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a bottle of Ampholine 


Cut your electrofocusing costs to a fraction of 


previous levels without sacrificing quality or 
resolution. Save substantial time casting, 
running, and staining gels as well. High 
performance electrofocusing lets you analyze 
well over 600 samples per 
Ampholine. And if you're struggling with an 
especially tight budget this year, we can 
help you save even more. High performance 


‘gels are cast by capillary action onto thin 


plastic support foils in layers a mere 0.5 to 
0.25mm thick. Because the new thin gels are 
cooled more efficiently, resolution-robbing 
thermal gradients are eliminated while run 
times drop to as little as 30 minutes. 
Ampholine, the LKB tradename for the 
world’s largest selling carrier ampholyte, is 
now available in four new pH ranges. The 
new ranges are specially preblended for di- 
rect use in either acrylamide or our new 
agarose gels and exhibit excellent con- 
ductivity nd reproducibility. By switching 
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bottle of 


to our new preblends, you'll save preparation 
time and reduce your stocking costs as well. 
High performance electrofocusing is Just 


one of a series of new and improved techni- 
ques you can perform on the Multiphor" 
System. For more details about this and 
other new kits soon to be released, contact 
your local LKB representative. We have of- 
fices everywhere, Or phone us today at one of 
the addresses listed below. 


LKG 


Head office: |.KB-Produkter AB. Box 405, 5-161 26 Bromma Sweden. Tel OS-98 OU 40. telex 10492 


tS sales office: |.AL Instruments. Inc. | 


2291 Parklawn Drive, 


Rockville. MD 20852. Tel. 301-88] 25 10. telex 230 N9 682 


’ ` TET : Ty 4. Ae pe sles 1} 
ffice: LKR Instruments Lid, 232 Addington Road, S. Croydon, Surrey ¢ RY SYD. England. Tel 01-647 8822, telex 264414 
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PUT THE P-1 PUMP 
IN YOUR LAB... 


_on the bench or hang it from a ring stand or scaffolding. 


No matter where you put it, this peristaltic pump fits neatly into 
your chromatography system. 


Connect it to your column. 
Interface it with your fractio n collector. 
Hook it up to Sa a) rolle: 


No matter how you te, it, th 
liquids from 0. Os tow 
buffo ors sohis 
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For full details and specifications on Pump, contact 
your Pharmacia Fine Chemicals representative today. 


Pharmacia Fine Chemicals AB e 

P Box 175 Pharmecia 
$-751 04 Uppsala 1 ~ - 

N Sul Fine Chemicals 
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€ le en lectins of varying specificity purified to homogeneity by affinity chromatography. A 
et Profile Sheet describing quality control assays and results of each assay accompanies every lectin. 


fiers four glycosidases, the first of an extensive series. Each glycosidase is free of proteases and assayed for 
gnate glycosidase activity. A Product Profile Sheet describing these assays and giving their results is supplied 
noe gilycosidase. 
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-a-D- GalNAc |) HPA Helix pomatia Aggin (8407LA) 


UEA I Ulex europaeus Aggin (BADALA) 





SBA A Soy Bean Aggin (84410LA) 


WGA Wheat Germ Aggin (840614) Q B-D-GlceNAc-R 


a-D-Man j 
o-D-Galactosidase CA 
Re-D-Gal 


oD-N-acetyigalaciosaminidase ale 
a-D-GalNACLR-$ |@ Neuraminidase (830014) 
NANA 


Q 
CON A Concanavalin A aig LPA Limulus polyphemus Aggin (840384) 





c-D-Mank 





LCA Lens culinaris Aggin (880914) COM A Concanavalin A (8400LA) 





Ser-a-D-GalNAc-R-a-D- $ 


a-D-N-acelyigalactosaminyl-oligosaccharidase (8302LA) 


R-¢ 8-D-Gel-a-D-GalNAcWSer 





LCA Lens culinaris Aggin (840914) 


WoA Wheat Germ Aggin (&406LA) 





B-D-Man - Pe eee al MPA Maclura pomifera Aggin (&402LA) 





R-B-D- Gal-a-D-Gal a? PNA Peanut Aggin (BAOBLA) 





=. | a-L-Fuc RCA I Ricinis communis Aggin (84045A) 


BRL welcomes all technical inquiries on these products. Please call (800) 638-4045 (USA 


ia i Bethesda Research Laboratories, Inc. BRL, GmbH Offenbacher Strasse 113 
E , < Box 577, Gaithersburg, MD 20760 6078 Neu Isenburg West Germany 
der ~ (800) 638-8992 Telephone: 06102-3206 
In Maryland: (301) 840-8000 Telex: 417699 BRL NID 


Telex, 908750 BRL GARG 
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Where now for the British Association? 1 
Mr Watt's fight 
Isidore Nabi, RIP 


NEWS 


Congress faces decision on CFC 

Britain losing out on information technology 
Soviet natural resources 

Heat on BNFL 

French nuclear energy 

Indian technology 

US synthetic fuels 3 


CORRESPONDENCE 


Stanford’s patent/Church versus science/ 
Specimens of Leeuwenhoek/ 
Natural selection/Popper’s errors 6 


NEWS AND VIRW: 


Outward signs of breeding (R D Martin 
and R M May) 

+The least luminous star (D W Hughes) 
he cloning revolution meets human 
genetics (B Williamson) 
ow ‘unique’ can meteorites be? (R 
Hutchison) 
Corals — the reef and man (P K Swart) 7 


BOOK REVIEWS 


The Three Mile Island Nuclear Accident: 
Lessons and Implications (T H Moss and 
D L Sills, eds) Alan Cottrell; Two- 
Dimensional Digital Signal Processing, 
Parts 1 and 2 (T S Huang, ed.) P W 
Hawkes; Malayan Forest Primates: Ten 
= Year's Study in Tropical Rain Forest (D J 
=. Chivers, ed.) Michael Kavanagh; 

_ Microbial Cell Walls and Membranes (by 
~~ H J Rogers ef al.) A R Archibald; The 
Physiological Ecology of Phytoplankton 
(I Morris, ed.) Karl Banse; Precambrian 
of the Southern Hemisphere (D R 
Hunter, ed.) Janet V Watson; Biology 
and Activities of Yeasts (F A Skinner ef 




















al., eds) James A Barnett 87 
MISCELLANY 

100 years ago 12 
New on the market xx 
Classified advertising xxi 
Cover 


The membership ticket for the first meeting of 

the British Association for the Advancement of 
Science at York in 1831. The ticket (this one for John 
Phillips, assistant secretary from 1832 to 1862 

and president in 1865) shows the ruins of St Mary’s 
Abbey and the then newly opened York Museum. 
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master send form 3579 to: Nature, 15 East 26 Street, New York, NY 10010, ©1981 Macmillan Journals Ltd. 7 
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Medicines then and now 
Zoological ideas 1831-1981 
Vasculum to electron microscope 
Sociology — another 150 years? 
Men, bishops and apes 
From Great Duke to microchip 
Some consequences of physics 
Chemistry: the formative years 
The engine we call our Earth 
The Earth as the home of man 
Exploring the lively 

Earth 1831-1981 


Plate tectonics, biogeography 
and evolution 


A simple model of Saturn’s rings 
A gene product required for correct 
initiation of segmental 

determination in Drosophila 
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Grand unification, the neutron electric 
dipole moment and galaxy formation 





Emission line regions and 
stellar associations in 
extended extragalactic radio sources 


Formation of organic molecules 
on Titan 


Solitary waves in the lower atmosphere 


Evidence for northward thrusting 
south-west of the Rhodes Basin 


Accelerated currents and 
sediment transport off 
the Damietta Nile promontory 


Testis weight, body weight 
and breeding system in primates 


Relative brain size and basal 
metabolic rate in terrestrial vertebrates 
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Selective loss of binocular 
depth perception after 
ablation of cat visual cortex 
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Conditions required for the 
inhibitory feedback loop 
in noradrenergic transmission 


Selective transfer of Lucifer 
yellow CH 
from axoplasm to adaxonal glia 
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Amersham offers 
‘end labelling kits 
which give you: 


Convenience 
All the reagents needed to label DNA in one kit. 








Flexibility 

Amersham’s kits are available with or without 
cordycepin 5’-[a-32P triphosphate for maximum 
economy of label. 


Efficiency 

Labels all 3 types of 3’-end — protruding, blunt and i 
recessed. L 
Simplicity 





Few pipetting steps. 
Easy to handle volumes. 


Quality S 


All batches of our kit are subject to rigorous quality 
control. A copy of the autoradiograph, obtained 
after labelling the standard DNA provided in a 


Standard reaction, is supplied with each kit. 
ees | See ae 
FF) aT eee 
PB.4025 Non-radioactive reagents + 250uC: cordycepin 5°- |a-32P| triphosphate 
sufficient for 5 standard 3'-end labelling reactions a ade 
PB.4100 Non-radioactive reagents + ImCi cordycepin 5’-/a-9*P i triphasphate 


sufficient for 20 standard 3’-end labelling reactions S 
N.4005 Non-radioactive reagents only — sufficient for 5 standard 3'-end labell ng | | 


reactions 





h 
~ 
A 


N.4020 Non-radioactive reagents only — sufficient for 20 standard 3'-end iabelling So 


reactions 

— 
Please call Amersham or your local representative aá 
for further details of our kits. 


k 





Amersham Thternational Limited, Amersham, England Telephone 024 04-4444 
in the U.S.A. and Canada, Amersham Corporation, Illinois 60005 Telephone 312-364-7100 
and 800-323-9750 (Tollfree) 


in W. Germany, Amersham Buchler GmbH & Co KG, Braunschweig Telephone 05307-4691 , i 
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eHow Britain 
runs its Science 


This highly successful 
wallchart, which first 
appeared in 1975, has now 
been completely revised 
and updated. 


The 2 x3 ft guide offers a comprehensive 
survey of the administration of British 
science. It provides a full account of the 
funding of science in Britain, giving 
details of money spent by government, 
research councils, industry and 
universities. 

Designed as a fold-out sheet, it can be 
carried easily to meetings or hung as a 
wall poster for permanent reference. The 
new 1981 edition is available at £3.50 or 
$7.95 by sending your cheque to either 
Nature’s London or New York offices. 

In the UK and elsewhere: Nature, 

4 Little Essex Street, London WC2R 
3LF, England. 

In the US and Canada: Nature, Suite 
1503, 15 East 26th Street, New York, 

NY 10010, USA. 





Annuai Subscription including Index (§Tisst 
UK & Eire 
USA & Canada 
Belgium 

West German 
Netherland 
Switzerland 
Rest of Europe 
Rest of World Surface 

Rest of World* Airmail 

*(not USA, Canada & Europe) 

Personal subscription rates are available in some 
countries to subscribers paying by personal cheque 
or credit card. 


Details can be obtained from: 

UK: Nature Promotion Department, 

4 Little Essex Street, London WC2R 3LF 
Telephone: Jonathan Earl: 01-836 6633 


USA: Nature, 15 East 26 Street, New York, NY 10010 
Credit card orders only (in USA & Canada): 

Call toll-free: (800) 824-7888 (Operator 246) 

In California: (800) 857-7777 (Operator 246) 

Back issues: (Post-paid) UK, £2.00; USA & 
Canada, US$6.00 (surface), US$8.50 (air); Rest of 
World, £2.50 (surface), £3.50 (air). 

Nature Binders: 

Single Binders: UK, £3.50; Rest of World, $8.50; 
Set(s) of Binders: UK, £9.50; Rest of World, $22.50 


Airspeed only 
Airspeed only 
Airspeed only 
Airspeed only 
Airspeed only 


Nature Annual Indexes (1971-1980): 

Prices (post-paid): 

UK, £5.00 each, Rest of World, $10.00 

Nature First issue Facsimile: 

UK, 75p; Rest of World (surface), $1.50, (air), £2.00 


Nature Directory of Biologicals 
(Hardcover edition) (to be published 1981) 
UK, £18.50; Rest of World, $45.00 


Nature Walicharts: 

How Britain Runs its Science; UK, £3.50: 

USA, $7.95 each 

Nature in Microform: 

For Information: 

UK: UMI, 18 Bedford Row, London WC2R 4EJ 
USA: 300 North Zeeb Road, Ann Arbor, Mi 48106 
Orders (with remittance) to: 

Nature, Macmillan Journals Ltd., 

Brunel Road, Basingstoke, Hants RG21 2XS, UK 
Tel: (0256) 29242 Telex: 858493 
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Antigenic variants of measles virus M J Biren, S E 


Killing of Mycobacterium microti 
by immunologically 
activated macrophages 








Immunoreactive substance P G Pelletier, 
and serotonin present H W M Steinbusch 
in the same dense-core vesicles & A A J Verhofstad 


mererin maani i twtr anain AA ean niaan AEA ana he ARH 


S H Yuspa & D L Morgan 





Mouse skin cells resistant to terminal 
differentiation associated 
with initiation of carcinogenesis 


ee eae rae papanin 


M Rieber & M S Rieber 





Metastatic potential correlates with 
cell-surface protein 


alterations in B16 melanoma variants : 74 
Evidence for association of K Sakakibara, T Momoi, | 
glycosphingolipid with a T Uchida & Y Nagai 


colchicine-sensitive microtubule-like ; 
cytoskeletal structure of cultured cells 16 


Inhibition of SV40 replication M Lusky & M Botchan 
in simian cells by 














specific pBR322 DNA sequences 7 = 19 . 
Site of linkage between adenovirus R Deuring, U Winterhoff, = 
type 12 and cell F Tamanoi, $ Stabel 2 
DNAs in hamster tumour line CLAC3 & W Doerfler 81 
Thermoproteales — a third order W Zillig, J Tu fee 
of thermoacidophilic archaebacteria & I Holz 85 





Authors should be aware of the diversity of Nature's readership and should strive to be as widely understood 
as possible. ji 
Review articles should be accessible to the whole readership. Most are commissioned, but unsolicited reviews are 
welcome (in which case prior consultation with the office is desirable). | 


Scientific articles are research reports whose conclusions are of general interest or which represent substantial o ioo to 
avances of understanding. The text should not exceed 3,000 words and six displayed items (figures plus tablespoon = 
A draft abstract ($0 words) is required. 


Letters to Nature are ordinarily 1,000 words long with no more than four displayed items. The first paragraph ee 
(not exceeding 150 words) should say what the letter is about, why the study it reports was undertaken andwhal o ooo 
the conclusions are. a 


Matters arising are brief comments (up to 500 words) on articles and letters recently published in Nature. 


Manuscripts may be submitted either to London or New York (decisions being made only in London). 

Manuscripts should be typed (double spacing) on one side of the paper only. Three copies are required, each. Pa 
accompanied by copies of lettered artwork. No title should exceed 80 characters in length. Reference lists, figure. 
legends, etc. should be on separate sheets, all of which should be numbered. Abbreviations, symbols, units; ete. 
should be identified on one copy of the manuscript at their first appearance. ee 


References should appear sequentially indicated by superscripts in the text and should be abbreviated according PES 


numbers of each reference should be cited. References to books should clearly indicate the publisher and the 
date and place of publication. Unpublished articles should not be formally referred to unless accepied or 
submitted for publication, but may be mentioned in the text. 

Each piece of artwork should be clearly marked with the author’s name and the figure number. Original g 
artwork should be unlettered. Suggestions for cover illustrations are welcome. Original artwork (and one copy. — 
of the manuscript) will be returned when manuscripts cannot be published. l 
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~ 280 nm 225nm | Photographers call it underexposure. We call it absorb- 
: ance inability. The first you get from too little light, the 
second from the wrong kind of light. But the result is 
the same; there are things there but chances are you 
don’t see them. 

A good way to get around this problem is to use 
the Uvicord SII detector from LKB. 

This new and improved version of one of the most widely used LKB products, (since 
1958 we've sold a good twenty thousand Uvicord detectors) can monitor at 206, 225, 254, 280, 
313, 365 or 405 nm. Just choose the wavelength that will give you the best result for your 
sample. If the 254 and 280 nm filters let you see nothing and 206 too much, the new 225 nm 


filter will be perfect. For peptides, for instance. s 

Uvicord SII also has a unique high inten- N U d S Il 
sity lamp (av. life 6,000 hrs.) which, combined CW vicor 
with the short wavelength filters, can give you 
up to two hundred times greater sensitivity. 

Get in touch with LKB for a demonstra- 
tion. We think you'd be interested in a couple of 
other new Uvicord SII features like the variable 
time constant filter and it’s indicator for base- 
line adjustment. 


“ee 


Head offi LKB-Produkter AB, Box 305 516 j Bromma Sweden. Tel. 08-98 0040. telex 10492. Main US sales office: LISB Instruments, Inc. 12221 Park awn Drive 

Rockville. MD 205 59 Tel 3018812510, telex 3308 468 UK sale ffice: LKB ese nts ae 232 Addington Road, S. Crovdon, Surrey CR2 SYD. England 

Tel. 01-657 88 22, telex 264414 ther sale offices in Athe ens (for fi ddie East}, Copenhagen, Ghe The Hague. Hong Kong. Munich, Paris, Rome, Turku, Vienna 
` 
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the 7 00 pe Say 
pwas] praised as the most 
‘it's kinc d in the world. It still is. 
ne Foday demand is still as strong 
E - Because the PW1400 has fulfilled all its | 
ay roninas And now offers proven relia- All components are available in-house from 
bility. In performance, specification and design, Philips for added reliability. And the system can 











it seems the PW1400 has the happy knack of be connected to a wide range of computers. 
pleasing all of the people all of the time. in terms of back-up we offer extensive software 
It's modular in construction and comes with a packages, operator training programmes, 
choice of generators, sample handlers, highly specialised know-how from several 

data reduction systems and input/output application laboratories, and a sophisticated 
devices. service network. 


PHILIPS 
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The PW1400 affords remarkably low cost 
er analysis yet offers the speed and 
\ccuracy demanded by the most critical of 
aboratories. Microprocessors simplify opera- 
ion making it completely automatic. 

Jp to 72 samples at a time can be placed in the 
ample changer which is based on the 
jrogrammable tray’ principle, a high batch 
ystem developed by Philips. 

The fully automatic PW1400 fulfills the high 
peed, high performance needs of analytical 
iboratories in Geological, Petrochemical, 
ilass, Mining industries etc. throughout the 





if over 250 lake allan se tt 
haps it’s as good as you say.P 
information about the PW1400 sp 
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Position: 





Company: 


Address: = 








Send to: X-ray Analysis Product Manager, 
Philips Industries, S&I Division, Lelyweg 1, 
7602 EA Almelo, The Netherlands. 

Telephone: (09) 31 -5490-18291. Telex 36591. 


PHILIPS 
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The Arctic Ocean 

edited by Alan E. M. Nairn, Michael Churkin, Jr., 
and Francis G. Stehli 
A comprehensive account of current research on microplates 
and accretionary terranes, new plate tectonics, 
theories of Arctic evolution, and geophysics of 
shelf areas, Of special note is the presentation of a new 
geosynclinal theory developed at the Geological Institute of 
the USSR Academy of Sciences. This is the fifth volume in 
the acclaimed series, The Ocean Basins and Margins. 686 
pp., illus., 1981, $55.00 ($66.00/£34.65 outside US) 





Trends in the Biology of 
Fermentations for 


Fuels and Chemicals 

edited by Alexander Hollaender, Robert Rabson, 
Palmer Rogers, Anthony San Pietro, Raymond 
Valentine, and Ralph Wolfe 


Serves as an excellent sourcebook of information for the 
student studying fermentation processes and the physiclogi- 
cal activities of microorganisms and for the research worker 
involved in fermentation chemistry, microbiology, and plant 
genetics. Volume 18 in the series, Basic Life Sciences. 604 
pp., illus., 1981, $65.00 ($78.00/£40.95 outside US) 


Energy Demand and 


Efficient Use 
edited by Fernando Amman and Richard Wilson 


Explores methodologies for determining energy demand and 
possibilities for controlling this demand. Representatives of 
First and Third World countries discuss current and 
longeterm energy policies. Highlights the importance of 
energy demand control for establishing energy policies; 

forecasting, controlling, and supplying energy in European 
countries: data collection methods; and energy conservation 
in transportation and industry. Volume 9 in the Ettore 
Majorana International! Science Series: Physical Sciences. 
470 pp., illus., 1981, $52.50 ($63.00/£33.08 outside US) 


Structure and Function of 


the Circulation 


Volume 3 
edited by Colin J. Schwartz, Nicholas T. 
Werthessen, and Stewart Wolf 


Covers a broad area of cardiovascular biology, including 
arterial histochemistry, the proteoglycans of the arterial 
wall, cell membrane surface structure with particular 
reference to receptor mechanisms, and theoretical models of 
vascular transport. Also considers the biology of arterial 
smooth muscle, highlighting the important questions of 
differentiation and de-differentiation, contraction and 
innervation in culture, and the electrophysiology of 
contraction. 564 pp., illus., 1981, $59.50 (§71.40/£37.49 
outside US} 


Cell and Muscle Motility 


Volume 1 
edited by Robert M. Dowben and Jerry W. Shay 


Motility is a fundamental property of living systems, from 
the Maglasmic streaming of unicellular organisms to highly 
differenti systems of striated muscle. The first volume in 
this major new series, an important cross-disciplinary 
exchange between authorities on muscle and authorities on 
cells, deals with such topics as contractile function as a 
determinant of muscle growth, the fine structural and related 
aspects of nonmuscle cell motility, the sarcoplasmic 
reticulum of skeletal and cardiac muscle, and creatine kinase 
and intermediate filaments in cultured mammalian cells. 
approx. 400 pp., illus., 1981, $39.50 ($47.40/£24.89 outside 


US} 


Cid Nogs on Reader Enquiry Card. 





Histological Atlas of the 
Laboratory Mouse 


by William D. Gude, Gerald E. Cosgrove, 
and Gerald P. Hirsch 


An atlas of the tissues and organs of mice for investigators 
and students. Contains pictures of sample tissues from six 
essential strains that have been treated with five different 
fixatives, Assembles a total of 164 colored photornicro- 
graphs of histological sections, and illustrates all phases of 
the estrus cycle. approx. 150 pp., illus., 1981, $25.00 
($30.00/£15.75 outside US) 

text adoption price on orders of six or more copies: $17.95 


Computer Applications in 


the Earth Sciences 
An Update of the 70s 


by Daniel F. Merriam 


Confirms the computer's versatility as useful in a variety of 
geological fields, from petroleum exploration to paleo- 
ecology. Also covers computer advances in areas including 
photointerpretation, geochemistry, stratigraphic analysis, 
information systems, structural geology, geophysics, 
mineral- and fuel-resource forecasting, and oceanography. A 
volume in the Computer Applications in the Earth Sciences 
series. approx. 400 pp., illus., 1981, $29.50 ($35.40/£18.59 
outside US) 


Scanning Electron Microscopy 


and X-Ray Microanalysis 
A Text for Biologists, Materials 


Scientists, and Geologists 
by Joseph I. Goldstein, Dale E. Newbury, Patrick j 
Echlin, David C. Joy, Charles Fiori, and Eric Lifshin 


Designed for the beginning student in scanning electron 
microscopy and X-ray microanalysis as well as the worker 
who utilizes SEM techniques, this textbook emphasizes such 
areas as the biological specimen, qualitative and quantitative 
X-ray microanalysis, aspects of sample coating, and the data 
base of useful parameters for SEM and X-ray microanalysis 
calculations. Other topics covered include electron optics, 
electron specimen interactions, image formation and 
interpretation, Case studies illustrating application of SEM 
to particular problems are also provided. approx. 675 pp., 
illus., 1981, $29.50 ($35.40/£18.59 outside US) 


a 


Molecular Biology, 
Pathogenicity, and Ecology of 


Bacterial Plasmids 
edited by Stuart B. Levy, Royston C. Clowes, 
and Ellen L. Koenig 


A comprehensive examination of naturally occurring 
plasmids and those created in the laboratory. Progress in 
recombinant DNA uses of plasmids is summarized, along 
with future possibilities for this research. Details the 
pathogenic traits encoded by plasmids in the pathogenesis of 
disease, and the ecologic ramifications of introducing 
plasmid-bearing bacteria into an environment to clean up 
toxic materials. Discusses the use of plasmids in plant 
genetics and plant biology. approx. 675 pp.. illus., 1981, 
$59.50 ($71.40/£37.49 outside US) 


PLENUM PUBLISHING CORPORATION 
Plenum 
IBLISHING CORPORATION 


233 Spring Street, New York, N.Y. 10013 


In United Kingdom: 88/90 Middlesex Street 
London E1 7EZ, England 
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The continuing depletion of high-grade ores, the 
mounting cost of energy, and the increased concern 
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EXTRACTIVE AND PROCESS METALLURGY will provide 
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will be an important feature to ensure timely publication 
of new information. 

4 issues per volume ISSN 0273-3706 
Subscription rate: $168/£70 per volume 


Just reprinted: Habashi’s PRINCIPLES OF EXTRACTIVE 
METALLURGY, Volumes | and 2 {$121 the set). 

~ GORDON AND BREACH journals and books are 
available from leading subscription agents and 
booksellers. For our latest leaflet in METALLURGY, 
please write to Theresa Howard at: 


ceevwoensesnearrvememumiissrmrite USNR POOR BH AFIT A ta snr 


Gordon and Breach 
Science Publishers 
4? William IV Street 
London WC2N 4DE 





et L 29 | 293 3 September 198] 





_ EDITORIAL OFFICES 





London 
4 Little Essex Street, WC2R 3LF 
Telephone: (01) 836 6633 Telex: 262024 
Telegrams: Phusis London WC2R 3LF 
Editor: John Maddox 
Deputy Editor: Peter Newmark 
Editorial Staff 


Alun Anderson 
Philip Campbell 
isobel Collins 
Konrad Guettler 
Tim Lincoln 
Naomi Molson 


Sara Nash 

Peta Pickering 
Judy Redfearn 
Miranda Robertson 
Robert Walgate 
Charles Wenz 


Nigel Williams 
Washington News Bureau 
801 National Press Building, DC 20045 
Telephone: (202) 737-2355 Telex: 64280 
David Dickson (Washington News Editor) 


EAE eR A 


Publisher: Elizabeth Hughes 
Marketing Director: Ray Barker 


International Advertising Manager: 
Andy Sutherland 
Features Advertising Manager: Marion Delaney 
Classified Advertising: Jean Neville 
Telephone: (01) 240 1101 
Promotion Manager: Jonathan Earl 


New York 
15 East 26 Street, New York, NY 10010 
Telephone: (212) 689-5900 


American Publisher: Robert Ubell 
American Advertising Manager: Henry Dale 
Marketing Manager: Sheila Kane 


rhai 


USA Classified Advertising: 


Cathy Moore 


— 


Canadian Display and Classified 


Peter Drake, 32 Front Street West, 
201 Toronto, Ontario MSJ 1C5 
(416) 364-1623 


Display Advertising Representatives 


USA 


Nature New York Office—(212) 689-5900 


Roy McDonald Associates, Inc. 
Dallas—-(214) 941-4461 
Roy McDonald Associates, Inc. 
Houston—~{713} 988-3005 
Didier & Broderick, Inc. Chicago- 
(312) 498-4520 
Jobson/Jordan/Harrison/Schulz, Inc. 
San Francisco (415) 392-6794 
Los Angeles & Pasadena (213) 796-9200 
Daniel Adams Associates, Inc. 
Philadelphia—(215) 353-6191 
CEL Associates Boston—-(617) 848-9306 
Brinker & Brinker Fort Lauderdale 
(305) 771-0064 


West Germany and Austria 
Franz Schrecklinger 
TMW Top Media Werbegesellschaft Mbh 
Frankfurt (611) 726046 


Holland and Belgium 
Kevin Ward 
G. Arnold Teesing BY 
Amsterdam (020) 2636 15 
Switzerland 
Verena Hugi 
Agentur iff AG 
Schaffhausen (053) 45821 


Scandinavia 
Andrew Karnig 
Andrew Karnig & Associates AB 
Stockholm (08) 51 68 70 


Japan 
Mashy Yoshikawa 
Orient Echo Inc 
Tokyo 541-4923 


Nature® is published weekly 


ISSN 0028-0836 
Registered as a newspaper at 
the British Post Office 


6198] Macmillan Journais Ltd 


Vol. 293 No. 5827 3 September 1981 . 


oe 








“Nature Vol. 293 


3 September 1981 





The British: Association, meeting at York this week, has several 
causes for celebration, the chief of which is that it has lasted for 
150 years: Since the Second World War, the association’s survival 
has often been in doubt. Now, mercifully, there seems to be a 
breathing space. With the help of a modest subvention from the 
British government (through the Royal Society), a membership 
which, while stagnant, is at least not falling, and a palpable 
enthusiasm. within the young people’s section, the British 
Association has less need to worry about its immediate future 
than for many years. But presumably for these reasons, the 
association should use its birthday party this week to decide where 
‘it goes from here and how. 

As on other birthdays, the contemplation of the past may be 
worthwhile — and this week’s meeting has been provided with 
several such opportunities. The retrospective symposium on 
Wednesday, extracts from which appear on pages 13-32, are a 
vivid reminder of the distinction and of the importance of the 
association’s origins. Its roots are firmly planted in the charac- 
teristically English Industrial Revolution. Its legitimate heroes are 
the Faradays and Daltons of that world. At the beginning, the 
association was a forum for the incorrigible (and incorrect) belief 
of the early Victorians that an understanding of science would 
enable them to come to grips with an exciting world still largely 
unexplored. It is sometimes said that if in 1831 the Royal Society 
had been more active, the British Association would not have 
been necessary, but that is a mistake. The essence of the 
association, then as now, is that it is not an academy in the 
ordinary sense but rather is open to all comers. So it should 
remain. > 

The contemplation of these distinctive origins. should, 
however, not blind those in York this week to the bad. patches 
there have been. Although the crises afflicting the association 
have usually been presented as financial crises — too little money 
to. meet obvious needs — financial problems. have been 
symptoms, not causes. The truth is that in its blackest days the 
association has lacked a sense of what it should be doing and has 
as a result lost opportunities for doing good works and for giving 
its: membership a sense of belonging to a socially exciting 
institution. The association has since the Second World War 
hardly ever taken the lead in anything that matters — the teaching 
of science in schools, problems of nuclear weapons or of arms 
control, problems of environment and pollution, the present 


< issues: surrounding the commercial exploitation of genetic 
ordinary sense is understandable — professional societies are too 





ipulation. That it has ceased to be a scientific society in the 


professional — but the association has not often been used as a 
means by which people at large can be told of those issues which 
concern professionals but which can be resolved only by involving 
a wider audience. This week, the association’s justifiable self- 
congratulation should be matched by an attempt to understand 
why its recent performance has been so second rate. Several 
remediable failings stand out. 

For one thing, the association is badly organized and doaa be 
reformed. For the past 30 years, a succession of part-time 
secretaries have complained that the annual meeting would have 
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been interesting if power over the meeting programme nad 
been centred in the hands of people called the section recorder 
those volunteer academics who can cajole others into turni 
at various provincial cities (with no expenses paid) to give ta cS 
unknown and unpredictable audiences. Ít is not surprising 
most annual meetings are a ragbag, yet the recorders | 
virtually the only intellectual continuity in: the asso ation 
structure. Without the recorders, the association’s most pu 
activity would not exist. The failing is not theirs but that of the tor 
management, which has consistently been so preoccupied wW th 
money and procedure that it has failed to come to grips with 
intellectual questions that should concern the association. But 
the management cannot lead the membership, how can x 
association itself give a lead to a wider audience? TAG 

A few simple but radical reforms are necessary. The associa on 
should no longer limp on with a chief executive officer (call 


continue to deny the membership at large the chiice of ee 
should manage their association. For the past ten years there has 
been a kind of electoral system for members of the governi 
council, but the council itself has very little say in the choice of, T 
example, the president (who lasts for a year) and of the executi 
committee consisting of general secretaries, who can: (an o 
sometimes almost do) almost go on for ever. If this were not so 
patently ridiculous, it would be outrageous. The constant fear 
that democracy might allow the association to get into I 
“wrong? hands. But if the members of the association were ; 
to decide for themselves how and by whom it should be manage 
the risk that it might shoot off in some foolish direction would 
more palatable than the near-certainty, under prese 
arrangements, that the association will collapse because it carin 
decide what next to do. 
But what should that be? The association’s perennial prob 
has become that of finding a cause to prosecute. The- an 
meeting happens (and should continue) because the membe 
wants it. Plans for separate symposia or studies of | 
topics — the Sonal cae ine of | -o ë 


source of inf ormation ary comment on paea spay of f that kind - sie 
ices that pars the community asa | whole. — associati amo 
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of the past few years and 
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; eroic days, a strictly academic body but one that sought to build 
bridges between the scientific community and other groups of 
interested people. Who would say that the need for that service 
“has diminished in the past 150 years? But what has changed is the 
-nature of society. Many of the dreams of the 1830s have come true 
< people are more healthy, more wealthy and even wiser. 
X Questions such as the validity of evolutionary theories, the ethical 
‘problems thrown up by modern biology and the economic future 
~ of technological societies concern people of all backgrounds, not 
“just scientists. No single body could resolve all those 
conundrums. But the British Association is well placed to 
= promote the intelligent discussion of them. It is also. better 
qualified for that task than for its present attempts at 
<- popularization at which it is not especially skilled. Is it too much 
_. to hope that this week’s birthday party will give a substantial 
_— proportion of the membership the resolve to set off in this new 
a r also old) direction? 


Mr Watt’s fight 


One of the colourful characters of the new United States 
Administration and the most eccentric is Mr James Watt, the 
Secretary of the Interior. For most of the past six months, Mr 
Watt has been in one scrape after another and has succeeded in 
elevating the Department of the Interior from its traditional 

Obscurity to a position of one of the most controversial of 
= government departments. For Mr Watt is a zealot, one who 
appears to believe that the great resources of the United States 
~~ should be more fully harnessed to the cause of economic growth, 
< seven if the consequences are that this or that patch of wilderness 
“or national park will be sacrificed. The outrage of the 
environmentalists is predictable. But Mr Watt may now be 
surprised to find himself in trouble with Congress, not so much 
.- for his policies (which nevertheless are not much liked) as for his 
-< manner (for his certainty that he is right has offended even some 
__ of his potential friends). 
|. Mr Watt’s problem is familiar. He is by all accounts a man of 
ee high principle (and a deeply religious conviction). He takes the 
-view that mankind has a duty to ensure its own survival, to which 
| end the efficient exploitation of natural resources is essential. 
. High principles are not, of course, unwelcome in politics — 
indeed, some would say that they are all too rare. What Mr Watt 
appears not to have appreciated or to have had time to learn (for 
=> he had no previous experience of practical politics) is that there 
are many occasions on which equally high-minded people differ 
= radically in their opinions about courses of action that should be 
_. followed. Mr Watt’s failure is especially tragic, apart from the 
trouble he is likely to bring down on himself, because much of 
a whet he seeks to do is sensible. 
~The latest row with which Mr Watt has been caught up concerns 
S a proposal to license drilling for oil and gas in a wilderness area in 
- Montana. The issue is simple. The wilderness area, which spans 
the Great Divide, is federal land. The statutes which set it aside as 
wilderness can be amended only by Congress. The chances of 
finding oil and gas are said to be good, at least on paper, but so far 
not a single exploratory borehole has been drilled. Mr Watt 
appears to favour letting a few licences to drill in this remote area 
of the United States, thus confirming his critics in their view that 
he is the kind of man who would allow the Lincoln Memorial to be 
broken up if there were no marble for some other building 
project. 

Mr Watt is right to worry about the supply of oil and natural 
gas. That is his job. He would also be on firm ground if he were to 
argue that circumstances are foreseeable in which shortages of 
energy are so great that environmental considerations of all kinds 
would have to be set aside. His mistake, on the most generous 
reading of his actions since taking office, is that he supposes that 
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d takes precedence over 
hat y ys of President Lyndon 
J ohtivon’ s Great ‘Society, wilderness areas were dedicated and 
national parks extended without nearly enough thought for the 
consequences, they were popular accretions; people have grown 
fond of them. And United States voters will not give them up 
without a good reason. Browbeating from Mr Watt is almost 
certain to be counter-productive. 

Much will depend in the weeks ahead on whether Mr Watt seeks 
to win his case or, less prudently, to make his point that 
conservation must now take a back seat. In the first and prudent 
case, he will postpone the issue of whether people should begin 
immediately to drill for oil and gas in Montana, and will instead 
try to hammer out a rational policy on conservation. When 
should the need for natural resources take precedence over the 
conservation of the native or artificial state of some valued tract 
of land? What conditions must be attached to such projects to 
strike a proper balance between economic efficiency and natural 
beauty, the preservation of habitats and of species? By what 
means can some kind of economic value be put on a tract of 
wilderness? And how much land can even the United States 
afford to put in quarantine for ever? These questions were 
scandalously glossed over in the past two decades, when any tract 
of federal land not obviously an eyesore was liable to become a 
conservation area overnight. But, as things are, and however 
unfair it may seem, Mr Watt will not be able to get his way until he 
sets out to answer them patiently and persuasively. To do that is 
the prudent course. The imprudent course, on which he seems 
bent, is to behave as if those who oppose him have no case. For Mr 
Watt, the consequence of that will be such a fight with Congress 
that the Administration will find him a political liability — and 
will find another Secretary of the Interior. And then there will be 
no oil and gas from Montana. 


Isidore Nabi, RIP 


There has been great confusion in the scientific literature 
because of a jape that began at the University of Chicago some 
years ago. A non-existent scientist, Dr Isidore Nabi (whose first 
name is sometimes spelled Isadore), was blessed with a biography 
in American Men and Women of Science by a group of scientists 
including Professor Leigh Van Valen (still at the University of 
Chicago), Dr Richard C. Lewontin (now a professor at Harvard 
University) and Dr Richard Lester (now at the Harvard School of 
Public Health). Although, no doubt, the editors of American 
Men and Women of Science will be offended to discover that they 
have been duped, the creation of Nabi from thin air may be 
thought a harmless joke. 

Unfortunately the joke has gone too far. Apparently Nabi’s 
three creators have been in the habit of using his fake existence asa 
means of concealing their own identity. Earlier this year, for 
example, a letter supposed to be from Nabi was published in 
Nature (290, 183; 1981) making an otherwise plausible point 
about the controversy over the Natural History Museum. Nabi’s 
name has also turned up elsewhere, even as the author of articles 
in the journal called Science and Nature. The objection to this use 
of Nabi’s fictional identity as a pseudonym in the scientific 
literature is twofold. First, it is a deception. Second, it allows 
people with known opinions on important controversial matters 
to give a false impression that their opinions are more weighty 
than truth would allow. 

So somehow Nabi has to be banished from the scientific 
literature. What began as a good joke has become an impediment 
to sensible discussion, But if Nabi’s three creators insist on using 
his name as a pseudonym, what can simple mortals do? The 
answer is quite simple — let others than those in the know use 
Nabi’s name frequently, especially when making points 
conflicting with those who have so far used the pseudonym. It 
should not be long before they find it necessary to invent another 
or, better still, to use their own names. | 
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Cons 
New ozone 
data from 
NASA | 


Washington 

When Congress reconvenes next week 
one of the many contentious issues it will 
face is the future of US controls on the 
production and use of chlorofluoro- 
carbons (CFCs). The debate has been given 
à new twist by two factors: data that seem 
to provide the first empirical evidence of 
depletion of the Earth’s ozone layer, which 
might be attributed to CFCs; and an inten- 
sified campaign by both manufacturers 
and industrial users to head off any further 
regulation. 

Having banned the use of CFCs in most 
aerosol sprays four years ago, the US 
Environmental Protection Agency (EPA) 
announced last October that it intended to 
broaden its restrictions to cover non- 
aerosol uses such a5 refrigerants, foaming 
agents and solvents. The move came after 
two reports from the National Academy of 
Sciences appeared to confirm earlier 
warnings that depletion of the ozone layer 
by CFCs could cause problems ranging 
from an increase in human skin cancer due 
to the extra ultraviolet radiation that the 
Earth’s atmosphere would let through, to 
unpredictable effects on agricultural yields 
as a result of climatic changes. 

Although EPA still has an official dead- 
line of December 1981 for implementing 
the new restrictions, which in their present 
form would ultimately limit production of 
CFCs in the United States to 30 per cent of 
the present levels, such moves seem to be in 
abeyance as part of the Reagan 
Administration’s general effort to reduce 
the burden of environmental regulation on 
the private sector. 

But the CFC producers want more. At 
their instigation, draft bills have been 
introduced into both the Senate and the 
House of Representatives which would 
restrain EPA from imposing further 
controls on the production and use of 
CFCs until there was ‘‘clear scientific 
evidence’’ that they pose a threat to 
humans and the environment. 

Until recently, manufacturers had made 
considerable play on the fact that the 
predicted effect of CFCs on the ozone layer 
— which a National Academy of Sciences 
report two years ago said would be depleted 
by about 16 per cent if present trends were 
to continue — have been based primarily 
on scientific models with little empirical 
verification. They criticized EPA for 
creating the impression that the CFC ozone 
theory is ‘‘fact’’ rather than a “theory” 
whose calculations ‘‘are very much in 
question’. The situation is now changing 
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following evidence produced by scientists 
with the National Aeronautics and Space 
Administration (NASA) of what appears 
to be a steady depletion of the ozone layer 
40 kilometres above the surface of the 
Earth at a rate compatible with some of the 
theoretical predictions. 

The NASA data are based on readings 


made from two experimental meteor- 


ological satellites — Nimbus Four and 
Nimbus Seven. Both use a ‘‘total ozone 
mapping spectrometer’’ which can detect 
the ozone concentration at different 
heights above the Earth’s surface. 
According to Dr Donald Heath, a staff 
scientist with NASA who has been respon- 
sible for designing the ozone experiments, 
analysis of the measurements over the 
period 1970-79, once seasonal variations 
and other factors have been eliminated, 






ess faces decision on CFC 


reveal two principal components. The first 
can be related directly to the 11-year solar 
cycle; but in addition to this, says Dr 
Heath, there appears to be a steady 
decrease of abou: 0.5 per cent a year ata 
height of 40 kilometres. 

Although Dr Heath says that CFCs 
"represent the most likely explanation”, 
he admits that other hypotheses could 
explain his data, such as the effect of 
different components of the solar 
spectrum: ‘“‘the important thing is that 


apparently the effect [on ozone depletion] — a 


predicted by the theory is being confirmed, | o 


and a change in the ozone concentration 


does seem to be taking place’’. 

Industry representatives remain 
sceptical, pointing out that the NASA data 
have not yet been subject to peer review or 
published. They emphasize possible weak- 


Britain losing out on information technology 


The private telecommunications 
industry in the United Kingdom appears to 
be making another strong play for a slice of 
the British telecommunications cake — this 
time in the strange guise of a report 
prepared for the National Enterprise 
Board (NEB), made public last week. 

The report was written by staff of the 
telecom and computer division of the 
management and technical consultants PA 
International, and it warns that the deficit 
in the British balance of payments in the 
telecom industry will rise to £1,000 million 
a year in 1990 — unless the government 
takes a number of major initiatives. 

In prime place among them is the 
proposal that the Department of Industry 
should ‘‘clarify and implement the liberal- 
ization of British telecommunications 
promptly”. This means to make prompt 
use of the act which recently established the 
company British Telecom (the Post Office 
telecommunications division under a new 
guise). The act withdraws the previous Post 
Office monopoly in telecommunications 
—- but vests discretion granting project 
licences in the Secretary of State for 
Industry, free marketeer Sir Keith Joseph. 
Private industry, backed by the PA report, 
wants licences now, and is also concerned 
that under the present act liberalization of 
the market could be reversed by a Secretary 
of State who opposed Sir Keith’s views (as 
would probably follow, for example, if a 
Labour government were installed at the 
next general election, due by 1984). 

Besides liberalization, the NEB- 
commissioned report calls for British 
Telecom to be allowed to raise capital on 
the private market; for government 
departments which are major spenders or 
potential major spenders in the 
information industry to coordinate pro- 
curement policies, with a view to 
stimulating the proper growth and inter- 


national orientation of the industry; for the 


Department of Industry and Ministry of 
Defence to help JK companies win inter- 
national bids by financial backing and 
guarantees for risk-sharing consortia; and 
for government departments to stimulate 
technology transfer from the government 
sector to the commercial sector. 

PA recognizes that such wide-sweeping 
proposals may fail on deaf ears, but hopes 
they may stimulate some thinking. The 
trouble is that the proposals smack of a 
central technology policy, and Britain has 
no appropriate minister to champion or 
implement it. The Prime Minister is also on 
record as saying that she sees no need for 
such centralization (Nature 281,249; 1979). 

A different obstacle — government 
opposition to new spending -~ may also 
apply to another group of proposals in the 
PA report, which advocates a number of 
special government-led projects in tele- 
communications. One would be a large- 
scale demonstration ‘‘electronic office: 
another an electronic business communi- 
cations system for the City of London. 
Existing conflicting commercial interests in 
these areas make a government ‘‘purnp- 
priming’’ role essential, 

Britain must aiso make a greater effort to 
find a place in the international market, 
says the report. British suppliers, witira- 
few exceptions, are heavily dependent on 
the UK market, and particularly on. 
government procurement. *‘Moreover | 
government procurement and research and 
development funding is not being directed — 
as effectively in the United Kingdom as itis . 
elsewhere”, it says —- casting an envious — 
eye at France, Germany, Japan and the- 
United slates oo says s PA; there 
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nesses in the data resulting from the cali- 
bration techniques used and alternative 
hypotheses that do not necessarily 
implicate CFCs. 

However, the NASA data are still 
likely to be prominent in future debates 
on CFC controls. The proposed legis- 
lation would amend the Clean Air Act of 
1970, due for renewal by Congress 
later this month, to shift the focus of 
EPA’s actions from regulation to research. 
It would require EPA ‘‘to use statistical 
analysis of actual ozone measurements as 
an early warning system to guard against 
excessive ozone depletion’’, according to 
the Alliance for Responsible CFC Policy, 
the industry lobby which has been largely 
responsible for the proposed legisiation. 

Environmental groups have expressed 
strong opposition to the proposed legis- 
lation. Giving evidence to an oversight 
committee of the Senate Environment and 
Public Works, an attorney with the 
Natural Resources Defense Council 
claimed that ‘‘legislation creating 
narrowly-defined factual conditions for 
the imposition of regulation in any form to 
protect the public against a serious 
environmental risk would be bad policy 
and a dangerous precedent’’. 

The environmentalist group also 
criticized a provision in the Senate version 
of the bill which would restrain EPA from 
taking any further action without an inter- 
national consensus that more regulation 
was necessary. In the past the US govern- 
ment has been the first to act on restricting 
CFCs; Norway, Sweden and Canada have 
followed with complete bans on aerosols, 
and the members of the European 
Economic Community agreed last year to 
reduce overall production. 

National Academy of Sciences officials 
are no happier with the suggestion that they 
might be asked to judge whether or not 
there was sufficient evidence of a link 
between CFCs, ozone depletion and 
threats to human health to require 
additional regulation. They argue that 
their function should be restricted to evalu- 
ating the adequacy of the scientific data. 

Industry remains confident both that it 
can hold the Administration back from any 
further controls in the short term and thatit 
can persuade Congress to legislate a new 
approach to the control of CFCs which 
would survive into a new administration 
with potentially different values. 

EPA has not announced any change in 
direction from the proposals published last 
year — but it is clearly sympathetic to the 
industry’s point of view. At her confir- 
mation hearings before the Senate, the new 
EPA administrator, Mrs Ann Gorsuch, 
said she understood that the theory of the 
stratospheric ozone layer was ‘‘highly con- 
troversial’, and that ‘‘apparently there isa 
need for additional scientific data before 
the international scientific community 
would be willing to accept the ozone layer 
depletion theory as the basis for additional 
government action’’. David Dickson 
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Soviet natural resources 


Try harder comrades 


The Soviet Union has launched yet 
another drive against waste of energy and 
raw materials. A resolution of the Central 
Committee of the Communist Party of the 
Soviet Union and the Council of Ministers 
of the USSR published recently calls for a 
radical improvement in the savings of such 
materials in all branches of production and 
an increase in the role of scientists in 
effecting these economies. 

The new resolution, while praising the 
work of ‘‘leading collectives”, admits that 
there is considerable waste. The con- 
sumption of raw materials and energy per 
unit of national income, it says, is higher 
than the ‘‘best world indices’’. Also, 
inefficient mining and extraction processes 
mean that large quantities of coal, oil and 
ore remain underground. 

To cure these ills, the resolution urges a 
stringent economy regime, more modern 
management methods and a mass publicity 
campaign. The State Committee for 
Science and Technology, the Academy of 
Sciences and the various production minis- 
tries are to undertake research aimed at 
reducing the specific energy and resource 
consumption of industry and maximizing 
the use of recycled resources. 

The ministries involved in education are 
to improve the level of teaching of 
economic disciplines, while Party courses 
and organizations such as the Komsomols 
are to study the problems from a political 
theoretic standpoint. The ‘‘Znanie’’ 
(‘‘Knowledge’’) society, which coordinates 
and supports the work of science clubs and 
societies throughout the Soviet Union, is to 
prepare material demonstrating the correct 
use of resources in the economic strategy of 
the Party. The press, cinema, television, 
radio and the ‘‘Plakat’’ poster press have 
all been mobilized in the efficiency drive, 
and a complex scheme of sanctions for 
energy wasters and financial incentives for 
the successful energy savers is being 
worked out. 

Special attention continues to be paid to 
the petrochemical sector. Earlier this year, 
the petrochemical industry was hived off 
from the chemical industry into a ministry 
of its own. In addition, it has now been 
decided to establish a special State 
Committee for the Supply of Oil Products. 

At the same time, acrash programme for 
power station construction has been 
launched, concentrating on the nuclear 
sector. At a two-day meeting in mid-July 
on nuclear power, Dr Anatolii 
Aleksandrov, president of the Academy of 
Sciences stressed the need for further auto- 
mation in the operation of nuclear power 
stations, and the importance of speeding 
up the construction of fast-neutron 
reactors. About 25 million kW of nuclear 
generating capacity is to be commissioned 
in the next five years, three times more than 
during the previous five years. Vera Rich 







































Heat on BNFL 


The depressed demand for electricity in 
the United Kingdom and the increasing 
public distrust of things nuclear are the 
main worries for the future of state- 
owned British Nuclear Fuels Limited 
(BNFL), reflected in the company’s tenth 
annual report published last week. The 
report reveals a £3 million fall in profits, 
to £12.9 million, in spite of an increase in 
sales. 

The strength of sterling, together with 
high interest rates and the inevitable 
effects of inflation have combined to 
reduce BNFL’s international competi- 
tiveness. Defence cuts, and the govern- 
ment’s rigorous policy of ‘‘cash limits” 
on BNFL’s other main customer, the 
Central Electricity Generating Board, 
have reduced the need for enriched 
uranium and the closure of the outdated 
diffusion enrichment plant at Capenhurst 
has been brought forward to the end of 
1982. 

BNFL chairman Sir John Hill said 

when presenting the report that further 
business expansion for BNFL ‘‘is tied 
inextricably to the future of nuclear 
power as a major energy source and in 
particular to the restoration of growth of 
electricity demand in the United 
Kindom’’. 
_ This commitment is underlined by Sir 
John’s efforts to counter the flow of 
propaganda against the building of new 
nuclear power stations — ‘‘Despite per- 
sistent attack from anti-nuclear factions, 
the case for nuclear power with its 
inherent safety and economic advantage, 
remains intact’’. 





Charles Wenz 


French nuclear energy 


Summer strife 


French energy normally flags in August, 
when the nation takes its traditional 
holidays; but not so this year. The 
Mitterrand government is flinging itself 
towards its first full parliament, wishing to 
get a number of issues quickly under its belt 
before there can be too much shouting. But 
with one of them — nuclear power — it is 
already having some trouble. 

The French environmentalists got short 
shrift under Giscard d’Estaing. 
Mitterrand, a socialist, not beholden to big 
business, appeared to offer them more — 
he promised a halt to nuclear construction, 
a national debate and even a referendum. 
They voted for him. 

Now things look a little different: the 
parliamentary debate on nuclear power 
will be in October, and may last less 
than a week. There is no longer talk of a 
referendum; nuclear construction 
continues at many sites; and, as if to 
underline the situation, Mitterrand’s 
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Minister of State for Research and 
Technology, Jean-Pierre Chevènement, 
said recently that nuclear power was necess- 
ary to France, but that ‘‘democracy’’ 
was worth a delay of a few months. 

So August has seen increasing tension 
over energy issues — only heightened by 
the arrival in Cherbourg of a British 
freighter from Japan, carrying Japanese 
nuclear waste for reprocessing at Cap de la 
Hague in Normandy. There was a demon- 
stration against which the police used tear 
gas. And on the other side, the broadly 
Communist-led union, the CGT, protested 
to the Prime Minister against the pause that 
had been imposed by the government at 
certain less-advanced reactor construction 
sites, such as Cattenom on the Moselle near 
Luxembourg, while at other sites workers 
and local contractors blocked roads to 
protest against the pause. 

So it seems that energy politics in a 
France that at least pays lip service to 
democracy is going to be just as difficult as 
it has proved in other western countries, 
and it remains to be seen whether the 
government can handle the situation in any 
other than the effectually dirigiste manner 
adopted by the previous administration. 

Much must wait for the debate and its 
aftermath, but for the moment the 
government has been shaken into taking 
one new step — the setting up of a 
permanent scientific commission to 
enquire into the operation of the Cap de la 
Hague reprocessing plant, which has 
suffered a number of leaks and accidents 
and has never functioned efficiently. 

Prime Minister Pierre Mauroy appeared 
to have been forced into this position by a 
broadly-based group which opposes the 
extension of Cap de la Hague to treat 
foreign waste. Shortly after the landing of 
the Japanese cargo, the group was led to 
believe by a member of Mauroy’s cabinet 
that the extension of the plant and the 
treatment of foreign waste were inevitable. 
They came away saying they were deceived 
and disheartened and that the 
government’s position was ‘‘very clear and 
very grave’. Almost immediately Mauroy 
gave them a personal audience, announced 
the setting up of the commission and 
indicated that no foreign fuel would be 
reprocessed until after the debate. 

Where this leaves energy policy in France 
is, however, unclear. The socialist party 
appears to be split on the issue. 
Chevénement is the most outspoken pro- 
nuclear spokesman. Other ministers are 
more equivocal, notably Minister of 
Finance Jacques Delors, who says he does 
not want France to become the waste- 
dump of Europe. The debate may only 
further muddy these waters, for elements 
of the socialist party — represented by 
national secretary Paul Quilés — believe 
that it should not lead to decisions. Rather, 
Quilés says, it should help to define a 
democratic framework within which the 
final decision can be taken. 

Robert Walgate 
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Indian technology 
Home and away 


Bangalore and Lucknow 

Although India has a well defined 
national policy on science, there is still no 
such luxury for technology. An attempt by 
the Janata government that ruled India 
between 1977 and 1979 to formulate a tech- 
nology policy failed because the draft was 
never approved by the cabinet. Now the 
present government led by Mrs Gandhi 
finds the draft Janata policy ‘‘lacking in 
emphasis on self-reliance’’, and efforts are 
now being made to give India a 
“comprehensive self-reliant” policy on 
technology. A ‘‘special group” has been 
set up by the Science Advisory Committee 
of the cabinet to come up with a new draft. 

Professor M.G.K. Menon, Secretary of 
the Science and Technology Department, 
says the new policy will ‘‘reflect the 
government’s stress on self-reliance” 
Some of the main objectives that will 
ultimately form part of the policy 
statement have already been spelt out by 
the working group on science and 
technology for India’s sixth five-year plan. 
One new feature is likely to be the idea of 
maintaining a register of all foreign 
collaborations. The aim is to ensure that 
prime contractors for technology policy 
are Indian and that there is a firm 
commitment to involve Indian research 
and development activities whenever 
foreign technological know-how is being 
imported. 

Professor Menon observed that ‘‘the 
need for formulation and adaptation of a 
new national policy has been felt for quite 
some time’’, and said that state-level 
science and technology departments would 
be set up to make sure that the policies 
formulated at the centre were properly 
implemented. Radhakrishna Rao 
@ India is to set up an agency specifically 


to regulate the transfer of technology to — 


other developing countries. India already 
has 207 joint ventures with Third World 
countries under way abroad — 115 already 
in operation and 92 in various stages of 
planning and construction. 

India’s involvement in these projects is 
mainly through the export of capital 
equipment and technology, although there 
is also some transfer of cash. Most of the 
effort goes towards light engineering and 
textiles, but there are also projects in oil 
fractionation, the paper industry and 
chemicals and pharmaceuticals. 

The proposed new agency is expected to 
coordinate the efforts of public sector 
undertakings, such as Engineering Projects 
(india), Bharat Heavy Electricals and 
Electronics Trade and Development 
Corporation. It is to be part of the 
Department of Science and Technology 
but will have links with the External Affairs 
Ministry to help promote cooperation 
between India and Third World countries. 

Zaka Imam 


Going for broke 


Washington 

Disregarding several of his top-level 
economic advisers, President Reagan has 
approved federal loan guarantees totalling 
$3,500 million to support investments by 
private companies in three plants beir 
built to produce synthetic fuel isynf 
from coal and oil shale. 

The three loan guarantees are the first to 
have been offered under legislation passed 
last year by Congress providing up to 
$20,000 million a year to support synfuel 
projects. They had been strongly opposed 
by Administration economists such as Mr 
David Stockman, director of the Office of 
Management and Budget (OMB), on the 
grounds that the loans represented an un- 
warranted subsidy for commercial 
companies. 

The synfuels programme was set up by 
the Carter Administration to accelerate 
efforts to produce both liquid fuels and 
natural gas from domestic resources of 
coal, oil shale, tar sands and heavy oil. The 
centrepiece of these efforts is to be a 
Synthetic Fuels Corporation, formally 
established by last year’s legislation, but 
still to come into effective operation. 

In July the Reagan Administration 
outlined a new energy policy, which 
seemed to reinforce its proposed 
withdrawal from issuing large federal 
subsidies to energy projects, particularly 
those in the development stage. 

The Administration declared that the 
Department of Energy “will continue to 
support and fund long-term, high-risk 
research and development projects which 
industry would not be in a position. to 
finance”, but added that the development 
pace for the US synthetic fields industry 
“will be determined by private investors”, 

Among projects promised loans in the 
final days of the Carter Administration 
and which it was argued would collapse 
without government support, is a coal gasi- 
fication project sponsored by a consortium 
headed by American Natural Resources 
Company which aims to be the first 
commerical-scale synthetic gas facility in 
the United States. 

Earlier this year the plant, which will be 
built in Beulah, North Dakota, appeared 
doomed both by the Reagan Admi 
tration’s lack of enthusiasm, and by 
decision refusing the g 
permission to raise nai 
cover the plant’s construction co 
a wave of congressional support, 
this plant has now been promised ion 
guarantees of $2,000 million. The two 
other subsidies approved by Mr Reaganare 
$1,100 million for an oil shale. Po 
jointly financed by the Tosco Corporatior 
and the Exxon Corporation i 
and $400 million for anot 
in the same state spon 
Oil Company. k 
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Stanford’s patent 


Str — Nowhere in your discussion of the 
United States patent to Cohen and Boyer 
(Nature 13 August, p.571-574} do you give its 
number, which is 4,237,224. 

In what you call the antecedents of the 
Cohen-Boyer patent the patentees included 
the work of Hershfield et al. at that time in the 
press but later in prosecution cited by the 
Examiner from Proc. natn. Acad. Sci, U.S.A. 
71, 3455 (1974). The US Examiner also cited 
the earlier work of Chakrabarty to be found in 
his important US patent assigned to General 
Electric Company, No. 3,813,316. 

It is essential in any discussion of possible 
infringement of 4,237,224 to look at the 
precise language of the 14 claims per se and 
not to rely on loose remarks on what 
commentators think they may or may not 
protect. 

FRANK W. COUSINS 
London SWI, UK 


Unnecessary schism 


Sir — I think that the Devil tries his best to 
drive the Church and scientists apart by 
splitting those who see truth in Darwin’s 
theory of ‘‘Survival of the fittest’’ and the 
creation of the Universe by God. I believe the 
two go well together. If we think of “fitness” 
as being pleasing to God, who told the animals 
to “go forth and multiply’’, then this ties in 
well with “for the Lord watches over the way 
of the righteous, but the way of the wicked 
will perish’? — Psaim Iv.6. 

l believe that God is at work just as much in 
the Miller experiment as in the day of the 
primordial soup. 

When the bible says that the Lord created 
the world in six days, we need not take this to 
mean 6 x 24 hours. In English we often use the 
word ‘“‘day’’ to mean an indefinite period. 

When Fox (Nature 6 August, p.490) 
suggests a theory of how nucleic acids are 
formed this reinforces my faith in God. 
Christians do not need to hide in the 
unexplained to see God at work but rather see 
him as all the more glorious when we see how 
he does it. 

The gaps of knowledge suggest to me that 
the Creator is cleverer than all the world’s 
scientists and all the world’s computers pul 
together. 

SEAN JACKSON 
Trinity College, Cambridge, UK 


Discovery unmasked 


Sir — Examination with modern microscopes 
of van Leeuwenhoek’s original late- 
seventeenth century specimens and sections 
preserved amongst the manuscripts at the 
Royal Society is a most exciting project. 
However, Brian Ford (Nature 30 July, p.407) 
is mistaken in claiming that they have oniy just 
been discovered by himself. Clifford Dobell 
(1886-1949), who carried out his pioneering 
study of the Leeuwenhoek collection at the 
Royal Society throughout the 1920s, clearly 
states in his scholarly and indispensable 
Antony van Leeuwenhoek and his “Little 
Animals” (p.333) published in 1932 (and 
reprinted in paperback by Dover Books in 





1960) that ‘Leeuwenhoek was one of the first 
— if not the very first — to study the structure 
of solid opaque bodies by means of sections. 
Some which he cut with his own hand by 
means of a sharp shaving razor are still in 
existence, They were enclosed in a little packet 
affixed to an early letter (Letter 4, | June 
1674. To Oldenburg. MS. Rey. Soc. . .), and 
have remained intact to the present day’’. 
Professor F.J. Cole, who justly stated “No 
student of Leeuwenhoek can fail to be deeply 
impressed by Dobell’s classic monograph’, 
also refers briefly to the existence of the 
specimens at the Royal Society in a publication 
in 1937 on ‘‘Leeuwenhoek’s Zoological 
Researches’’. No doubt because it was 
published after Dobell’s book, Cole’s study, 
which appeared in two parts (Ann. Sci, 2, 
1~46, 185-235; 1937), seems to have been 
generally neglected. It can be recommended as 
a most useful guide to Leeuwenhoek’s letters, 
as a thorough study of Leeuwenhoek’s 
histology, and particularly valuable because 
Cole has compiled a 37-page analytical index 
of tissues and specimens studied by 
Leeuwenhoek. The way in which 
Leeuwenhoek prepared his razor is described 
by him in two letters of September and 
November 1709 (Phil. Trans. 26, 493-502; 
1709). Cole sums up Leeuwenhoek’s histology 
thus: “He studied rough hand sections. . . 
never evolved a technique which would have 
enabled him to prepare sections of soft tissues 
without previously drying the material. Only 
near the end, in 1714 does he mention any 
method of staining. . . He first mentions 
section technique in 1674 and some of the 
sections he then cut with a ‘sharp shaving 
razor’ still survive attached to Letter 4 [1 June 
16741". 
R. Derek Woop 
Bromley, Kent, UK 


but... 


Sir — My contribution to your columns did 
not make the claim to which R.D. Wood 
objects. It actually began with the words: 
“The original specimens sent by the ‘father of 
microscopy’, Antony van Leeuwenhoek, are 
still in existence’’. The words ‘After not being 
seen since 1674...’ were added by Nature 
staff in processing the article. 

Even so, this exciting discovery of 
Leeuwenhoek’s fine specimens in pristine 
condition after three centuries or more is not 


dignified by citing occasional individuals half 


a century ago who noted the existence of the 
packets, but did not investigate what they 
contained. Contrary to what your 
correspondent implies, for the majority of the 
specimens there are no known historical 
records since Leeuwenhoek’s time. 

The value of these specimens as a source of 
information on Leeuwenhoek and his work 
lies in the remarkable fact that they have 
remained apparently undisturbed until I 
discovered them earlier this year’. The 
historical record substantiates my belief: in 
particular, Dobell’s remarks about the packet 
of 1 June 1674 are a helpful corroboration 
that the specimens remained (in his words) 
‘*intact to the present day’’. 

Brian J. FORD 

Cardiff, Wales, UK 


1. Ford, B.J. Net. Rec. R. Soc. 36 (1), 37-59 (1981). 
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Matter of principle 


Sir — Anthony Flew in his formulation of the 
principle of natural selection as non-random 
survival (Nature 16 July, p.192) claims to have 
denied this principle the tautological status 
some have accorded it. It does not seem, 
however, that this formulation circumvents 
the main problem — namely lack of empirical 
content of the principle. Non-random survival 
is an empirically empty concept if the range of 
possibilities the non-random survivors were 
supposedly selected from is unknown. The 
range of possibilities is known in a few 
instances only, where polymorphisms 
determined by multiple alleles correlate with 
environmental variables, for example, as in the 
industrial mechanism of the moth Biston 
betuleria. 

As a consequence natura! selection can 
never have a broadness of empirical base 
commensurate with its claims for generality — 
a point which ought not to be overlooked if 
biologists wish to lay claim to being creatures 
of reason rather than faith and thus maintain 
the distinction in modes of thought between 
the biologist and the creationist. 

BARRIE PEARSON 
Winfrith, Dorset, UK 


Thoughts on Popper 


Sir — Halstead! has mentioned Popper’s 
recantation? of some of his mistaken ideas on 
evolution. The unmasking of some of 
Popper's apparent errors occurred as follows. 
In May 1977 my paper? on “The testability of 
the role of natural selection within theories of 
population genetics and evolution” was widely 
circulated and received for publication. In that 
paper I explained at length why Popper’s ideas 
on the testability of natural selection seem 
totally wrong. Popper’s own recantation 
appeared first somewhat later in his Darwin 
lecture (Darwin College, Cambridge, 
November 1977). His brief arguments seemed 
to be as wrong as ever and were based on 
isolated instances of natural selection, instead 
of referring to some population-genetic 
theories that involve natural selection. The 
Darwin lecture also contained an apparent 
flaw as regards Popper’s views on 
epiphenomenalism? (these views were based on 
evolutionary considerations). Ruse had earlier 
criticized Popper’s apparent misconceptions 
on evolution’, but further scrutiny was called 
for. Hence, in a recent paper®, following the 
earlier critiques by Lewontin and Ruse of 
Popper’s views on evolution, I analysed at 
great length the likely nature of the ‘‘theory of 
evolution”. In that paper I noted that ‘it | 
would be wrong to think that Popper has 
correctly assessed what matters in evolution”, 
and I tried to exhibit in great detail the 
apparent fundamental errors of many of 
Popper’s ideas on evolution, although my 
paper is mainly constructive. 

G.D. WASSERMANN 
University of Newcastle upon Tyne, 
Newcastle, UK 
. Halstead, L.B. Neture 292, 403-404 (1981), 
Popper, K. Dialectica 32, 344 (1978). 
Wassermann, G.D. Br. d. phil, Sci, 29, 223-242 (1978). 
| Wassermann, G.D. Mind BB, 572-373 (1979). 


_ Ruse, M. Phil Sei, 44, 638-661 (1977), 
| Wassermann, G.D, PAi Sei Gn the press). 
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NEWS AND VIEWS 





Outward signs of breeding 


from Robert D. Martin and Robert M. May 


ANIMAL behaviour, both within and 
between species, tends to exhibit much 
greater variability than does morphology 
or physiology. This makes it difficult to 
reconstruct phylogenies from behaviour 
patterns. The problems are particularly 
acute for mammals, where social be- 
haviour can be very variable in its expres- 
sion, depending on local ecological con- 
ditions and on prevailing demographic 
factors. Discussion of the origins of 
mammalian social systems therefore 
benefits greatly from any linkage to 
morphological or physiological features, 
which provide anchor points that are 
relatively stable in evolutionary terms. 

A good example is provided by Harvey 
and colleagues’ analysis of sexual dimor- 
phism of body size among primates’. 
Studies of living primates (and, inciden- 
tally, of other mammals) show that sexual 
dimorphism is absent in all species which 
exhibit habitual monogamy, whereas it 
may or may not be present in species with 
social systems where males have breeding 
access to more than one female (unimale or 
multimale polygyny). Accordingly, the 
apparent presence of sexual dimorphism in 
some of the earliest known (Oligocene) 
relatives of the Old World monkeys and 
apes from the Fayum deposits of Egypt 
suggests that they possessed polygynous 
mating systems of some kind?. 

Focusing on the Great Apes — orang- 
utan, gorilla, chimpanzee and man — 
Short has drawn together information 
about several morphological features that 
shed light on the relationships between 
sexual selection and behavioural 
ecology?~*. This example is especially inter- 
esting because the four species are 
genetically and biochemically very similar, 
yet phenotypically and behaviourally sig- 
nificantly different. The data assembled by 
Short are summarized schematically in the 
figure, which shows the sexual dimorphism 
in body size, the size and location of the 
testes, the relative size of the erect penis, 
and the relative development of the 





Robert D. Martin is Reader in Physical Anthro- 
pology at University College, London, and 
Robert M. May is Professor of Biology at 
Princeton University. 
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Gorilla 
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Orang-utan 


Chimpanzee 
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In the top half of the figure, the size of the 
circles shows the body size of a breeding 
male, relative to the size of a typical female 
(central circle), for each of the four 
species; it also shows the size and location 
of the testes and the relative size of the erect 
penis (arrow on circle). The lower half of 
the figure similarly shows the relative body 
sizes of the females compared to a typical 
male, along with schematic depiction of 
the relative development of the mammary 
glands and of the perineum before the first 
pregnancy (cross beneath circle). From 
Short?}4 





mammary glands and the perineum, for 
each of the four species. 

As discussed by Short, these morpho- 
logical characteristics correlate well with 
the breeding systems observed for orang- 
utans, gorillas and chimpanzees (we will 
return to man below), and these in turn 
may be plausibly associated with the 
foraging behaviour of the females of the 
various species®. 

Orang-utans are large arboreal frugi- 
vores, and the density of fruiting trees or 


those with edible leaves and bark is not par- 
ticularly high in the thick forests these 
creatures inhabit. Female orang-utans thus 
live in isolation and males occupy large 
‘core areas’ which typically contain several 
females and from which they exclude other 
adult males. The mating system is thus 
basically a unimale polygynous one (effec- 
tively a harem group). There is 
consequently selection on the male for the 
physical size and strength to defend his core 
area, resulting in a pronounced sexual 
dimorphism where male orang-ulans are 
about twice the size of females. On the 
other hand, copulation is a relatively rare 
event’: each of the few adult females within 
earshot of a given male is likely to come 
into heat only once or twice in 6 years or 80 
(the mean birth interval is about 5~7 years). 
At such low copulation frequencies, there 
is no need for a high spermatogenic 
capacity — hence the relatively small testes. 
These circumstances, together with the 
lack of visibility in the forest canopy, put 
little selective pressure on sexual adver- 
tisement. Noting that the erect penis is 
about 4 cm long, Short’ adds the engaging 
observation that: ‘‘To what extent, if any, 
it is used in male-female display is 
uncertain, but its length certainly allows 
the animal to adopt a wide variety of copu- 
latory positions, necessitated by the fact 
that copulation usually occurs when both 
animals are hanging from branches’. 
Gorillas are predominantly terrestrial, 
and feed on rather low-quality herbage 
which is usually abundant but in fairly 
widely dispersed patches. The females are 
thus relatively less concerned about com- 
petition for food and travel in smal 
groups, Males compete for exclusive 
ownership of such groups (which fragment 
on the death of the dominant male). This 
polygynous, unimale breeding system is 
basically similar to that for the orang-utan, 
even though the ecological details are quite 
different. Again there is strong sexual di- 
morphism, little sexual advertisement (the 
erect penis is about 3 cm long) and small 
testes. Indeed, a typical male. gorilla. has 
three to four females in his troop, each 
having roughly 4 year intervals between 
births, so that he will encounter an oestrou: 
female on average but oncea year®: : telale 
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to body weight, the gorilla testis is the 
smallest of any known primate. 

Chimpanzees are terrestrial and arboreal 
omnivores, and live in relatively open 
habitats where vision is more important. 
However, the availability of their food is 
relatively low, so each female needs a large 
core area; thus, rather like the female 
orang-utan, the female chimpanzee tends 
to remain apart from the male. It is infeas- 
ible for a single male to defend a territory 
that embraces several females and the 
outcome is a system in which groups of 
males cooperate to defend a large area 
containing many females. In this system, 
there is little aggression among males 
within the group, which may explain the 
low degree of sexual dimorphism. Such 
social cooperation carries the consequence 
that males share the sexual favours of 
females that come into oestrus; chimpan- 
zees have a promiscuous, multimale 
breeding system. Estimates? of the size of 
the community of females available to a 
male, coupled with estimates of the 
frequency of oestrus for a given female, 
suggest that intercourse is almost a daily 
occurrence for a male chimpanzee, in vivid 
contrast to the gorilla and the orang-utan 
where it is roughly an annual event. The 
consequent emphasis on testis size, and 
sexual advertisement in both male and 
female, are as depicted in the figure. 

One unsatisfactory aspect of the above 
story is that the comparisons are among so 
few species. In this issue of Nature (p.55), 
Harcourt and co-workers present a very 
nice study of the relationship between size 
of testes and type of mating system for 
some 33 species of monkeys and apes. As 
with recent studies of sexual dimorphism, 
an effective comparison of testis size 
among so varied a group of primates can 
only be conducted after the scaling 
influence of body size itself has been taken 
into account?. This reflects a theme in 
much of developmental biology: 
mechanical constraints on the way living 
machines can be constructed will tend to 
give general ‘allometric’ laws governing the 
way particular characteristics scale with 
body weight; superimposed on these broad 
patterns will be variations arising from 
adaptation to particular ecological or 
behavioural circumstances. Thus, for 
mammalian reproduction in general, it has 
recently been demonstrated that many 
different aspects of fertility (litter size, 
litter frequency and so on) exhibit system- 
atic dependence on environmental circum- 
stances (tropical versus temperate; tree- 
dwelling versus burrowing) once the 
systematic effects of body weight are 
removed!®. 

Harcourt et al.'s analysis confirms the 
suggestion by Short? that, once body size 
has been properly taken into account, 
primate species with multimale breeding 
systems consistently have larger testes than 
those with unimale breeding systems 
(monogamous pairs or harem groups). As 
explained more fully by Harcourt ef al., 


this is as expected: a greater capacity for 
sperm production will have obvious 
advantages wherever males may encounter 
direct competition within their social group 
for breeding access to females. It therefore 
appears that the relative size of the testes is 
a very useful guide to the basic breeding 
system of any primate species, reflecting 
fundamental adaptation regardless of 
minor adjustments of social behaviour to 
suit local ecological conditions. Extension 
of these comparisons to mammals 
generally should yield further useful 
insights, and a more reliable base for 
interpretation. 

As in any approach dealing with only a 
single parameter relative to body size, there 
are complications, the most obvious of 
which is seasonality. For any given 
breeding system, males of a species which 
exhibits mating for only a restricted part of 
the year might be expected to possess larger 
testes than males of species breeding 
throughout the year. In addition, testis size 
is known to vary over the year in seasonally 
breeding mammal species. Any such 
seasonal effects must evidently be taken 
into account fora really clear evaluation of 
the implications of relative testis size. For 
example, among callitrichids it is known 
that the cotton-top tamarin (Saguinus 
oedipus) exhibits a marked seasonal 
breeding peak, whereas the common mar- 
moset (Callithrix jacchus) breeds through- 
out the year with no obvious seasonal 
pattern!'. This might explain why cotton- 
top tamarins have relatively larger testes 
than common marmosets, despite the 
fact that both species are classified as 
monogamous. Similarly, Harcourt ef al. 
point out that Macaca species, which 
generally show some kind of seasonal 
breeding peak, exhibit the largest relative 
testis size among all the primate species 
included in the comparison. There is also 
an apparent enigma in that the squirrel 
monkey (Saimiri scuireus) is known to 
exhibit very pronounced seasonality of 
breeding and is also classified as possessing 
a multimale breeding system, yet its testes 
(relative to body size) appear to be only 
moderately developed and are in fact both 
relatively and absolutely smaller than in the 
monogamous cotton-top tamarin. 
However, in this case it is possible that the 
data used by Harcourt and colleagues, 
which were derived from a laboratory 
colony, do not accurately reflect the 
natural situation. For this reason alone, it 
is unfortunate that no data on prosimian 
primates could be included in their 
analysis, since some of the more extreme 
forms of seasonal reproduction known 
among the primates are found in the 
Madagascar lemurs, with some species 
exhibiting mating for only a very few 
months each year!?. It can be predicted 
that among lemurs, testis size (relative to 
body size) should be larger than in monkeys 
and apes generally, but that monogamous 
species such as the indri (Indri indri) should 
show relatively small testes compared with 
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other lemur species, such as the ringtail 
(Lemur catta) and the sifaka (Propithecus 
verreauxi), which live in multimale 
breeding units. 

Reliance on testis size as an indicator of 
breeding systems also begs the question of 
the timing of mating relative to ovulation. 
There is some evidence from baboons that 
dominant males mate with females closer 
to the time of ovulation than do sub- 
ordinate males!?, and it is not at all clear 
whether increased semen volume or better 
timing of mating would offer the better 
chances of breeding success for a particular 
male in a multimale breeding group. For 
example, if male A were to mate with a 
given female 48 hours before ovulation, 
while male B were to mate only 24 hours 
before ovulation, it is not known, at 
present, which male’s spermatozoon 
would fertilize the egg. 

As noted by Harcourt ef al., a male’s 
success in competing with other males for 
mating with an oestrous female will not 
depend only on his sperm production 
capacity, as reflected by testis size. 
Increased sperm storage capacity will also 
enhance a male’s chances of success in 
mating competition and one might there- 
fore expect primate species with multimale 
breeding systems to exhibit a larger relative 
size of the epididymis than species with 
unimale breeding systems. Data are not yet 
available on epididymis weights in 
primates, but this is an obvious priority for 
future investigation. 

What does all this tell us about 
ourselves? Man is unusual in that every 
mating system known for the order 
Primates as a whole can be found among 
contemporary human societies. Even if 
attention is restricted to those simpler 
existing societies that are uncontaminated 
by Western culture, the evidence remains 
equivocal: an analysis'? of 185 such 
societies found 74 per cent to be basically 
polygynous, although economic consider- 
ations and a shortage of women meant that 
in practice about half adopted monogamy. 
Indeed, some argue that human mating 
systems do not have a biological basis, but 
rather the form adopted in any given 
society is dictated largely by socioeconomic 
factors. On the other hand, the popular 
literature on human behaviour shows well 
established support for the notion that 
there is a biological basis for monogamy in 
Homo sapiens, and elaborate scenarios 
have been constructed around this idea. 

The analysis conducted by Harcourt ef 
al. shows that human testis size certainly 
does not accord with the range of values to 
be expected for a multimale breeding 
system. This line of evidence, however, 
does not discriminate between monogamy 
(whether serial or lifelong) and polygyny 
(unimale harem groups); relatively small 
testis size is found for monogamous 
primates such as the gibbon, and also, as 
illustrated in the figure, for polygynous 
primates such as the gorilla and the orang- 
utan. 
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Two other lines of evidence suggest, 
however, that our hunter-gatherer 
ancestors were likely to have been 
polygynous rather than monogamous. 
First, modern Homo sapiens exhibits 
sexual dimorphism both in body size (albeit 
to a mild degree, with men about 20 per 
cent heavier than women at any given age) 
and in form‘. This contrasts with the well 
established rule that sexual dimorphism is 
not found among monogamous mammals. 
Second, as has been discussed with specific 
reference to the red deer!’ (Cervus 
elaphus), it is to be expected that parents 
will allocate a greater proportion of their 
resources to sons rather than to daughters 
only in cases where ‘‘reproductive success 
varies more widely among males than 
females’’. For human gestation, it is 
known that more resources are devoted toa 
male fetus than to a female one, resulting in 
significantly higher birth-weights for male 
infants'®. Since there is no cultural 
influence which might affect the 
developing fetus differentially according to 
its sex, this may be taken as indicating some 
biological basis for a mating system in 
which human males would exhibit more 
variation in reproductive success than 
would females; that is, polygyny or promis- 
cuity rather than monogamy. Setting aside 
the trends in degree of sexual dimorphism 
and relative weight of testes, the other 
patterns in the figure are mainly concerned 
with the conspicuousness of the genitalia 
(size of erect penis, whether or not the 
testes are pendulous and so on). These 
patterns have not yet been compared 
systematically among primate species, and 
the evidence they offer about mating 
systems can be subjected to an indecisive 
variety of interpretations. 

Note the special importance of the study 
by Harcourt ef al. in these attempts to 
reconstruct the breeding systems of our 
human ancestors by broad comparisons 
among primates. Earlier work tends to rule 
out monogamy, but makes little distinction 
between multimale and unimale breeding 
groups; the current study of the relative size 
of testes now tends to exclude multimale 
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systems. Monogamy may, of course, none- 
theless be the optimal system in certain 
modern societies. Much work on birds, 
mammals and other creatures indicates 
that monogamy often emerges when large 
investments in the offspring necessitate 
cooperation between the parents. It is 
possible that the increasing dependence of 
the human infant, associated with progres- 
sively increasing brain size and cultural 
complexity, has favoured culturally deter- 
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mined monogamous tendencies in various 
human societies, even though these have 
not led to the complete suppression of 
biological indicators of a polygynous 
ancestry. 

In brief, it seems likely that our 
morphology is that of a species with 
unimale breeding groups but that these 
biological antecedents are today often 
overlain by extremely powerful socio- 
economic determinants. Cj 


The least luminous star 


from David W. Hughes 


ASTRONOMICAL records are always 
interesting and it is a matter of considerable 
excitement when one is broken. I. Neill 
Reid of the Department of Astronomy, 
University of Edinburgh, and Gerard 
Gilmore of the Royal Observatory, 
Edinburgh, recently reported in the 
Monthly Notices of the Royal 
Astronomical Society (196; 15P, 1981) that 
a present record holder, star VB10 in 
Aquila, has probably been overtaken by 
star RG0050-2722 in Sculptor. The race is 
to see which one is the least luminous. 
VB10 has an absolute visual magnitude, 
M,, of + 18.57; RG0050--2722 has an M, 
of about + 19. (M, is equated to the 
apparent magnitude a star would have if it 
was 10 pc from the observer. For example, 
the Sun has an apparent magnitude of - 27 
and an M, of + 4.83.) 

The authors have been studying the 
stellar distribution in the region of the 
South Galactic Pole using the UK Schmidt 
Telescope. Photographic plates were taken 
with a range of filters, typical examples 
being the B, V, R, 1, J, Hand K filters m the 
visual and near infrared. Colour 
relationships between the apparent 
magnitudes of RGOOS0-2722 in each 
specific wavelength band led to an 
estimation of the star’s spectral type and 
luminosity class. These data fix a position 
for RGOOSO-2722 in the Hertzprung— 
Russell diagram from which it is possible to 
read off the star’s absolute magnitude. 
Using three different filters, M, was 
estimated to be 20.5+1, 19.0+0.5 and 
19.5+1. From the apparent magnitude 
of the star, its distance was estimated to be 
25 + 6 pc. RG0050--2722 is the first star of 
very low luminosity to be discovered by 
purely photometric criteria. It is classified 
as being a metal-rich dwarf and as such, 
Reid and Gilmore assume that it is on the 
main sequence. It seems that TiO in its 
atmosphere provides extensive blanketing 
in the 0.7 ~ ium spectral region. The 
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Histogram showing how the 100 stars 
closest to the Sun are distributed according 
to their absolute visual magnitude, Mu. 
their luminosity, 2 (in units of the solar 
luminosity, 4 x 103 erg s-!}and their mass, 
Mo (in units of the solar mass, 2 x 1035 g). 
The data have been taken from C.W. Allen 
Astrophysical Quantities, 3rd edition. 


spectral energy distribution indicates that 
the star has a surface temperature of 2,625 
+ 100K. 

Stars of such low luminosity seem to be 
rare. The figure shows the distribution of 
stellar numbers as a function of absolute 
visual magnitude. It includes the 100 
closest stars and, considering the 
capabilities of the largest telescopes, it can 
be concluded that very little has been 
overlooked. There is a reasonably sharp 
upper and lower mass cutoff. The upper 
limit of the luminosity function is about Af, 
= ~ 8 and the equivalent maximum stellar 
mass is about 100 solar masses (M,). As 
can be seen from the figure, no star that 
massive is near the Sun. Reddish (Sci. 
Prog. 50; 235, 1962) estimated that the 
lower stellar mass limit is 0.027 / 

If we assume that RG0050-2792 obeys 
the normal mass—luminosity relationship, 
its mass can be calculated to be 0:023 M, 
which puts it very close to the lower limit. 
Reddish found that the average stellar mass 
was LEM. 

Where do stars end and planets begin? 
Jupiter, the largest planet in our Solar 
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System, has a mass of 0.0010 M, — about 
one-twentieth the mass of RGOQOSO-2722. 
Is the mass function such that there is a 
collection of objects, as yet undiscovered, 
with masses between the two? Probably 
not. When considering stellar formation, 
the minimum star size is governed by the 
size of the smallest proto-star cloud 
fragment which is stable against disruptive 
forces. This probably depends on the rate 
of loss of angular momentum, the opacity 
of the fragment and the properties and 
quantities of dust in the interstellar cloud. 
Planetary formation, on the other hand, 
depends on the size, turbulence, density, 
composition and temperature of the 
flattened nebula disk around a new Star. 
The size distribution of the resulting 
planets probably differs completely from 
the size distribution of the low-mass stars. 


However, their compositions are probably 
very similar. 

Kumar (Astr, J. 69; 143, 1964) suggested 
that stars with masses of less than 0.08 
M, could not produce energy by the 
nuclear transformation of hydrogen into 
helium, as do main-sequence stars, because 
their central temperature was never high 
enough. He proposed that, as the low-mass 
stars contracted, they would fall straight 
past the main sequence and go directly toa 
cold ‘black dwarf’ stage. If this is the case, 
it raises problems for the photometric 
parallax method used by Reid and Gilmore 
in the low-luminosity region of the 
Hertzprung—Russell diagram. Kumar 
infers that there may be 200 such 
‘planetary’ bodies within 5 pc of the Sun, in 
a volume containing about 50 stars. None 


prev 


has yet been found. 2 


The cloning revolution meets 


human genetics 


from Bob Williamson 


THE Sixth International Workshop on 
‘Human Gene Mapping’ held in Oslo in 
June was a small conference attended by 
both established experts and younger 
scientists new to the field. During the eight 
years since the first workshop, the number 
of chromosomal assignments of human 
genes has grown from approximately 
twenty to several hundred, with about one 
hundred of them precisely mapped to a 
chromosomal location. 

What does ‘precisely mapped’ mean? 
This point was discussed by McKusick 
(Johns Hopkins University), Southern 
(University of Edinburgh) and Skolnick 
(University of Utah). There are two sorts of 
map — a phenotypic map, where charac- 
teristics (such as an enzyme activity or an 
inherited disease) are mapped to single 
stained human chromosomes, and a 
molecular map, where the organization 
and sequence of the DNA composing the 
genes is determined by the molecular 
biologist. 

The distances used by the two groups of 
mapmakers differ. Banding techniques, in 
which the chromosome structure is stained 
with acidic or basic dyes (the functional 
significance of the banding is still not clear 
in mammals), enable a good cytogeneticist 
(on a good day) to distinguish 20 or so 
tands, perhaps a few more on extended 
chromosomes. As an average-size 
chromosome (such as the X chromosome) 
contains approximately 100,000,000 base 
pairs (bp), the nearest gene assignments 
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using banded chromosomes are still about 
5,000,000 bp apart (5,000 kb, Kilobase 
pairs). 

In contrast, the molecular biologist 
studies individual gene sequences cloned as 
recombinants and can determine a sequence 
of DNA several hundred or thousand base 
pairs long. The biggest gene fragment that 
can be cloned (in a cosmid) is only 50 kb, 
one-hundreth of the cytogeneticist’s best 
resolution. Excitement mounted at the 
meeting as it became apparent that this 
enormous gap between the distance looked 
at by the traditional human geneticist and 
by the molecular biologist will be bridged 
during the next two years. 

The classical methods of studying 
genetic linkage — comparing the 
inheritance of a disease with that of a 
protein marker within a family, or looking 
for the expression of a protein by a somatic 
cell hybrid between mouse and human cells 
containing only a limited number of 
human chromosomes — only work whena 
family, or a cell line, exists with just the 
right combination of genetic traits. Even 
then, the gene assignment often involves a 
cytological analysis, and therefore is rarely 
more accurate than + 5,000 kb, unless the 
genes are extremely closely linked. 
Polymorphisms are required in the family 
analysis, but not when genes are expressed 
in hybrid cells. 

The new molecular techniques for 
determining linkage use cloned DNA 
sequences, and look for polymorphisms 
where small or single-base changes occur in 
the DNA sequence between two homo- 
logous chromosomes in an individual. As 
first pointed out by Jeffreys (University of 


Leicester, UK), the polymorphisms occur 
about once every 100 or so base pairs, 
particularly in the more than 90 per cent of 
the DNA that does not code for protein, 
and appear to be random and non-selected 
and therefore can be regarded as 
completely neutral mutations. They can be 
followed through several generations and 
are inherited in mendelian fashion. 

There are only about 50 cross-overs, or 
chromosomal exchanges of genetic 
material, during a single meiosis, and very 
rarely will a single gene be involved. 
Because of this, Skolnick and others 
calculated that it should be possible to map 
the entire human genome using a relatively 
small number of polymorphic DNA 
fragments cloned in phage or plasmid 
vectors. The only requirements for such an 
exercise are that meiotic cross-overs are 
relatively rare events, the clones are 
randomly distributed, the polymorphisms 
can be followed through a family and they 
can be linked to some phenotype, whether 
a hereditary disease or the expression of a 
particular protein or nucleic acid. 

Several laboratories (University of Utah, 
Johns Hopkins University, Harvard/MIT, 
St Mary’s London and University of 
Edinburgh) are well on the way to 
constructing random human clone libraries 
which can be used for gene mapping, at 
least for some chromosomes. The 
techniques for chromosome isolation vary 
from the use of rodent—human hybrid cells 
(University of Utah) to the use of the 
fluorescence-activated cell sorter to sort 
chromosomes (St Mary's, London, 
Beatson Institute, Glasgow). Once a 
chromosome-specific probe has been 
isolated, it can be mapped using 
translocations or chromosome fragments, 
or by in situ hybridization, and used in turn 
to map any phenotype by linkage 
inheritance studies. An example of the use 
of in situ hybridization for gene 
localization was described by Ferguson- 
Smith (University of Glasgow), who 
collaborated with Malcolm (Queen 
Elizabeth College, London) to use a 
tritium-labelled probe for a V-region gene 
of immunoglobulin light chain and showed 
it resides close to the centromere on the 
short arm of chromosome 2. 

In future linkage studies, a family witha 
disease will donate small blood samples, 
from which leukocyte DNA samples can be 
obtained, and the laboratory determine 
whether there is a co-inheritance of a DNA 
sequence (as measured by the size of a 
fragment seen on a Southern blot 
autoradiograph with a specific cloned gene 
probe) with the phenotype (in this case, the 
disease). It is probable that by the next 
workshop in two years’ time, these 
techniques will allow the mapping of any 
phenotype which is defined by a single gene 
to a single chromosome locus, particularly 
if the correct chromosome is already 
known. 

Southern pointed out that it is then 
merely a question of walking the genome 
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How ‘unique’ can meteorites be? 


from Robert Hutchison 


ALL meteorites may be considered 
‘unique’ with respect to their time of fall, 
which determines when the radionuclides 
produced by cosmic radiation begin to 
decay and when terrestrial weathering 
sets in. However, ‘uniqueness’ of 
meteorites is usually defined in terms of 
chemical composition and mineralogy, 
although oxygen isotopic ratios may be 
significant. No meteorite has properties 
which suggest that it came from outside 
the Solar System. _ 

The most recently fallen meteorite to 
qualify as ‘unique’ landed near 
Acapulco; Mexico, on 1] August 1976. 
The single, 1.9 kg stone was extensively 
studied by Palme and colleagues in Mainz 
and Paris (Geochim. cosmochim. Acta 
45; 727, 1981). Like members of the 
H-group of chondritic meteorites, it has 
22.7 wt per cent metal and 3.6 per cent 
sulphide (the remainder being essentially 
silicate), but differs from them in that it 
lacks chondrules and is coarse grained. A 
more fundamental difference lies in the 
oxidation. state of Acapulco, which is 
intermediate between that of the highly 
reduced enstatite chondrites and the 
more oxidized H-group. 

In major element chemistry Acapulco 
closely resembles the H-group, but the 
careful analyses undertaken at Mainz 
show that it differs in its content of some 
minor and trace elements. It has three 
times more phosphorus than have 
H-group chondrites; the mineralogical 
work, carried out in Paris, attributes this 
to a high abundance of chlorapatite, a 
calcium mineral known to accept 
uranium, and which is an order of 


towards the determinant that actually 
causes the phenotype — a linkage, of 
course, may be a long way away, but new 
techniques such as those described 
originally by Goss and Harris (University 
of Oxford), where chromosomes are 
caused to fragment after irradiation, or 
‘microcells’ and cells transiently 
incorporating cloned DNA segments, 
which were discussed by Ruddle (Yale 
University), can be used to bridge the gap 
between the 50,000 bp clone and the § 
megabase pair chromosome band. Unlike 
traditional ‘gene walking’ methods, these 
new techniques (‘jogging the genome’) may 
allow a chromosome to be roughly 
sequenced in a few months, using random 
clones and a computer. 

When a total gene map exists, McKusick 
predicted that it will be possible to carry out 
‘reverse diagnosis’, from gene to 
phenotype. This will be particularly useful 
in the diagnosis of dominant diseases, such 
as Huntington’s chorea, where persons at 
risk live with anxiety for many years before 
finding out whether the disease develops in 
middle age. 
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magnitude more abundant in Acapulco 
than in H-group chondrites. These and 
other chemical properties of the 
meteorite suggest that the mineral 
assemblage has undergone some 
fractionation by partial melting. 
Enrichment in the refractory siderophile 
elements rhenium, osmium and iridium is 
taken as an indication that pre- 
accretionary, nebular processes also 


played a part in determining the chemical . 


composition of Acapulco. But herein lies 
a problem. The chemistry and 
mineralogy of the meteorite seem to have 
been determined first by nebular 
condensation, then by accretion and 
igneous processes. During the igneous 
event it is estimated that the temperature 
was about 1,100°C, yet the planetary 
noble gases *%Ar, *Kr and '3? Xe were not 
driven off. The K-Ar age of 4.7+0.3 Gyr 
indicates an uneventful history 
thereafter, until the potential meteorite 
was broken from its parent body during a 
collision some 5 Myr ago, when it became 
exposed to cosmic radiation. The cosmic- 
ray exposure age is based on the contents 
of the spallogenic isotopes He, 2! Ne and 
3 Ar. Histories such as this are not 
uncommon among stony meteorites. 
Chemically and mineralogically the 
Acapulco meteorite is certainly unusual 
and interesting, but is it really unique? 
Palme and his co-workers identify six 
meteorites, plus silicate inclusions in an 


Robert Hutchison is at the British Museum 
(Natural History}, where he is in charge of the 
National Collection of Meteorites. 


A clear example of the remarkable 
advantages of combining cellular and 
molecular analysis was presented by 
Francke (Yale University). Using a human 
insulin gene clone provided by Rutter’s 
laboratory (University of California, San 
Francisco), she showed that this gene is on 
the. short arm of chromosome 11, almost 
adjacent to the human f-globin gene. It 
may even be possible to diagnose sickle cell 
anaemia using a gene probe for insulin in 
the future! The insulin gene is of interest in 
another respect: it is one of the few genes 
(another on chromosome 14 was described 
by White, University of Utah) shown to 
have a polymorphic short sequence of 
DNA which can be inserted either in a 
variable number of copies, or in a number 
of discrete sizes, at a single position on the 
chromosome. This is another indication 
that there may be ‘transposons’ in the 
human genome, similar to those that have 
been found in bacteria and Drosophila. 

Evolution can also be studied by gene 
mapping. Not only do primates and man 





iron meteorite, which have chemical | 
affinities both to Acapulco and to = 
H-group chondrites. The only meteorite. 
of the six which has chondritic structure, 
Kakangari, is itself unique in several 
respects (Nature 251, 128; 1974; 268, 230; 
1977; and Earth planet. Sci. Lett, 40, 168; | 
1978). The remaining meteorites or | _ 
silicate inclusions differ from each other | 
in their detailed chemistry (such as total) 
Fe contents and/or Al/Si ratios), but | — 
igneous differentiation can conveniently bo 
account for differences other than. ip 
oxidation state. The oxygen isotopic data 
of R.N, Clayton and co-workers seem to 
provide the best test of inter- 
relationships. Acapulco is apparently 
related to the ‘unique’ stony-iren, 
Lodran, although the latter is richer in 
metal and greatly impoverished in 
aluminium. Finally, Acapulco most 
closely resembles an Antarctic meteorite, 
Allan Hills 77081, The Antarctic stone | — 
has over twice as much sulphide as | _ 
Acapulco, but in other chemical and) | 
mineralogical properties the match ii] 
excellent. Oxygen isotopic data were not ; 
available for Allan Hills 77081. A 
Technically, we may conclude that | 
Acapulco is different from all other 
known metecrites, although the. 
difference between it and Lodran or 
Allan Hills. 77081 may be compared with | 
that between neighbouring rocks from | 
the top of the Earth’s upper mantle. 
Philosophically, it is by studying rare or 
‘unique’ meteorites that we increase our 
knowledge of the spectrum of planetary | 
compositions and of the processes which 
took place on minor planetary bodies. 





mouse, kangaroo and, in some remarkable _ 
cases, even the fruit fly. Attardi(California _ 
Institute of Technology) gave a 
comprehensive account of the structure of 
the mitochondrial genome (the twenty- 
fifth chromosome, or ‘little brother’), 
showing not oniy its extreme economy of o 
function, but also the way in which it gives 
clues as to the evolution of living things, 
particularly by the study of the relatively : 
unsophisticated mitochondrial tRNA 
The meeting was supported by the 
Health Organization as well as l 


very "encouraging" 
beginning to take a 
control of human genetic dis 


share chromosome assignments, but these | dis: 


often hold true when comparing man with 
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from P.K. Swart 


CorAL reefs have long been recognized as 
ecosystems of special beauty and diversity. 
Also, many millions of people depend for 
their existence on reef systems, particularly 
in the Indo-Pacific region. The interaction 
between conservationists and those 
concerned with the economic importance 
of coral reefs provided the background for 


the Fourth International Coral Reef - 


symposium entitled ‘The Reef and Man’, 
held in Manila, the Philippines, from 18 to 
22 May 1981. 

The location of the conference, in the 
Philippines, marks an awareness of how 
important reefs are in the economy of this 
country. The problem to be solved is how 
man can live in harmony with the reef — 
both maintaining the stability and diversity 
of the reef environment and providing a 
livelihood for the surrounding 
populations. 

A major problem facing reefs in many 
countries is their over-exploitation to 
provide curios and souvenirs for the 
Western tourist trade. The Philippines 
appears to be the largest supplier of coral 
and shells, exporting mainly to Europe, 
Japan and America (S.M. Wells, Species 
Conservation Monitoring Unit). The 
removal of coral not only destroys the reef 
but selective cropping of molluscs, such as 
the Triton, may have a role in the 
population explosion of coral predators. 

There has been much publicity given 

over the past decade to the problem of 
Acanthaster planci (the Crown of Thorns 
starfish) and there is indeed no doubt that 
certain areas of the Great Barrier Reef are 
being subjected to renewed infestation. 
There is controversy over whether the 
animal is.a specialized R-strategist whose 
population is out of control as a result of 
some as yet unidentified influence, 
conceivably brought about by man’s 
activities, or whether the outbreaks are 
natural. cyclical phenomena. A.M. 
“Cameron. (University of Queensland) 
-argues that while cyclical outbreaks are 
‘common in herbivores, they are undocu- 
mented in carnivores. In light of the 
apparent problems of controlling A. 
planci, outlined by R.A. Kenchington 
(Great Barrier Reef Marine Park 
Authority), further research is needed to 
locate vulnerable areas in its life cycle and 
to establish whether outbreaks are indeed a 
cyclical phenomenon. 

Perhaps the most confusing aspect of 
coral reefs is the apparent diversity of coral 
species. The phenotypic plasticity of corals 
has caused countless taxonomists to add to 
the confusion by creating many 
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synonymous species. At last some 
Australian taxonomists are recognizing the 
problems which face the non-taxonomist 
working with corals and eventually a usable 
key for all genera and species may be 
developed. A prototype for one of the 
more complicated genera was presented by 
C.C. Wallace (James Cook University, 
Australia). 

Two aspects well covered in the con- 
ference were reproduction and coral inter- 
actions. Both may be important in shaping 
coral communities, although distinct 
doubt was cast on the role of coral—coral 
interactions by R.H. Bradbury (Australian 
Institute of Marine Sciences). He does not 
dispute that coral interactions occur, but 
the analysis of data collected by himself 
and others showed no evidence of the role 
of such interactions in shaping coral com- 
munities. However, his opinion is not held 
by everyone, even those working from the 
same institution. 

Data presented on coral reproduction 
indicated variability in reproductive 
strategies by both sexual and asexual 
means. Asexual reproduction by frag- 
mentation appears to be important in some 
species of Acropora and Porites, and a 
hitherto unknown method of asexual 
reproduction, termed ‘polyp bale out’, has 
been documented in Stylophora pistillata 
(P.W. Sammarco, Australian Institute of 
Marine Sciences). In this latter method, 
individual polyps appear to abort the 
original colony, each one forming a new 
clone. 

The most significant phenomenon 
occurring in coral reefs, calcification, was 
the most ignored at this conference. 
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THE BRITISH ASSOCIATION 
The Fifty-first Annual Meeting of the British 
Association was opened yesterday under the 
presidency of Sir John Lubbock, Bart., 
M.P,. F.R.S., at York, the birthplace of the 
Association fifty years ago (September 27, 
1831). 

Many cities have received the Association 
twice, but few three times. York will now be 
one of the latter. The local committee have 
issued an extremely useful programme of 
their arrangements, which contains articles 
on the zoology, botany, and geology of the 
neighbourhood, and a description of the 
various excursions. An interesting article on 
“The York Founders of the Association” is 
contributed by Archdeacon Hey. An 
exhibition of art and industrial produce, and 
a collection of scientific apparatus, will be 
open during the week. Four excursions are 
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Despite the passage of over two decades 
since Goreau proposed a hypothesis for 
calcification in corals, little progress has 
been made on the crucial questions of how 
calcium is transported to the sites of 
calcification and, even more 
fundamentally, where these sites are. 
Similarly the role of the endosymbiotic 
dinoflagellates is still uncertain. A 
combined approach is needed to answer 
these questions as corals are both 
geological and biological entities, and all 
too often scientists in one discipline will 
disregard through ignorance evidence 
provided by the other science. For 
example, how are trace elements 
incorporated into the skeleton and are their 
concentrations different from inorganic 
precipitates? Some workers (B.E. Brown, 
University of Newcastle, and R.E. Dodge, 
Nova University) have reported that corals 
from apparently polluted areas have 
skeletal compositions similar to open 
oceanic ones, thereby casting doubt on the 
idea that corals accurately reflect oceanic 
chemistry. 

Since the first Coral Reef Symposium 
held in Manapam, India, in 1969, the 
number and interests of reef workers have 
grown enormously. Consider alone the 290 
papers given in four parallel sessions at this 
symposium as opposed to the 37 at 
Manapam. This growth of coral reef 
research has been reflected in the 
formation of the International Society for 
Reef Studies whose journal ‘Coral Reefs’ 
will appear next year. The coral reef 
community look forward to the Fifth 
international Symposium to be held in 
Tahitiin 1985. O 


organised for Saturday, September 3: to 
Scarborough; to Castle Howard; to Helmsley 
and Rievaulx; and to Brimham Rocks and 
Harrogate. On the following Thursday there 
will be seven excursions: to Bolton Abbey and | 
the Strid: to Cleveland; a coast excursion; to 
Gristhorpe, Speeton, and Scarborough; to 
Whitby; to Wensleydale; and to Aldborough 
and Boroughbridge. Among the more 
important manufactories which will be 
visited are the telescope works of Messrs. 
Cooke and Sons, the workshops of the North — 
Eastern Railway, the York glass works, and 
some extensive confectionery works. 
Naturalists will be glad to learn that the 
county possesses a fauna which comprises 
§13 out of the 717 British Vertebrata, viz. 46 
mammals, 307 birds, 12 reptiles, and 148 
fishes. It also furnishes 71 per cent of the 
British flowering-plants and ferns. 
Geologically the county consists of rounded 
Chalk Hills, Oolite overlying the Lias, Trias 
convered with glacial drift and alluvial 
deposit, and a narrow band of Permian 
strata. Many opportunities will be afforded 
to members of studying the geology of the 
district. 

From Nature 24, 401, 1 September, 1881. 
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The BA — and science — in retrospect 





The afternoon of 2 September at this year’s 150th anniversary meeting of the British Association at York was given E 





over to a retrospective view of science. The following are extracts from the addresses at that symposium. 


Medicines then and now 


DR Laurence 


WHILE it is certainly-true that prevention is 
better than cure and it may also be true that 
the medical profession. and society have 
given too little attention to, and invested 
too few resources in prevention, I have no 
doubt that enormous numbers of people 
will indefinitely continue to fall sick. We 
may well have neglected preventive 
medicine, but the sick person is unlikely to 
be immediately interested in that. 
Medicines have always been a major 
vehicle for treating the sick and are likely to 
remain so. And- a modern scientific/tech- 
nological. society will seek to make 
medicines. more efficient by improving 
those it has and by finding new medicines. 
Although Iam a clinical pharmacologist, 
in principle, Lam against medicines; we 
ought not to need them. In theory, nobody 
in his right mind takes into his body foreign 
chemicals (that are not nutrients) unless he 
has no option. But in real life we know it is 


very different. The great Sir William Osler, 


Professor of Medicine successively at 
universities in Canada (McGill), the United 
States (Philadelphia, Johns Hopkins) and 
at Oxford, wrote in 1894: ‘‘But know also, 
man has an inborn craving for medicine 

.. It is really one of the most serious 
difficulties with which we have to 
contend’’. 

Can medicines do good? Yes, you have 
all heard of penicillin. Can medicines do 
harm? Yes, you have heard of thalidomide. 
Do medicines do more good than harm? 
Yes they do, and the insatiable appetite of 
the public for medicines demonstrates that 
this is a view generally held, despite a vocal 
dissenting minority that tells us that the 
public is being conned by the medical profes- 
sion and pharmaceutical companies. 

With medicines, we are in the business of 
getting benefits of a peculiarly important, 
intimate, personal kind, without doing 
harm. The whole idea of risking harm when 
all we want is to escape discomfort, pain, 
misery or physical disability, is repugnant. 
We resent it, but if we demand the benefits 
and refuse to accept the risks, we refuse to 
accept reality. Such a refusal is alarming in 
supposedly mature adults, though I 
suppose it is human nature. 

The major contribution of medicines is 
principally to the quality of life, though 
quite often they cure and in doing so save 
lives. Medicines are the very ideal of utility, 
which is specially gratifying to a member of 
University College, London — an 
institution founded shortly before the 
British Association by the utilitarian 


philosopher Jeremy Bentham. He 
propounded the principle of utilitarianism 
-— that a thing is to be judged for its utility 
according to its capacity to promote the 
greatest happiness of the greatest number. 
This is what drug science, pharmacology, is 
all about — the greatest ‘happiness’ or 
well-being of the greatest number. 

But pharmacology is also the study of the 
effect of chemicals on living tissues, so if we 
are to discover and use medicines for 
maximum benefit with minimum risk, we 
must understand not only the substance 
but also the patient and the disease. So 
what was the position in 1831? Not good. 
Generally, a medicinal desert with a few 
oases — mercury for syphilis, quinine for 
malaria, digitalis for heart disease, opium 
for pain — discovered by chance and blind 
empiricism. Here is a characteristic passage 
on tuberculosis from a manual of 


therapeutics of 1832: 
if... the symptoms announcing the first 
stage of phthisis show themselves ,. . we 


must seek to lessen the pulmonary 
congestion by the moderate abstraction of 
blood . . . through dry cupping and bathing 
the feet in hot water, and by the use of 
demulcents, refrigerants and aperients; the 
cough may be quieted, in some degree, by 
opium ... and sulphureous baths. Other. 
remedies include ipecacuanha in emetic 
doses, inhalation of vapour of tar or ether. 
After more of this the author concludes, 


‘tand when the larynx has become affected 


. . we can only deplore the insufficiency 
of ourart’’. 

On 30 September 1846 in the Ether 
Dome at the Massachusetts General 
Hospital. in Boston. ‘‘In the gallery, 
sceptical spectators gathered for the news 
had spread that a second-year medical 
student had developed a method. for 
abolishing surgical pain’’. It was a success. 
The strong men to hold down the 
struggling patient were not needed. Within 
4 weeks ether was used in London where the 
surgeon declared, ‘‘This Yankee dodge, 
gentlemen, beats mesmerism hollow”. 

Ether had first been made by empirical 
chemical experiment in 1540 and it is 
chastening to think of the intervening 300 
years of agony under surgery as well as of 
the restriction of the range of surgery due 
to the imperative need for speed. With 
ether the surgeon had time for careful 
work, and with the advent of techniques 
excluding bacteria (asepsis) and 
antibacterial drugs to be used when 
infection was not avoidable, the wonders 
of modern surgery became possible. .. 







We come, therefore, to the years around: 
the turn of the century. In 1899 as 
(acetylsalicylic acid) was introduced 
medicine. This is a most extraordinary 
drug. It derives from observations that can 4 
only be described as a mixture.. of 4 
superstition and serendipity. In mids- 
eighteenth century England, after. the : 
introduction of Peruvian bark (which — 
contained quinine) which was good for 
malaria, the bark of native trees was _ 
explored, especially those growingindamp _ 
and ‘malarial’ places. A clergyman tasted _ 
the bark of the willow tree and found it 
bitter, like Peruvian bark. The bitterness 
was due to the glycoside salicin which- 
yields, following a series of reactions, . 
sodium salicylate and eventually aspirin. 

Aspirin soon became the standard home __ 
remedy for aches, pains and fevers. Itisstill 
important in rheumatoid arthritis and _ 
rheumatic fever. Following the brilliant 
analysis of its mechanism of action on a 
cellular enzyme (prostaglandin synthetase) _ 
that mediates tissue inflammatory and _ 
painful responses to injury, its use has now. 
extended to the prevention of heart attacks 
by its action modifying the stickiness of the — 
cellular element of the blood (platelets), the | 
function of which is to stop bleeding from’. 
damaged blood vessels. Low doses ofo 
aspirin have been shown to reduce the _ 
incidence of second attacks of coronary _ 
thrombosis. Thus aspirin, after 80 years is- 
still, as a result of scientific investigation of 
the biochemistry of the body, finding new = 
uses, But the same mechanism of action is 
not useful in the stomach. In patients. 
taking aspirin daily, there can be a steady — 
daily loss of as much as 5 ml (one | 
teaspoonful) of blood. Thus aspirin has 
benefits that can be valuable, and risksthat 
can be serious, but as far as I know, nobody 
seriously wants to stop its sale to the public. — 

Soon after aspirin was introduced, — 
perhaps the greatest medical scientist of all - 
time, Paul Ehrlich, was making a scientific 
revolution. He wrote: A 
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solely the. effect we want. We study, down 
to molecular level, the function of normal 
and diseased tissues, by finding out how 
they work biochemically, and then we 
make substances that selectively mimic or 
antagonize the chemical mediators of 
natural or diseased functions of the body. 

Three other dates demand mention in 
this survey of 150 years: 

@ In the 1890s, following the early studies 
of the physiology of endocrine glands, 
therapy for thyroid gland deficiency 
(hypothyroidism) was started by oral 
administration of sheeps’ thyroid ‘‘lightly 
fried with currant jelly’’. This restored the 
wretched victims to complete health and 
normal life. Nowadays the pure hormone 
(thyroxine) comes as a small white tablet. 
@ ii January 1922, when insulin 
(obtained from animal pancreas) was first 
administered to man. A diabetic physician 
who escaped an early death as a result of 
the discovery of insulin, wrote in the 1925 
preface to his standard book The Diabetic 
Life: ‘‘Five years ago the Diabetic Death 
would have been a more suitable title for 
such a book as this. . . There is no reason 
now why a diabetic should not lead a long 
and normal life’’. 

ẹ In 1960, the thalidomide disaster 
dramatically revealed the full horror of 
what can happen when foreign chemicals 
are introduced into the body, and has been 
chiefly responsible for the massive systems 
of government regulation of new and old 
drugs now in operation. It is notable that in 
Britain the principal advisory body is 
named The Committee on Safety of 
Medicines, reminding us constantly of the 
chief stimulus to government intervention. 

But why must we accept risks? Why 
cannot they be eliminated? One reason is 
that the chemical transmitters that mediate 
body function are released by nerve 
endings right at the cell designed to 
respond; their release is extremely precise 
and localized. This allows similar 
communication mechanisms to be 
employed in widely different systems. 
Important enzymes, though localized in 
cells, serve different functions in different 
tissues. When we swallow a medicine 
designed to affect say, inflammation in the 
joints, we flood the body with it. We lose 
selectivity. Although ingenious scientists 
are attacking this and other problems, we 
cannot soon expect drugs that will do only 
what is wanted and nothing else. 

To anyone who demands totally safe 
drugs, or that drugs be proved to be totally 
safe before they are introduced into 
medical practice, | would say three things: 
è Youcannot have such safety, the option 
is not available, any more than it is 
available for cars, aircraft or domestic gas 
and electricity installations. 

@ Consider the consequences of turning 
your back on anaesthetics, antibiotics and, 
yes, on tranquillizers, as well as on modern 
transport, or domestic amenities. 

è The whole of lifeis a benefit: risk state in 
which we seek to maximize the one and 
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minimize the other. 
‘What then should a society, accepting 


the reality that medicines carry risks of 
even serious harm, say to the individual 
who has suffered that harm? In principle, 
society should care for its disabled 
members according to their need, and not 
selectively according to the cause of their 
disability. But society has shown its 
intention to be selective and to give extra 
support to cases it deems specially 
deserving — industrial injuries, criminal 
injuries and now injury due to vaccines 
when these are used according to 
government policy (but not otherwise). 
The notion that compensation is given for 
an injury due to an attempt to avoid disease 
and not where injury is due to the disease 
itself points to the essential irrationality of 
selective compensation. 

If we are to compensate for drug injury, 
should we not compensate for injuries due 
to other forms of treatment (surgery) or 
even for the ‘‘accident’’ of disease? 
Piecemeal warm-hearted but unthinking 
demands for special treatment of special 
cases can lead to a hierarchy of disabilities 
in relation to the support they get. There 
will be anomalies and injustices, and 
bitterness on the part of those at the 
bottom of the heap — those born disabled 
with no attributable cause, for example. Is 
this what society wants? 

Liability 

Nevertheless there seems no doubt that 
society intends to have a special scheme for 
drugs. So what might be done? For drugs 
prior to licensing for general use, there 
should be strict liability on the manufac- 
turer. For drugs licensed for general use 
there should be a no-fault scheme centrally 
funded by the parties involved. 

The implementation of a sensible and 
manifestly fair scheme will do more to 
promote public understanding than any 
amount of exhortation. But a word of 
caution. There is a natural human tendency 
to seek to place blame for personal 
misfortune outside ourselves. All disability 
that occurs when taking a drug is not 
necessarily due to the drug. Ordinary 
fairness dictates that special compensation 
be given only in cases where the cause can be 
firmly established, because if this is not done 
we shall have created what is hardly more 
than a lottery. 

I would now like to offer two 
contemporary examples of the application 
of science to the discovery of new drugs. 
Excessive production of stomach acid is 
known to be a factor in the commonly 
occurring duodenal ulcer, a notoriously 
recurrent and exceedingly unpleasant 
condition which can also kill. Recurrent 
cases can be offered an about 80 per cent 
chance of cure by surgery. One in 200 
patients dies as a result or 10 in 200 if the 
operation is done as an emergency. So, cure 
is likely but cannot be guaranteed. But life 
with the disease can be intolerable or 
threatened. 
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The pharmacological approach is to 
discover the biochemical basis for stomach 
acid secretion and to make substances that 
will selectively interfere with this process. 
This has been done. Cimetidine (Tagamet) 
relieves ulcer pain and induces healing. 
When the drug was introduced in 1976, 
there was an immediate 39 per cent drop in 
surgical operations for duodenal ulcer. But 
questions remain to be answered. Does 
cimetidine eliminate, or merely postpone, 
the need for surgery? Used continuously, 
can it prevent indefinitely relapses in this 
notoriously relapsing condition? Is it safe 
to use it indefinitely? 

The answers cannot be found in the 
laboratory, but only by studying what 
happens in large numbers of patients over 
years. Does this mean that medicines are 
offered to sick people without knowing 
what all their effects will be? Yes, it does. 
Does this mean that large-scale experiment 
is being done on people with duodenal 
ulcer? Yes, it does. Is it better to take 
cimetidine or to have surgery for relapsing 
duodenal ulcer? We do not know. Woulda 
known death rate from the drug be 
acceptable? I suspect not, but I cannot tell. 

My second example of scientific drug 
development is that of a new skeletal 
muscle-relaxing drug, atracurium. The 
work of the surgeon is eased if our muscles 
are relaxed, especially in abdominal and 
thoracic surgery. To achieve this with 
general anaesthetics means heavy dosage 
with substantial depression of phy- 
siological functions and increased risk of 
complications and to life itself. How much 
better to paralyse the patient, to use 
artificial respiration, and then light drug- 
induced sleep? But the drugs used to, 
paralyse the patient all have disadvantages, 
especially in people with poor kidney, liver 
or circulatory function. 


Collaboration 


How much better it would be, then, if there 
were a drug that was eliminated at a 
predictable rate. Collaboration between 
the University of Strathclyde and the 
Wellcome Foundation Limited has re- 
sulted in just that. Under the mildly 
alkaline conditions of the body and 
assisted by body temperature, the 
atracurium molecule splits into inert 
substances so that its action is terminated. 
By skilful science and molecular mani- 
pulation, a substance has been chosen that 
has the right duration of effect with rapid 
recovery. No physiological process of the 
body is required; drug action is the same 
whether the patient’s liver, kidneys and 
circulation are normal or diseased or 
merely aged. The invention is brilliant. 
atracurium exemplifies academic- 
industrial collaboration at its best. 

My final topic is a scientific advance of a 
different kind. It began in the eighteenth 
century, was developed in the late 
nineteenth century and flowered under the 
impetus of Sir Austin Bradford Hill in the 


1940s. Itis the accurate measurement of the 





Nature Vol. 293 3 September 1981 


— 





efficacy and safety of medicines. If we 
cannot put numbers to the benefits and to 
the risks of medicine we cannot make 
rational choices. 

Many medical people, Bradford Hill 
points out, felt ‘‘that there must be some 
necessary antagonism between the clinical 
assesment of a few cases and the ‘cold 
mathematics’ of the statistically analysed 
clinical trial dealing with a larger number’’. 
But doctors who rely on clinical im- 
pressions are also experimenting on their 
patients, but in an unreliable manner. 

Bradford Hill taught us to understand 
the value of the controlled clinical trial. It is 
a device of use when we truly do not know 
whether treatment A is better or worse than 
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treatment B. I have met people who find it 
hard to believe doctors when they say that 
they really do not know. But doctors 
frequently do not know. 

What of the next 150 years? For disease 
for which we currently have medicines I see 
better medicines. For diseases at present 
untreatable I see new medicines. But I do 


not see the elimination of hazard, though I 


do see better methods of detecting and so 
of minimizing it. So just as most of us 
recognize the dangers of motor cars and 
aeroplanes and gas and electricity in the 
home but use them thankfully, we should 
also applaud drugs we now use to attain the 
Benthamite objective of the greatest 
happiness for the greatest number. m 


Zoological ideas 1831-1981 | 


A.J. Cain 


ALTHOUGH it would be an injustice to some 
great men (Linnaeus, Bonnet, Trembley, 
Spallanzani, Buffon, Harvey and Haller, 
for example) to say that there was no 
modern biology before 1831, it would not 
be a great injustice. And since one could 
not survey even the present state of the 
subject, how much less could one give a 
history of its development. So I shall look 
at some of the leading ideas and the major 
developments, using the state of the science 
as seen in about 1831, 1881, and 1931. 

There is an cbvious difference between 
the inorganic and the natural historical 
sciences in 1831. There was already an 
approach to coherent bodies of theory in 
the inorganic sciences; experiments could 
be devised to answer particular questions. 
It has become continually so much more 
obvious ever since that philosophers often 
take physics as the paradigm of all sciences. 
It was simply not true in biology at that 
time. There was no cell theory, no adequate 
formulation of homology and analogy, 
although Cuvier’s theory of types was 
enthusiastically hailed by Dean Buckland 
at the Oxford meeting in 1832, in words 
which sound rather odd today. 


It was the genius of Cuvier that first 
established the perfect method after which 
every succeeding naturalist will model his 
researches; and which laid the foundation of 
that analytical process of investigation, of 
that most philosophical and accurate and 
uniform system of reducing every organ in 
every species to a fixed and certain type, 
which will enable his followers to extend 
their enquiries over the almost boundless 
regions of the organized world. 


The contemplation of the simplicity of the 
types, and the real unity within diversity 
which they reveal, inevitably led Buckland 
to the conclusion that they were framed 
and fashioned by the same Almighty hand. 

There was, of course, a theory of 
evolution, Lamarck’s, but it was largely 
disregarded, for scientific as well as 
religious reasons. There was also, newly 
available, that most important theory of 
the uniformity of nature by which Charles 


Lyell was refashioning the science of 
geology; but the gulf between living things 
and the physical world was so vast that it 
took many years for its significance to be 
seen in biology. 

But if the plan of creation were of divine 
origin, there must be some thorough-going 
order amidst all this bewildering diversity 
of living things. Louis Agassiz had his own 
special ideas on this subject, relating the 
major groups to major developments of 
the animal functions (British Association, 
Dublin, 1835). The entomologist W.S. 
Macleay, on the other hand, had discovered 
that the animal kingdom was based on the 
number 5: there were 5 species to each genus, 
5 genera to each family, and so on; moreover 
in each genus, one species was typical and two 
departed from it in the directions of the two 
neighbouring genera. Others thought that the 
number 7 fitted the facts better, and a 
mycologist plumped for 10. 

Let this be an object-lesson to us all never 
to laugh at outmoded ideas; these exercises 
completely failed to achieve their ends, but 
in the course of them the distinction 
between what Macleay called affinity and 
analogy was realized and refined by 
Richard Owen (1840) into the distinction 
between homology and analogy. 
Moreover, in Hennig’s system which is 
sweeping the museums of the world at the 
present day, all evolution is dichotomous. 
(After all, it is the number 2). 

On development, there was a conflict of 
theories. S.D. Broughton at the second 
meeting of the British Association, came 
down firmly on the side of the epigene- 
ticists when discussing the development of 
the ovum; he also showed that muscle 
fibres were continuous fibres, not rows of 
globules as some microscopes made them 
out to be. But there were no great synthetic 
ideas. On the physiological side, there 
could hardly be. 

Looking over the literature of this time, 
one is impressed with the intellectual 
capacity and energy of the zoologists, 
physiologists and palaeontologists — they 
were no more fools than we are (and 
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probably no less). What limited them? H 
was certainly not lack of ideas nor a neglect 
of phenomena. Preconceived ideas were 
important blocks -—- the idea, from 
Aristotelian logic that individual variation 
was accidental (in the logical sense) and 
therefore had nothing to do with the 
essence of a species {in the logical and 
biological senses) prevented most educated 
people from taking individual variation as 
anything other than a nuisance. Unfor- 
tunately, historians of science who have 
trained as historians or philosophers are 
not capable of assessing the limitations 
imposed by non-existent techniques. 

Yet, probably, the biggest single 
hindrance to the biological sciences in 1831 
was the lack of techniques. Biology is 
peculiarly a subject in which magnification 
is important in revealing and checking 
complexity of structure and function. But 
the extraction, purification and 
identification of the numerous types of 
molecules composing the living body is 
equally important, as is the development of 
experimental techniques which allow the 
living animal to be investigated. All this 
could advance only with the necessary 
developments in physics, chemistry and 
technology. 

Sheer discovery sustained the deve- 
lopments of the next fifty years. Whereas in 
physics {perhaps not in astronomy), the 
role of simple discovery unguided by 
theory has shrunk almost to nothing, it 
plays even now a noticeable part in the 
natural history sciences. Discovery is too 
intractable for philosophers of science to 
make anything of, and it has been 
undervalued in consequence. 


After Darwin 


By 1881 the zoolegical scene had changed 
enormously, but not quite out of all 
recognition. The exploration of the living 
and fossil worlds was going on as it is 
today, but Darwin had published On the 
Origin of Species, Wallace his 
Geographical Distribution and there was a 
flood of works in physiology, repro- 
duction, and embryology. Microbiology 
was a science with practical applications, 
the cell theory was established, and 
preformation in its older sense had gone the 
way of spontaneous generation — a few of 
the older controversies were actually settled. 

What the nineteenth century did not 
bring forward, however, was almost as 
striking as what it did. Although there was 
a vast amount of work on plant and animal 
breeding, the science of genetics did not 
emerge and for good reasons. In plant 
breeding the role of insects in fertilizing 
flowers had not at first been realized, nor 
the complications in some species of 
apomixis {with no true crossing) and in 
others of crossing diploids with high 
polyploids, giving a ‘‘preponderance”’ of 
maternal or paternal characters; in animals 
most of the characters employed were 
highly polygenic and often susceptible to 
environmental influence. 
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Such contradictory results were 
obtained that no-one knew what to believe. 
It is not in the least surprising that Mendel’s 
work was overlooked; it is surprising that 
the value of it was realized as early as 1900. 

On the Origin of Species came between 
the 1831 and 1881 meetings; between 1881 
and 1931 we have such a mass of 
developments that no one work can 
possibly stand for them by any sort of 
metonymy, nor indeed would one expect 
such a phenomenon; in this century big 
books are common, great books very rare, 
and advances are made in the scientific 
journals. Apart from the massive 
developments in physiology, such as the 
discovery of hormones and vitamins, there 
is that sudden outburst of superb 
experimental work, mainly Belgian, in 
embryology which produced the fate maps 
of Vogt, and the concepts of evocation and 
induction; blood groups begin roughly 
with Landsteiner in 1900 and immunology 
starts on its meteoric course; X-ray 
diffraction is applied to biological 
materials. Evolution went into the 
doldrums; in 1909, the half-centenary of 
the Origin, many people were prepared to 
accept that it had occurred but few would 
believe in natural selection. Comparative 
anatomy was, if not worked out, at least no 
longer exciting the best minds. Ecology was 
just beginning. The two greatest 
developments were almost the whole 
science of genetics, and statistics as applied 
to biological problems. The old phi- 
losophical stumbling-block of induction 
was at last removed. It is characteristic of 
the mode of advancement of science that 
the rediscovery of Mendel’s work 
provoked a strong reaction against 
Darwin’s minute variations and it took 
twenty years and a rather too vigorous 
controversy to reconcile them. 


Centenary 

At the centenary meeting in London 
(1931), the president, J.C. Smuts, gave an 
address on ‘‘The scientific world picture of 
today’’ in which he took the new 
indeterminancy and relativity of physics, 
converted them into a philosophy of the 
wholeness of the organism and assimilated 


the whole Universe, living and non-living, . 


to it. In doing so he explicitly rejected the 
nineteenth century determinism of his great 
predecessor Tyndall’s famous address to the 
British Association in Belfast (1874). Both 
these addresses show the baleful effect of 
undigested physics on biology, but its 
influence goes back much farther than the 
eighteenth century. Newton remarked that 
if the complexities of the heavens could be 
governed by a single short equation, the 
actual basis of nature might be simpler than 
anyone had realized. 

In Section D at York (1932) the then 
Lord Rothschild gave a good account of 
work on geographical variation and 
speciation. Speciation was a problem 
untouched by the Origin and was one of the 
main ingredients in the neo-Darwinian 
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synthesis of the 1930s and 1940s. The 
discussions in 1931 in Section D included 
evolution, vertebrate embryology, 
population, classification with reference to 
phylogeny and convergence, variation and 
genetics, the past and present of the over- 
fishing problem and insects and human 
welfare. Huxley had been scathing about 
irresponsible phylogenizing in 1881, just as 
Medawar was in 1951 in Heath’s Scientific 
Thought in the Twentieth Century. 

From 1931 to the present day, I hardly 
need to catalogue the major advances. We 
have now as great a uniformity throughout 
the living world in intracellular metabolism 
as Darwin produced for whole animals by 
the concept of evolution. But perhaps the 
most spectacular conversion of a subject 
from anecdotes to science is in animal 
behaviour (ethology). 


Species 
The species problem has been broken up 
into its constitutent parts -— there are 


several sorts of species, and several modes 
of speciation; the attempt to find a single 
solution to heterogeneous phenomena is 
always disastrous in science. And the old 
problem of spontaneous generation, dead 
and done with in its Pasteur-Pouchet 
form, has reappeared in a totally different 
context, the origin of life, with a real 
prospect of experimental investigation. 
Geographical distribution has been revo- 
lutionized by plate tectonics, and by the 
mathematization introduced by Macarthur, 
Wilson and others. 

If there is a problem left over from 1831 
and still unsolved, it is indeed the 
recognition of ‘‘true affinity’’, now usually 
called phylogenetics. The latest scheme, by 
Hennig, is constructed entirely from the 
comparison of characters. The amount of 
difference between forms is directly 
proportional to the age of their common 
ancestor (the further apart, the earlier the 
ancestor) as if rates of evolution were 
constant. All evolution is dichotomous, so 
that if for any group one can identify its 
sister group, then their common ancestor 
can be constructed according to set rule. 
And, most remarkable of all, convergence 
has not occurred unless it can be shown to 
have occurred; this is said to be a heuristic 
principle, without which the basis would be 
removed from phylogenetic systematics. 

Now convergence is being found in all 
sorts of examples, even where we cannot 
say exactly which characters have 
converged. And it is forms already closely 
related which are most likely to converge, 
yet in them it is most difficult to tell which 
are shared ancestral characters and which 
are convergent. The only thing Hennig has 
said that is right is that speciation is 
dichotomous, simply because however 
many populations of a species are 
progressing towards species status, it is 
formally inconceivable that any two should 
reach it simultaneously; but if several do 
within the space of a hundred years, one 
could never detect their order of doing so 





on the usually available taxonomic 
evidence. Moreover, simple dichotomy 
cannot apply to higher groups, to which it 
is usually applied. Yet this ridiculous 
scheme is now being used to reorganize 
exhibits in museums around the world — a 
striking example of unreason in science. 

Unreason is rife enough in the world 
outside science. In the past twenty years we 
have seen a remarkable recrudescence of 
religious antipathy to evolution. From a 
different religion have come some intense 
efforts to prove that natural selection has 
little importance in evolution. A classic 
example was the denial on the basis of a 
priori principles, simplistic mathematics 
and a total refusal actually to investigate 
the question experimentally, that isozyme 
polymorphisms, so widespread in living 
things, could possibly be maintained by 
selection or be in any sense adaptive. 

In fact, those that have been in- 
vestigated, for example the Drosophila 
alcohol dehydrogenases investigated by 
Nottingham geneticists, are heavily 
selected for their different properties in 
different environments. Lewontin, an ardent 
supporter of non-adaptive evolution, has 
endeavoured to dismiss as British upper 
middle class activity the work of field 
investigators in this country, which has 
produced results in contradiction to his 
tenets. The only question of importance is 
whether they stand up as science. 


Too slow 


In Darwin’s time no-one worked on 
natural selection in the field because it was 
thought that evolution was so slow, it could 
not be detected. In this century few work 
on it because to get grants for research, 
results must be produced within two or 
three years, and this is long-term work of 
uncertain outcome. If universities are 
reduced to poverty, and forced to get all 
money for research from the government, 
then such work will become as impossible 
in Britain as it is in the United States, and 
the major unanswered question in evolutio- 
nary studies —- the importance of natural 
selection in the wild — will continue to be 
answered by politico-religious dogmatism. 
We are closer to a total scientific 
synthesis in biology than the human race 
has ever been. No part of it is perfect, and 
we still wait for major developments in 
causal embryology and the science of the 
mind. Yet this is an age of fanaticism, 
terrorism, fundamentalism. Science has 
progressed because it depends more on the 
activities of the gifted few and the practical 
results which flow from them, in short on 
cultural evolution which can be very rapid 
in favourable areas. But the human race 
has not progressed evolutionarily in the 
past few hundred years; physical evolution 
is slow. Are we now at the breaking point 
between the two evolutions, and will the 
human race reject its own assessment of the 
world, to live in a comfortable fantasy? I 


wouldn’t believe it. C7 
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Vasculum to electron microscope 


F.R. Whatley 


IN the mid-nineteenth century, the amateur 
naturalist and botanist was important. 
Botanical expeditions, often arranged by 
local botanical societies, made major 
scientific contributions to the study of 
social as well: as scientific value. A curiously 
significant part of the equipment was the 
vasculum!, a tin box carried on a shoulder 
strap and used for collecting plant 
specimens that were subsequently 
identified and annotated, often with great 
artistry. The vasculum also doubled as a 
convenient lunch-box. 

The importance of the amateur botanist 
has decreased over the years, but the 
continuing involvement of the amateur in 
compiling local floras is significant. 
Nowadays, scientific plant collecting is 
often only part of a more highly organized 
and complicated professional enterprise. 

In the fifty years after the founding of 
the British Association, microscopes in 
Britain reached a peak of perfection with 
the introduction of the compound 
microscope with fully corrected lenses. 
Cheap microscopes became readily 
available and came to be regarded as 
desirable curiosities. However, little 
progress was made beyond the initial 
observations made earlier with the simple 
microscope’. Further development of the 
microscope became centred in Germany, 
and great advances in the knowledge of 
plant (and animal) structure as seen in the 
light microscope took place in a few 
German universities in the second half of 
the nineteenth century. The idea was 
developed that form and function could be 
correlated; there was also a tradition for 
teams of scientists to work together in 
Germany. The resulting encyclopaedic 
volumes written by Haberlandt? and others 
in the 1890s still represent a fount of 
eminently useful knowledge. The 
conventional light microscope reached its 
limits by 1900, by which time the nucleus, 
mitochondria, chloroplasts and chromo- 
somes had all been recognized as had the 
behaviour if not the significance of the 
chromosomes in mitosis and meiosis. 

Observations on living material are 
limited by the degree of contrast. The 
advent of chemical dyes made the staining 
of tissues possible. The development of the 
Mendelian hypothesis and the theory of 
genes led to a search with stained material 
for the carriers of the genes and their 
identification as the chromosomes. The 
introduction of the fluorescence 
microscope** has allowed other organelles 
to be identified and characterized. The 
phase contrast microscope when properly 
set up allows examination of living 
material. However, the light microscope is 
limited by the wavelength of light. Within 
the past 40 years this limitation has been 
overcome by the development of the 
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transmission electron microscope, which uses 
a beam of electrons at 50-100k V (refs 2,4). 
The use of the electron microscope as a 
tool in biology depended on new methods 
of fixing tissue, the selection of suitable 
heavy metal stains to give adequate 
contrast and the development of 
embedding materials and of knives capable 
of cutting ultra-thin sections. The internal 
fine structure of many of the organelles 
previously recognized by light microscopy 
has been revealed and the nature of their 
membrane systems made clear. 
Microtubules and previously unknown 
membranes and other structures have also 
been identified. The scanning electron 
microscope is of particular importance in 
the investigation of surfaces and, of 
taxonomic significance, “‘large’’ objects 
like pollen grains. The development of the 
transmission electron microscope to 
extremely high voltage (1,000kV) offers a 
new technique for the examination of 
‘“‘thick” sections (1-5 ym) which, when 
observed as stereoscopic pairs, can give a 
magnificent indication of the three- 
dimensional distribution of organelles. 
Developments in plant physiology have 
also depended on the availability and 
application of new techniques, as 
illustrated by studies of photosynthesis. 
Before 1831, the basic features of this 
fundamental process had been established 
by the work of Priestley, Ingen-Housz, 
Senebier and others. There then followed a 
long hiatus until the application of 
interrupted light sources by Blackman 
shortly after 1900 allowed the 
identification of light and dark reactions 
and set the scene for the further analysis. 
Biochemical work established the 


evolution of oxygen by isolated chio- 
roplasts (the Hill reaction), the path of 
carbon (the Calvin cycle -— which 
depended on the availability of *CO,), the 
features of phctosynthetic phospho- 
rylation (in Arnon’s laboratory) and the 
existence of two light reactions. Current 
work is largely concerned with contral 
mechanisms in photosynthesis, much of it 
of physiological importance to agricultural 
productivity. 

Darwin’s voyage on the Beagle in 1831, 
the implications of which are still causing 
reverberations in the literature, was in the 
tradition of the earlier explorers such as 
von Humboldt, who were mainiy 
concerned with describing the marvellous 
new species, plant and animal, to be found 
in lower latitudes. The monumental work 
of Schimper’, based on observations of 
many expeditions made in the nineteenth 
century, correlated the distribution of 
plants with the habitats in which they are 
found and stimulated interest in more 
localized plant distribution within the 
temperate zone. In the early 1930s, 
Clements in the United States and, later, 
Tansley in Britain were among the earliest 
proponents of the new science of ecology. 

With increased awareness of the inter- 
dependence of plants and animals and their 
habitats there has been an increase in public 
concern about species conservation and the 
dangers of pollution. It is these aspects of 
botany which for today’s amateur scem to 
have replaced the Victorian prsorsupahon 
with collecting. 
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Sociology — another 150 years? 


Philip Abrams 


SOCIOLOGY springs from the wish to do 
something about the dreadful state of the 
social world — even if only to understand 
it. Its special characteristic is the hope of 
rooting whatever it does in knowledge 
sufficiently cogent, disciplined and 
Objective to pass as science. What 
distinguishes sociologists from other 
socially-concerned citizens is the attempt to 
achieve some demonstration of the science- 
like nature of their statements about the 
social world. Unfortunately, that 
distinction does not save them, as it saves 
those who wish to make science-like 
statements about microbes, or planets or 
fish, from also being part-and-parcel of 
their own object of study. The problem for 
sociology is not that of being a science like 
other sciences but of being a science 
appropriate to the peculiar nature of the 
social and of sociology’s own place in it. 


As it happens, 183] was quite a 
significant year for sociology; the problem 
of the relationship between social 
knowledge and social action was first 
clearly seen as a problem and defined, 
albeit mistakenly, as a problem of science. 
The reasoned analysis of carefully gathered 
and ordered empirical evidence about 
society was already widely practised. Such 
work was something that might Be 
expected of anyone who wan a 
contribute seriously to the discus: 
matters of state or the condition of society. 
There was in the 1820s a certain unity of 
inquiry, analysis and government. By 1831, 
however, as politics became more open, 
pluralistic and contested it was a crumbling 
unity. Social inquiry and analysis came to 
be seen as controversial and problematic; 
their relationship to government, and to 
purposive social action in general, could no 
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longer be taken for granted; facts ceased to 
speak for themselves; their very status as 
facts was called into question. 

By 1831, the idea of social science had 
also appeared but in the form of a radically 
empiricist activity. Social inquiry was 
recognized as scientifically legitimate only 
to the extent that it involved the 
accumulation of facts. Social science was a 
passive resource for government, 
something that ‘‘neither discussed causes 
nor reasoned upon probable effects but 
sought only to collect, arrange and 
compare’ facts. It was on that basis that 
Professor Whewell condescended to admit 
statisticians to the British Association. 

By 1881, that conception of a tidy 
division of labour between fact and action, 
social scientist and statesman, had 
collapsed. The search for facts — for 
example, about the drinking habits of the 
working classes — had made the world 
more complicated and all courses of action 
more controversial. The empiricist idea of 
social science began to fragment. 
Determined empiricists turned towards 
better methods of recording facts, mainly 
towards refinements of statistical 
technique. But other voices called for a 
more overtly theoretical social science. 

By 1881, the appetite for a general 
theory-based science of society had found 
vigorous expression: it had even been 
defined as sociology. Thus, at a time when 
eminent natural scientists were seeking to 
evict economics and statistics from the 
British Association on the ground that they 
were manifestly not sciences, we find the 
president of Section F urging his peers to 
turn to sociology to make good the 
scientific defects of their own work. They 
ignored his advice, and in one important 
respect they were right. The prospect J. K. 
Ingram held out to them of sociology as a 
positive science reproducing the logic and 
method of the natural sciences was to prove a 
calamitous blind alley. 


Hypnotic attraction 


A hundred years after the publication of 
The Wealth of Nations, economists had 
failed to convince the scientific community 
of their own scientific credentials. But the 
fact that sociology entered intellectual and 
public history not just in the guise of 
science but as a science expected to be 
peculiarly capable of restoring the lost 
unity of inquiry, analysis and action was 
thoroughly unfortunate. Yet the invitation 
to try to be that sort of science was 
hypnotically attractive. 

In 1906, sociology had begun totakeona 
definite form and content. There was a 
lively Sociological Society meeting in 
London, a successful Sociological Review 
and steps had been taken to establish two 
Professors of Sociology and a Department 
of Sociology at the London School of 
Economics. Unfortunately, institutional 
development seemed already to be 
marching hand-in-hand with intellectual 
disarray. 


The nature and province of the emergent 
discipline were the heart of the problem. 
That a social science was desirable was 
widely agreed. But just what would be 
involved? Positivism, empiricism, the 
ameliorist urge to do something quickly 
about pressing social problems and sheer 
vested interests — already established 
academic disciplines —- combined to 
discourage sensible answers to such 
questions. Prevailing empiricist 
conceptions of science, the appetite for 
definitive information about poverty, 
industrial conflict, town planning and a 
host of other current social problems, and 
the mere practicalities of academic politics 
persuaded many to see sociology as little 
more than a battery of research techniques 
occupying a province of substantive 
problems which had a purely ad hoc 
existence. The social came to be defined as 
a miscellaneous grouping-together of 
whatever economics, history and 
psychology between them had not already 
appropriated. Trapped thus, between 
contrary expectations and possibilities, 
sociology was by 1906 already busy sowing 
the seeds of its own subsequent crises. 

By 1906, there were as many divergent 
definitions of sociology as there were 
sociologists. Already one could hear loud 
complaints about the uselessness of this 
variety of sociology, the arid pedantry of 
that, the misty philosophizing of another, 
the political tendentiousness of yet 
another. Indeed, the disputes of the 1970s 
seem but genteel hiccups compared with 
the fratricidal strife of sociologists of the 
Edwardian period. For if sociology was not 
a general science of the social, what on 
earth was it? In the event the price of 
scientific respectability was paid. 
Sociology came to refer to an absurdly 
delimited province of inquiry investigated 
on the basis of absurd expectations about 
the possibility, in social inquiry, of access 
to both laws and facts. 

In 1956, the situation was superficially 
much the same. As a discipline, sociology 
still had only a marginal institutional 
existence. Ten universities made some 
provision for the teaching of sociology. 
Intellectually the divisive tendencies 
among sociologists were as strong as ever. 
Although T. H. Marshall had diagnosed 
the problem acutely in his Inaugural 
Lecture at the London School of 
Economics in 1946, calling on sociologists 
to abandon both ‘‘the (positivist) ways to 
thestars. . . vast generalizations, universal 
laws” and the empiricist ‘‘way into the 
sands of whirling facts which blow into the 
eyes until nothing can be clearly seen’’, and 
to follow instead a middle way of 
‘manageable units of study”, ‘‘specific 
social structures’? and ‘‘determined 
meanings’, there was hardly a rush to take 
his advice. 

Looking back in 1962, W. J. H. Sprott saw 
sociologists in the intervening years not at 
Marshall’s ‘crossroads. . . a body of men 
marching together and faced with a 


decision’’, but rather as a crowd. 
uncertainly milling to and fro at the Seven 
Dials ‘“‘several bodies of men 
converging on an open space where they 
spend a good deal of time abusing one 
another’’. Few would have thought in 1956 
that a great intellectual and institutional 
explosion of sociology was imminent. 


Sociology established 


Yet by 1956 there had been far-reaching 
changes in the social standing of sociology. 
Two developments were particularly 
important: in the relatively purposeful 
political context that existed in Britain 
from 1940 to 1950, sociologists had 
managed to demonstrate that their work 
could have a certain usefulness; and then, 
since 1950, a marked loss of political 
purpose, a growing uncertainty of values 
and a general confusion about the nature 
of society had given a distinct edge and 
urgency to questions of a distinctly 
sociological nature. Amid the confusion at 
the Seven Dials, both positivism and 
empiricism had been held at bay, at least 
enough to allow some middle ground to be 
cultivated. It seems to have been very much 
in that spirit that Lord Adrian, as President 
of the British Association in 1954, urged 
“full contact’ between the social sciences 
and what he called ‘‘all the conservative 
and academic people in universities’’. 

Fifteen years ago, we find an amazing 
transformation; sociology was fully 
established in our universities. Many of the 
complaints about the turbulence, in- 
coherence, mystification and uselessness of 
the subject lose their force when one 
remembers that sociology, as a nationally 
established discipline, is still in its first 
twenty years. Marshall’s lead not- 
withstanding, there was an enormous 
amount of intellectual ground-clearing still 
to be done; the credibility of all sorts of 
competing accounts of sociology had still 
to be explored; the ghosts of positivism and 
empiricism had still to be laid; the sensible 
limits of usefulness had to be clarified; and 
until 1960 there were simply not enough 
people to do the work. The question we can 
now ask, however, is whether that short 
but intense period of self-proclaimed crisis 
is to be understood as the natural condition 
of sociology, revealing the impossibility of 
its claims to scientific status, or as 
something else. 

The question is important because public 
enthusiasm for sociology is now on the 
wane. Whether the history of sociology — 
in particular the brief tumultuous history of 
the past 20 years — reveals the absurdity of 
its scientific pretensions is crucially 
important. It is the question on which the 
future of the discipline seems to turn. 

There are perhaps two separate 
questions. One is about sociology as a 
diffuse practice of social inquiry and 
analysis. The other is about the existence of 
sociology as a special, fairly narrowly 
defined and academic discipline of 
thought. We could decide that there are 
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good reasons for keeping both. 

For most of the past 150 years 
sociologists have had to struggle against 
prevailing conceptions of science and of 
society and above all against prevailing 
expectations about a possible science of 
society. Called into being to be something it 
could never be, sociology has had to spend 
every period of encouragement it has been 
given re-discovering the insights of the 
eighteenth century. Successive moments of 
disillusionment with sociology are also the 
moments at which the performance of 
sociology has managed to give the lie to 
social expectations of it. But, of course, to 
be disillusioned is also a form of scientific 
progress. The real object of criticism 
should be the illusory expectations. 


History of crises 

It is my view that the history of sociology is 
indeed a history of crises of 
disillusionment, and yet those very crises 
have been both its necessary form of 
existence and the way in which it has 
achieved scientific growth. What we can 
now see in this history is a progressive 
discovery of both the possibility and the 
limits of social knowledge. Each moment 
of encouragement — 1881, 1906, 1945, 
1960 — saw an explosive attack on the 
possibility of providing types of 
authoritative knowledge that were widely 
hoped for but not in fact attainable. 

The army of young scholars and 
enthusiasts who entered the discipline after 
1960 have cleared away, at last, a great deal 
of the intellectual lumber of the past. The 
rival factions and schools of thought have 
managed in their furious and perceptive 
attacks on one another to put paid to a lot 
of nonsense. Almost all the possible ways 
of saving positivism, empiricism and 
authoritative knowledge of the social have 
surely now been ruthlessly criticized and 
put out of court. But what we are left with 
is not uselessness but a more restricted 
usefulness, the usefulness of informed 
scepticism and reasoned advocacy. 

What Michael Mann has called a 
common ‘“‘sociologic’’ has emerged as 
constituting for all schools a proper, self- 
conscious, self-monitoring, rigorous and 
effective procedure of inquiry and 
analysis. Simultaneously, as one would 
expect, knowledge itself has accumulated. 
And again it is knowledge adapted both to 
the nature of the social as an object of 
analysis and to the limits of sociology as a 
form of analysis set within its own object of 
inquiry. 

Sociologists manifestly do know more 
than politicians about the causes of urban 
riots, even though their knowledge does 
not come in the form of a recipe for riot 
prevention. They have vastly deepened and 
refined our possible understanding of 
social inequality even though they have left 
open every question about what to do 
about inequality. They have helped to 
make a whole series of political myths 
untenable. John Rex has described 


sociology as a work of demystification. 
There is more to it than that, but even in 
achieving so much demystification in so 
short a time, sociology is well up to the 
track record of, say, physics or chemistry 
or geology. 

But sociology has also discovered that in 
the social sciences, knowledge is not 
power. Sociological knowledge is relevant 
to policy and is deployed within the arena 
of politics. But it cannot hope to be either 
politically neutral or politically 
authoritative. The performance of 
sociology since 1960 has dashed many of 
the expectations of that period irrevocably 
but constructively. It remains to be seen 
whether the ground-clearing sociologists 
thus achieved will be recognized by others. 
It remains, that is to say, for others to lose 
their illusions about sociology just as 
sociologists have done. Government longs 
for certainty; but in social analysis 
certainty is not to be had; sociology is an 
active resource for politics, not a passive 


resource for government. 

If the achievement of the past 20 years of 
sustained large-scale professional work in 
sociology had been no more than to purge 
the errors of the past and place our ideas of 
the nature and province of sociology on a 
sensibly scientific basis, it would have been 
considerable. Behind the facade of crisis 
that sort of reconstitution of the field both 
as to method and in terms of substantive 
work certainly has taken place. But more 
has been done. These have not just been 
years of debates about principles. The first 
20 years of sensible sociology in Britain 
have also seen, thanks to the new scale and 
concentration of intellectual resources 
within the discipline, the production of a 
great deai of detailed social inquiry and 
analysis. Sociology is now in my view 
ready, both methodologically and 
substantively, to perform as a reasonable 
science of society. What matters is that 
expectations should be brought into line 
with that possible performance. E 


Men, bishops and apes 


Edmund R. Leach 


IN this symposium I am representing 
anthropology considered as a social 
science. That is indeed how most contem- 
porary anthropologists would like to 
regard their subject but members of the 
general public mostly havea different view. 
Insofar as there are misunderstandings on 
that point, the British Association is partly 
to blame. That circumstance explains my 
title and will provide my focus. 

Although it was the notorious confron- 
tation between T.H. Huxley and Bishop 
Wilberforce at the British Association 
meeting at Oxford in 1860 which first put 
anthropology onto the academic map, 
anthropologists have not been prominent 
in the affairs of the association. Their most 
notable contributions were at Montreal in 
1884, which saw the creation of the present 
Section H under the presidency of E. B. 
Tylor, and at the meeting of 1914 held in 
Australia when the participants included 
W. H. R. Rivers, Bronislaw Malinowski 
and A. R. Radcliffe-Brown, then known as 
plain Mr Brown. 

The printed records of the British 
Association tell us little. The addresses by 
the presidents of Section H were usually 
printed in full but other papers appear only 
under their bare titles or as an abstract. Ifa 
paper provoked discussion, there is no 
record of this fact. And indeed the 
Huxley/Wilberforce confrontation of 
1860, though doubtless carefully planned, 
developed as an argument from the floor 
about two separate papers which were 
quite uninteresting in themselves. 
Consequently the records that we have of 
that event have been mythological from the 
Start. 

The myth appears in various versions but 
deserves repetition. Darwin’s The Origin 


of Species was published in 1859. Darwin 
was already recognized as the most 
distinguished naturalist of his day. The 
essentials of the Darwin~Wallace theory of 
natural selection had been published two 
years before but the appearance of the full- 
scale book immediately created a 
sensation. Although Darwin himself here 
evaded the issue of the origin of man, the 
theological significance of his theory was 
immediately recognized. By implication, 
man was a near-ape modified by natural 
selection; this was palpable heresy, totally 
incompatible with the dogma that man is a 
special creation designed from scratch ‘‘in 
the image of God”. 

Bishop Wilberforce’s review of 
Darwin’s book in Quarterly Review had 
been written before the Oxford meeting of 
the British Association but was published 
afterwards. It is a much more impressive 
document than recent abstracts suggest. 
Scientists of the highest standing would 
today accept many of Wilberforce’s 
criticisms of Darwin just as they would also 
accept the criticisms raised by the geologist 
Adam Sedgwick, whose review was 
published in The Spectator in April 1860. | 

Indeed I suspect that had Darwinknown | 


as much as we do about the mechanism of 


genetic mutations and about the recurrent 


pattern in the fossil record of long-term > 


stability followed by sudden change, he 
himself, had he been alive, would have 
been a convert to the neo-Sedgwickian 
views now being advanced from Harvard by 
Stephen Jay Gould. For despite his heresies 
Gould is not essentially a Darwinian. The 
point is simply that orthodox. Darwinian 
theory maintains that evolution occurred 
as a gradual process of innumerable very 
small changes. Darwin’s original 
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opponents stood for sudden change, either 
as a consequence of divine intervention or 
as the result of natural catastrophe. But 
Darwin adapted his gradualist view of 
evolution mainly because he could not 
imagine how any biological mechanism 
could create the appearance of sudden dis- 
continuity and he emphatically did not 
want to believe in divine intervention. 

However, at the time, the issue was seen 
by Darwin’s defenders, such as T.H. 
Huxley, as a straight conflict between 
bigotry and enlightened rationalism. 
Darwin’s theory was misinterpreted as a 
vindication of the political doctrine that a 
policy of laissez-faire will inevitably result 
in Progress with a capital ‘P’: on and on 
and on and up and up and up. 

What Darwin’s theory really said was 
that species tend to become adapted to 
increasingly specialized environments; it 
was not concerned with the notion of 
“Progress” at all. Yet one still encounters 
biologists who refer to ‘‘advanced’’ and 
“primitive” species and who are quite 
evidently predisposed to think that man- 
kind can be sub-divided into ‘‘advanced”’ 
and “‘primitive’’ ‘‘races’’, ‘‘cultures’’ or 
what have you. Needless to say it is ‘‘we’’ 
who are ‘‘advanced’’, ‘‘we’’ being the 
particular human collectivity to which the 
author himself happens to belong. 

The difficulty about applying Darwin’s 
theory to man in any simple way should 
have been obvious from the start since our 
human peculiarity is that we are remark- 
ably unspecialized. Even without the aid of 
artificial gadgetry, human beings are able 
to survive and flourish in forests and in 
deserts, in the tropics and in the Arctic. 
Apart from creatures such as the rat and 
the dog, which seem to have evolved as 
parasites of man, no other natural species 
has this kind of flexibility. So if man 
evolved from his predecessors by natural 
selection associated with adaptation to a 
specialized environment, what kind of 
environment was that? 

Most of what has been written on this 
topic in recent years seems to me quite 
astonishingly naive. If the first men were 
well adapted to living in African savannahs, 
how did their descendants manage to flourish 
among Greenland’s icy mountains or in 
Europe’s ice ages? 

But to get back to the Wilberforce/ Huxley 
affair of 1860. In most respects the debate has 
now been turned back to front. The evolution 
of species from earlier species is not seriously 
questioned; nor is the theory that most 
species are specially adapted to the environ- 
mental niche in which they are encountered. 
But it is becoming increasingly difficult to 
understand just how they came to be that 
way. “Evolution by natural selection and 
adaptation” seems to be a much more 
complex and variable process than had at one 
time been supposed. 

In particular, Darwin’s central doctrine of 
development by numberless minute changes 
has been coming under sharp attack. It now 
seems that if general evolutionary theory is to 


be compatible with the geological and 
palaeontological evidence it will have to 
incorporate some kind of modified version of 
Sedgwick’s catastrophism. 

Missing links 

Missing links in the sequence of fossil 
evidence were a worry to Darwin. He felt sure 
they would eventually turn up, but they are 
still missing and seem likely to remain so. 
What we are to make of that fact is still open 
to debate, but today it is the conventional 
neo-Darwinians who appear as the 
conservative bigots and the unorthodox neo- 
Sedgwickians who rate as enlightened 
rationalists prepared to contemplate the 
evidence that is plain for all to see. 

But to return to the myth of the 
Wilberforce/Huxley confrontation. The 
version I like best has Wilberforce proclaim: 
“Whatever certain people may believe I 
would not look at the monkeys in the 
Zoological Gardens as connected with my 
ancestors’; to which Huxley responded: “‘I 
would rather be descended from an ape than 
a bishop”. Which is good as repartee, but 
hardly a contribution to science. 

Indirectly this celebrated episode had 
regrettable consequences for the academic 
subject of anthropology. In the first place it 
fixed in the public mind the idea, which has 
prevailed to the present day, that the 
“typical anthropologist’’ is a fossil hunter 
like Richard Leakey. In fact fossil hunting 
and speculation about the origins of 
mankind is only a tiny, rather off-beat, 
sub-branch of the general field of 
anthropology. The main concern of 
anthropologists is with the variety of 
human culture rather than the variety of 
human skulls. 

One of the tasks of anthropology is to 
provide a bridge between the biological and 
the social sciences, but for a long time the 
great majority of anthropologists have 
thought of themselves as concerned with 
problems of human society rather than 
with peculiarities of our anatomy. Further- 
more, the nineteenth century model in 
which society was thought of as a kind of 
living organism, which had evolved 
according to Darwinian principles, has 
long been abandoned, though Marxist 
versions of social Darwinism are still with 
us. But even in the late nineteenth century, 
as Tylor’s Montreal address makes plain, 
British anthropology was primarily a social 
rather than a biological science. 

There have been major changes in 
objective. Tylor and his contemporaries 
imagined that by studying the customs of 
primitive peoples the anthropologist would 
be able to reconstruct the sequences of pre- 
history much as the early Darwinians 
thought they could reconstruct the 
sequences of species development. That is 
why Section H of the British Association is 
now primarily a forum for local 
archaeologists. Thus, here at York, the 
meetings of this section are focused on the 
activities of the Vikings. By contrast 
professional anthropologists would now 


ordinarily concern themselves with aspects 
of present day culture. The latter are 
interested in historical evidence for 
comparative purposes but they no longer 
claim to be engaged in a kind of 
archaeology of custom, But the general 
public still imagines that anthropology is 
more concerned with human origins than 
with comparative sociology. 

Another regrettable aspect of the 1860 
confrontation was that it created a fixed 
illusion that all anthropologists are 
aggressively polemical anti-religious 
materialists. In fact, at a personal level, the 
religious views of anthropologists are as 
varied as those of any other section of the 
community. But the phenomena which get 
slotted into the category “‘religion’’ include 
many of the most distinctive features of 
human culture. On that account all 
academic anthropologists pay close 
attention to the details of religious practice 
and belief. Far from being generally 
“hostile” to religion, anthropologists are 
almost the only academics, other than 
divinity school theologians, who take the 
study of religion seriously. 


What is science? 


All this has wide relevance for the present 
occasion and not only for the anthro- 
pologists. During most of the last 150 years 
it has been widely believed that all pro- 
fessional scientists (including of course 
those associated with the British 
Association) are wholly committed to a 
godless materialism. In this context 
Huxley’s verbal encounter with 
Wilberforce has repeatedly been used as a 
symbol of the triumph of scientific honesty 
over the obscurantism of religious 
prejudice. 

But where do we stand today? If the 
humanist anthropologists share the 
theologian’s interest in comparative 
religion, does that mean that they must 
now be at war with the pure and applied 
scientists? And does that, in turn, imply 
that anthropology no longer has any 
proper place here in the British 
Association? Or, to put it rather 
differently: in the context of the 150th 
anniversary of the British Association for the 
Advancement of Science what does the 
word ‘‘science’’ really mean? 

The issue is a particularly sensitive one 
for the various social sciences. Strictly 
speaking, ‘‘science’” simply means 
“knowledge”, and any branch of learning 
which is scrupulous about the way it 
interprets evidence can properly be rated 
“scientific”. But, in England (and indeed 
in most of Europe), a major distinction is 
drawn between the natural sciences on the 
one hand and the humanities on the other. 
In this great divide, all the social sciences 
represented in this symposium are now 
rated among the humanities although not 
so very long ago the anthropologists (minus 
the archaeologists) were classed as natural 
scientists. This ambiguity deserves 
attention. 
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Ideology 


In my own view the social scientists, so 
called, have been most ill advised in the way 
they have attempted to imitate, not only 
the methods, but the whole ideology of the 
natural sciences. That ideology has been 
scarcely modified since the days of 
Descartes at the beginning of the seven- 
teenth century. ‘‘Natural scientists” take it 
for granted that all the processes of nature 
are governed by ‘‘laws’’ which are not open 
to manipulation; it is the general task of 
scientists to discover what those ‘‘laws’’ 
are. In effect, the scientific observer per- 
ceives himself as an entirely neutral 
external figure who can experiment upon 
nature without interacting with it. It is 
taken for granted that the materials that are 
subject to such experiments have no will of 
their own; they cannot tell lies; they cannot 
alter the rules of the game in the course of 
the experiment. 

The main justification for this belief is 
that in many fields it seems to work. 
Relying on the mechanistic certainty of 
scientific laws we are now able to send men 
to the Moon and bring them back again 
with a margin of error of a few seconds and 
a few hundred yards. If anything goes 
wrong in such demonstrations of infalli- 
bility the defect is attributed to “Shuman 
error’’. That is very significant. Nature 
cannot tell lies but human beings can and 
do. 

And that is the central paradox of the 
social sciences. At a certain level the econo- 
mists and the sociologists and even the 
anthropologists seem to talk as if the 
behaviour of human individuals and 
human collectivities was governed by 
‘‘laws’’ which are analogous to the second 
law of thermodynamics. Yet they have 
never managed to demonstrate that any 
such laws exist. 

The difference in this respect between 
the natural sciences and the social sciences 
is profound. Natural science progresses 
whereas the social scientists go on fighting 
the same intellectual battles over and over 
again. The most influential sociologist of 
the present day is Karl Marx who was 
already dead when Tylor held the first 
presidency of our Section H. 

I do not find this surprising. The 
mechanical models of natural science are 
inappropriate for the social sciences. 
Human beings engage in wilful deception 
on a massive scale. The ability to tell lies is 
perhaps our most striking human 
characteristic. The dogma invoked in 
economics, and sometimes elsewhere, that, 
by resort to statistics and the mathematics 
of probability, we can eliminate the 
consequences of this wilfulness and thus 
reduce human behaviour to law-bound 
regularity, is just wishful thinking. 

Human experience is everywhere 
chaotic. This chaos is psychologically 
disturbing. All human culture is designed 
to make the chaos appear more orderly 
than it is. Nature-out-there is full of 
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random shapes and tangled intricacies; 
most of the material products of human 
culture employ only the very simplest 
forms of geometry. Likewise, in 
interpreting Our sensory experiences, we 
habitually operate with the prime 
assumption that, whatever the appear- 
ances, Nature is ‘‘really’’ constructed 
in quite a simple fashion according to man- 
made mechanical principles. 

There is no harm in such an assumption 
as long as it works. And it does usually 
work as long as creatures with wills of their 
own are kept out of the picture. But if we 
try to extend our interpretative 
observations to the behaviour of human 
beings, the mechanical model of natural 
science always breaks down. Human 
beings are different. 

How are they different? The traditional 
religious answer was that men are different 
because they were ‘‘made in the jmage of 
God”. This was what the Wilberforce/ 
Huxley debate was about. If Darwin’s 
scheme of gradualist evolution were to be 
accepted there could be no discontinuity. If 
men had souls, so had chimpanzees. Sucha 
doctrine would be perfectly acceptable to 
Hindus and Buddhists but it was more than 
Wilberforce could stand. And I think 
Wilberforce was right. 

I do not myself believe that human 
beings have immortal souls but they 
unquestionably possess spoken language 
and this, in my view, makes them creatures 
of a quite unique and novel type. For it is 
the very special kind of thinking which 


ai 
derives from our possession of language 
which allows us to plan deception on a 
massive scale, 

I am aware of course that some 
primatologists question the uniqueness of 
human speech, claiming that the circus 
tricks learnt by Washoe the chimpanzee, 
Koko the gorilla and their various 
expensively trained companions represent 
an embryo form of speech. This is a highly 
technical matter but, as far as | can judge, 
almost all the psychologists and linguists 
who have studied the evidence closely are 
quite satisfied that there is a major 
discontinuity between human speech and 
the sign-making capacities of apes. 

Bishop Wilberforce would have put the 
matter much more simply. He would have 
said: “If you think that the difference 
between yourself and Koko the gorilla is 
simply one of degree, then do you consider 
that Koko the gorilla could become a 
Christian?’’. If Huxley had then replied: 
“But I do not want to be a Christian 
anyway’, Wilberforce’s obvious response 
would have been: ‘‘But vou can choose; 
Koko the gorilla cannot’’. 

And that, at the end of the day, is why 
the social sciences can never be sciences in 
the natural science sense. Human beings 
can make conscious choices. The capacity 
to make such choices, which is linked with 
language, represents a major discontinuity 
with the rest of nature. It has the 
implication that the only “‘laws’’ of social 
science are matters of the most banal 
triviality. m 


From Great Duke to microchip 


Ewen McEwen 


ARTHUR, Duke of Wellington, ceased to be 
Prime Minister in 1830, the year before the 
foundation of the British Association for 
the Advancement of Science; he was then 
61 years of age and lived until 1852. His 
departure from office marked the end ofan 
era and the new Victorian age, shortly to 
begin, in which engineering made a 
tremendous contribution. The early 
Victorian engineer was much more of a 
public hero than his successors have been. 
The Duke was not only a good horseman 
but became very much attached to his 
particular horses. To him, the horses was the 
principal means of transport. Yet the reign 
of the horse even in agriculture was fairly 
short, as has been the case with other 
sources of power in other applications: the 
horse became the dominant source of 
power on the farm only during the 
agricultural revolution of the 1730s. 
Wellington, however, saw the beginning 
of the railway era. The Stockton & 
Darlington Railway opened in 1825, and 
the Liverpool & Manchester in 1830 — 
both of them built by George Stephenson, 
whose bicentenary we celebrate this year. 
Isambard Brunel was appointed Chief 


Engineer and began the construction of the 
Great Western Railway in 1833, when he 
was 27. The reciprocating steam engine as 
developed by Watt and improved for 
railway use by such men as Stephenson and 
Gooch remained the major prime mover 
for railway use for more than a century, 

It is interesting that an apparently 
inefficient device should have lasted so 
long. The cost of fuel in such countries as 
Britain may have been only a small part of 
the cost of operating a railway, but this was 
not true everywhere. Fuel was a major cost 
in many cases, as for example on the 
Guaqui-La Paz railway, built by my 
grandfather, John Pierce-Hope. In the ` 
period between the wars, the development 
of steam turbines seemed to offer a 
promising alternative, but there 
was a major snag: a steam turbine 
locomotive must use air cooling 
for its condenser and the energy consump- 
tion of the fans virtually eliminated the - 


energy saving. It was also necessary to use 


forced ventilation to produce sufficient 
draught.. Thus the end result was an 
increase in complexity for no real saving in 
fuel, 
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The success of the railways depended not 
only on their source of motive power but on 
their right of way. The railway builders cut, 
tunnelled, bridged, embanked and 
switchbacked their permanent ways so as 
to minimize the gradients and enable a 
locomotive of relatively limited tractive 
effort to haul ‘‘dead”’ cars and waggons. 

The horse, however, continued to 
dominate road transport. The exertions of 
Telford in the last years of the eighteenth 
century and the early 1800s in road and 
bridge building, improved by Macadam’s 
introduction of better surfacing from 1810 
onwards, transformed the roads to all- 
weather usability and a great improvement 
in feeder transport to and from the railways 
resulted. But the horse-drawn coach could 


negotiate fairly steep gradients so it was not, 


thought necessary or cost effective to build 
roads to railway standards. 

Nevertheless, in the early nineteenth 
century a number of men (Medhurst (1819), 
Griffin (1821), Brown (1823) and Gordon 
(1824)) turned their attention to the 
possibilities of steam carriages. They failed 
for a variety of reasons but basically 
because the steam engine could not be 
efficiently and practically made small 
enough. Even the recent Ford experiments 
have not solved this problem. 

It is not surprising that the development 
of coal gas, primarily for lighting, in the 
eighteenth century should have prompted 
interest in its use as a fuel for prime movers. 
Barker patented the gas turbine in 1791. He 
was before his time for the necessary 
materials were not available, but right in 
his belief that external combustion was 
necessary — there was no available means 
of ignition for internal combustion. 


Ignition 
The internal combustion engine had to 
await the inventions of Faraday, Ampère 
and Pixii (1831) to provide spark ignition. 
In 1860 Lenoir patented a two-stroke gas 
engine without compression with electric 
coil ignition. It was the first commercially 
successful internal combustion engine but 
still of such a size and weight as to be 
suitable only for stationary work. Ten 
vears later Hoch made the first practical 
petroleum engine. Then in 1873 Rothman 
put into commercial service a four-stroke 
engine — which had been proposed by the 
Rochas in 1862 — and three years later 
Otto began his production of four-stroke 
gas engines. In 1883 Daimler produced his 
high-speed (800 r.p.m.) petrol engine, and 
in 1885 Benz built his tricycle motor car, 
but the motor car remained a rich man’s 
toy until Maybach (1893) invented the jet 
carburettor and Robert Bosch (1902) the 
magneto and the modern spark plug. The 
way was open for Henry Ford to introduce 
in 1908 the mass-produced motor car. 
The steam engine took more successfully 
to sea than to the roads. Papin built a steam 
paddle boat in 1707 but this was an 
atmospheric engine and very inefficient. 
The first commercial steam boat, using a 


Watt-type engine, was built by Fulton in 
1807. Developments in superheating and 
multiple expansion engines kept the 
reciprocating steam engine in power as the 
main method of ship propulsion from then 
until the early years of the twentieth 
century, when it began to give way first to 
the steam turbine, then to the marine diesel 
and finally, in modern warships, to the gas 
turbine. 

It is interesting that a steam turbine, 
basically a toy, was built by Hero of 
Alexandria about 50 ap; that Barber 
proposed a gas turbine in 1791 and that 
Trevithick built a reaction steam turbine as 
early as 1815, the year of Waterloo. Why 
the long delays? The real reason that the 


steam turbine could not, in its early days, 


compete with the reciprocating steam 
engine was that sufficiently accurate 
gearing was not available to allow the 
turbine to run at high enough speeds to 
obtain adequate efficiency. High-speed 
helical gearing was introduced by de Laval 
in 1890. 


Gas turbines 

The story of the gas turbine hinges on the 
availability of blade and combustion 
chamber materials capable of resisting the 
hot corrosive gases. Modern ceramic 
materials may well enable the gas turbine to 
make more inroads into what is currently 
done by reciprocating engines, by 
improving the thermal efficiency. What is 
really needed, however, is an adequate 
robust reliable heat exchanger to recoup 
the energy in the exhaust. The development 
of such a device would have as dramatic an 
effect on the fuel consumption as did 
Watt’s invention of the steam condenser. 

The development of aviation had to 
await prime movers of adequate power to 
weight ratio: early efforts to fly were 
limited by the power available from the 
pilot quite apart from a lack of 
appreciation of aerodynamics. The 
development of the motor car made 
available the petrol internal combustion 
engine with a reasonably high power to 
weight ratio — including, of course, the 
weight of the fuel. In 1900 Zeppelin used 
two 16 hp Daimler engines to drive a 
dirigible airship and in 1903 the Wright 
brothers used their own 12 hp engine for 
the first flight of a heavier than air 
machine. 

In agriculture, although the horse 
continued to be the main source of power, 
ploughing by cable and steam traction 
engines had a limited use in the nineteenth 
century. Fuel and water supply were, 
however, a serious limitation and generally 
speaking the available implements were 
unsuitable for mechanical traction: in 
1827, Hawkins remarked that it was just as 
unreasonable to expect to plough and 
cultivate by steam as it was to expect horses 
to dig with spades. Mechanical devices 
were nevertheless appearing on the farm, 
but were horsedrawn: the Reverend 
Patrick Bell invented a reaper in 1827, 


Cyrus McCormick the reaper and binder in 
1834 and Mackay the header/thresher 
combine harvester in 1845. 

The late Professor Ormsby used to tell 
his civil engineering students that the civil 
engineer had done more for public health 
with the provision of clean water and 
proper sewerage than all the physicians. 
The provision of aqueducts and reservoirs 
is, of course, of considerable antiquity. 

The first dams on modern scientific 
principles were built in France in the latter 
half of the nineteenth century, beginning 
with the Zola dam in the 1850s near Aix- 
en-Provence — an arch dam — and the 
great gravity dams of which the prototype 
was Graef and Delocre’s famous dam for 
the water supply of St Etienne (1861-66). 

Civil engineers have thus given us water 
and sewerage and made the railway viable 
by the construction of the permanent way, 
which required a vast improvement in 
bridge building both for economic and 
topographic reasons. Darby built the first 
iron bridge over the Severn (an arched 
bridge) in 1777-79 and Telford spanned 
the Menai Straits with a suspension bridge 
built between 1819 and 1826. The earliest 
important iron girder bridge was Robert 
Stephenson’s Britannia tubular bridge, 
also over the Menai Straits (1846-50), for 
the Holyhead railway. But all was not 
always well. The aerodynamic problems of 
suspension bridges were long not fully 
understood: the Union Bridge for the 
railway at Berwick upon Tweed failed after 
six months and as recently as 1940 there 
was the Tacoma Narrows disaster in the 
United States. 


Military angle 

Telecommunication has long been a 
human want much emphasized by military 
necessity and later by the operation of the 
railways. The signal fires of the Armada 
and the semaphore telegraphy of the escape 
of Napoleon from Elba are among the 
forerunners. But in 1857, the year of the 
accession of Queen Victoria, Cooke and 
Wheatstone combined to bring the electric 
telegraph into daily use: a few years later 
Morse established it — and his code — in 
the Western Hemisphere. It was soon 
realized that the capacity of the electrical 
circuit was much greater than that of the 
human operator, which led Wheatstone in 
1858 to the automatic telegraph. 

Having achieved electric telegraphy 
overland, there was an immediate demand 
to make it available across water. A 
Commons Committee heard Wheatstone’s 
views on this in 1840; the Brett brothers laid 
a submarine cable from Dover to Gris Nez 
in 1850 which quickly failed, but the. 
following year they laid an improved cable 
which remained in service for many years. 
The problems of laying a cable under the 
Atlantic were, of course, more difficult; 
nevertheless in 1858 the connection was 
made, although it failed after a few weeks. 

“Written telecommunications were 
soon followed by verbal and sound 
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communication: Graham Bell invented the 
telephone in 1875 and by 1878 the idea of 
the telephone exchange had been proposed 
and the first (at New Haven, Connecticut) 
installed. Strowger invented the electro- 
mechanical system which bears his name in 
1889: the first automatic exchange was 
installed at Augusta (New York) in 1897 
and the first in England at Epsom in 1912. 
The Strowger system is only just out of use 
in favour of electronic systems. 

In the earlier forms of telecommuni- 
cation the engineer made inventions which 
the scientist then analysed, establishing a 
thedéretical foundation on which im- 
provements could be based. Radio is a 
notable exception: here the theoretical 
work of Clerk Maxwell (1864) and Hertz 
(1891) was practically applied by Marconi, 
who made an effective radio transmission 
over a distance of one kilometre in 1895. 
The first commercial use was in 1897 
between Poole and the Isle of Wight. The 
invention of the ‘‘valve’’ —— originally a 
diode rectifier — by Fleming in 1904 and of 
the triode by de Forest two years later soon 
produced major improvements in radio 
communication: by 1910 many passenger 
ships were equipped with wireless 
telegraphy. The era of electronic 
entertainment began in 1920, and in 1922 
the British Broadcasting Corporation was 
formed — to begin with as a limited 
company. 

The radio valve made possible radio and 
television — and much else besides. But it 
was large and fragile: aircraft engine 
management systems were hydromech- 
anical because of the vulnerability and 
consequent unreliability of electronic 
systems based on valves. There were many 
applications where their sheer bulk 
prevented their use. But then, in 1948 
Shockley, Barden and Brattain produced 
the germanium transistor triode. This was 
the major breakthrough. 

Other semiconductors were tried out and 
silicon replaced germanium. Methods of 
miniaturization were developed and 
multilayer techniques led to integrated 
circuitry, then LSI (large scale integration) 
and so to the microchip. 

And so we come to the microchip, the 
miniature computer which is so much more 
powerful than the early main frame 
machines. We have opened Pandora’s 
box. We have a tool more powerful than 
any we have had before and I see no sign 
anywhere in the world that any nation 
understands the revolution that now faces 
us. It seems to me that politicians, 
economists, employers, unions — and 
scientists and engineers — must appreciate 
that it is a completely new era. Minor 


changes in productivity, facelifts in the 


product, the common currency of tax 
changes — all the ways in which we have 
made, or failed to make, progress in the 
past are but a sigh in a hurricane. When are 
we going to apply our minds to the biggest 
challenge that the human race has ever 
faced? 0 
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Some consequences of physics 


R.V. Jones 


On 13 June 1831 James Clerk Maxwell was 
born; and on 29 August Michael Faraday 
discovered electromagnetic induction. If 
the latter event shows the state of physics 
when the British Association first met, the 
former shows its promise. 

Newtonian mechanics had long been 
established; and the inverse square law of 
gravitation had been found to have its 
parallels in magnetic and electrostatic 
attraction and repulsion, enabling simple 
electrical phenomena to be expressed in 
mechanical, and therefore in mathe- 
matical, terms. In the first decade of the 
century the corpuscular theory of light had 
apparently been overthrown by the wave 
theory of Thomas Young; and the visible 
spectrum had been extended into the infra- 
red by William Herschel and into the ultra- 
violet by J.W. Ritter. Joseph Priestley had 
argued as early as 1767 that there should be 
connections between electricity and both 
chemistry and physiology; and the 1830s 
saw the former prediction borne out by 
Faraday’s laws of electrolysis. 

Yet another of Faraday’s discoveries of 
the 1830s was to prove seminal — the 
electrical discharge in a gas at low pressure, 
with the colour of its glowlng positive 
column dependent on the chemical nature 
of the gas. It is possible to trace forward 
from that discovery through the work of 
Geissler, Pliicker, Hittorf and Crookes to 
the discovery of cathode rays and positive 
rays, and hence on to J.J. Thomson and 
the electron. 

In 1831, three conservation laws — those 
of mass, momentum and mechanical 
energy — appeared well established; and 
by 1850 the last of these had been greatly 
extended by Joule and Mayer to the 
generalized conservation of energy which 
put the thermodynamics of Carnot on a 
firm basis. The second law of thermo- 
dynamics was a ‘‘postulate of impotence” 
which later started a train of thought in the 
mind of Einstein!, who argued by analogy 
that a similar restricting principle applied 
to the Lorentz transformation, with the 
result that it is immossible for an observer to 
detect absolute motion through space. 

The researches in optics destined to 
climax in the Michelson—Morley exper- 
iments of the 1880s were under way. By 
analogy with sound, Doppler had in 1842 
postulated his effect as the explanation of 
why some stars appeared reddish and 
others blue, however Fizeau showed that 
the Doppler effect could not explain sucha 
gross phenomenon, but that the effect 
might show up in the sharp lines of stellar 
spectra. Fizeau, a magnificent exper- 
imenter, also detected the Fresnel ‘‘aether 
drag’’ with an interferometer and, building 
on this work, Michelson went on to his 
famous experiment on aether drift. 

At the 1859 meeting of the British 
Association, Maxwell announced his law 


governing the displacement of molecular 
velocities in gases. Besides setting the 
pattern for subsequent distribution laws 


_and the statistical approach to physical 


phenomena, this led him to predict — 
astonishingly but correctly — that the 
viscosity of a gas should, over a large range, 
be independent of its pressure, a prediction 
of which Rayleigh? later wrote that physics 
contained ‘‘no more beautiful or telling 
discovery’’ because it established the 
kinetic theory beyond doubt. 

Even this achievement, though, was 
within a very few yzars to be eclipsed by the 
greatest of all advances made in the nine- 
teenth century — again by Maxwell. As 
early as 1861, he had formulated the frame- 
work of the electromagnetic theory which 
led him to conclude that light was an 
electromagnetic phenomenon propagated 
according to electromagnetic laws, and to 
point out that the aethenal medium might 
be capable of other motions not 
appreciable by our senses. It was this 
prediction that led Hertz to look for oscil- 
latory waves arising from electrical dis- 
charges and thus to his discovery of radio 
wayes in 1887. 


Television 

These two great physicists, Maxwell and 
Hertz, each made further pregnant dis- 
coveries. Maxwell advanced the three- 
colour theory to the point where he was 
able to demonstrate the first colour photo- 
graph in 1861. And Hertz, in an incidental 
but brilliant observation of the seemingly 
irregular behaviour of the spark gap that he 
used as detector in his radio experiments, 
discovered the extemal photoelectric 
effect. These two discoveries, along with 
those of radio waves and of the electron, 
were essential to the invention of colour 
television with all its social consequences. 

Progress in infrared studies was much 
less spectacular because it was necessarily 
painstaking. But the result was the black 
body curve, which defied classical explan-' 
ation. Matching his experimental 
colleagues in patience, Planck tried one 
hypothesis after another until he found in 
1900 that the shape of the curve could be 
explained if radiation were exchanged 
between a material surface and free space 
only in discrete packets or quanta of 
energy. This was the dawn of quantum 
theory. 

Special relativity, too, was about to 
dawn. Einstein had been deeply impressed 
with Maxwell’s electromagnetic theory, 
and he opened his famous 1905 paper on 
relativity by remarking how he had been 
struck by the asymmetrical explanations of 
the phenomenon of inducing a current ina 
circuit with a magnet depending on 
whether one regards the magnet as moving 
and the circuit as fixed or vice versa. 
Einstein later? wrote ‘‘the special theory of 
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relativity owes its origins to the Maxwell 
equations of the electromagnetic field’’; 
and one of the consequences that he fore- 
saw was his equation E = mc*. 

In what was to become atomic physics, 
the work of Rowland and Angstrgm in 
measuring the wavelengths of structural 
lines led Balmer in 1885 to his empirical 
formula for the wavelengths emitted by the 
hydrogen atom. And although for some 
time it appeared to be in a quite different 
field, Rontgen’s discovery of X rays in 1895 
bore remarkable fruit. Within eighteen 
months of that discovery the mobile 
surgical units accompanying the British 
expedition to Omdurman had X-ray 
equipment for examining wounds; and it 
was while investigating the ionization 
caused by X rays that J.J. Thomson was led 
to his work on the electron. 

Becquerel’s discovery of radioactivity in 
1896 was equally fruitful, for it led to 
Rutherford’s recognition of the atomic 
nucleus and thus to the whole of nuclear 
physics. Aston’s skilful development of the 
mass spectrometer led to his discovery of 
the nuclear mass defect in the middle of the 
Periodic Table and thus to Eddington’s 
pronouncement (at the 1920 meeting of the 
British Association) that this defect could 
be explained by assuming that enormous 
energies were involved in nuclear fission 
and fusion, thus pointing the way to 
nuclear power and nuclear bombs and to 
the understanding of mechanisms by which 
energy is released in the stars. 

There followed the recognition by de 
Broglie in 1924 that, as light had been 
found to show both wave and particle 
properties, asimilar duality might be found 
in the case of matter and the discovery of 
matter waves by Davisson and Germer and 
by G.P. Thomson, from which Heisenberg 
deduced the ‘‘uncertainty principle” and 
Bohr his “‘principle of complementarity” 
The 1920s were in fact an herioc age in 
physics, when many mysteries were 
clarified. 

But many past mysteries remained. And 
the appealingly simple universe of protons, 
electrons and photons was almost immedi- 
ately made more complex by Chadwick’s 
discovery of the neutron, and then by the 
mesons and by many other particles. And 
so the search for underlying simplicity has 
now to be pursued at a deeper level than 
that of ‘‘elementary’’ particles, with 
quarks and unified field theories. 

The advance of physics during this 
period depended on the sharpening and 
augmentation of the senses by instruments. 
In 1831, even such a simple instrument as 
the optical lever in the form invented by 
Poggendorf was only five years old: the 
commoner form invented by Kelvin did not 
come until his work on the Atlantic cable 
in the 1850s. 

All the work on gases at low pressure 
depended on the improving performance 
of vacuum pumps. There is a direct 
succession from the experiments on 
cathode rays right through to the mass 


spectrograph. and. the largest of modern 


accelerators, which have only been possible 


because of man’s ability to overcome 
horror vacui and make vacuums on a large 
scale. If there is one invention which more 
than any other distinguishes science and 
technology in Western Europe, that is the 


vacuum pump, i made so much 


possible. 

It is indeed ee how much in 
physics has come out of our attempt to 
create nothing, just as in mathematics and 
computation so much has come out of the 
invention of thesign for zero. And when we 
realize that all we need in computation 
beside the sign for zero is a sign for unity, it 
reminds us that the modern computer is 
only possible because of an invention made 
by a physicist, C.E. Wynn-Williams, in 
1932 for counting nuclear particles: the 
scale-of-two counter, which may prove to 
be one of the most influential of all 
inventions. The scale-of-two counter 
depended on the invention of the thermi- 
onic valve, which again would have been 
impossible without vacuum technology. 


Old concepts 


As late as 1950, Sir Thomas Merton could 
point out to me that even the latest instru- 
ments then in use had not depended on any 
concept later than that of the electron. 
More recently, we have seen instruments 
which do indeed depend on later concepts, 
the laser being the outstanding example. 

Instrumental advances in physics such as 
the single-isotope lamp, the atomic clock 
and the laser have led to much increased 
accuracy in metrology; and in the cases of 
length and time they have led to standards 
based on atomic phenomena which could 
be reproduced even if all material 
standards were catastrophically destroyed. 
Such standards are the anchors of a techno- 
logical civilization. 

Physics has had a profound effect on the 
other sciences. If we regard the object of 
natural science as understanding the 
natural universe, the attack is on a broad 
front. The physicists of the nineteenth and 
early twentieth centuries made a great 
breakthrough with quantum mechanics, 
relativity and atomic theory, resulting ina 
deeper understanding of both matter and 
radiation, and in instruments of much 
greater power and penetration for 
observing natural phenomena. Through 
the gap created by the physicists all the 
other sciences have streamed. 

In chemistry, the understanding of 
atomic and molecular structures and mech- 
anics owes much to the newer concepts of 
physics. In geology, the interaction of 
physicists and geologists has led to the 
development of plate tectonics. Archae- 
ology has advanced through the applica- 
tions of physical methods of dating. In 
zoology, the understanding of the capa- 
bilities and functioning of the special senses 
of animals has become even more inter- 
esting through the comparison between 
these senses and those which men have 


developed for themselves, for example in 
maintaining stability through gyroscopes 
orin means of homing for navigation by IR 
or by acoustic radar or the polarization of 
skylight. In physiology, the understanding 
of the means of transmission of nerve 
impulses has depended on physical 
principles; and one of the greatest develop- 
ments of all, the unravelling of the genetic 
code, was the joint work of a physicist and 
a biologist. 


Geology versus evolution 


Lest we physicists become too conceited, 
let us remind ourselves of the controversy 
in the second half of the nineteenth century. 
between Kelvin and the geologists and evol- 
utionists. Kelvin had. worked out the ages 
of the Earth and Sun on the sources of 
energy generation and loss known in his 
day, and concluded that neither the Earth 
nor the Sun could be more than a few 
hundred million years old’. Darwin. 
wanted far longer than that to make his 
theory of evolution plausible and described 
Kelvin’s work as one of his ‘‘sorest 
troubles”? 

Kelvin’s s seemingly patronizing attitude 
towards the biologists ignored the possi- 
bility that there was more in Heaven and 
Earth than was dreamt of in the natural 
philosophy of his day. The weakness in his 
armoury had been pointed out as early as 
1869 by T. H. Huxley who said in his presi- 
dential address® to the Geological Society: 


This seems to be one of the many cases in 
which the admitted accuracy of math- 
ematical processes is allowed to throw a 
wholly inadmissible appearance of authority 
over the results obtained by them. Math- 
ematics may be compared to a mill of 
exquisite workmanship, which grinds you 
stuff of any degree of fineness; but, never- 
theless, what you get out depends on what 
you put in; and as the grandest mill in the 
world will not extract wheat flour from 
peascods, so pages of formulas will not get a 
definite result out of loose data. 


The weakness was, as Huxley indicated, in 
Kelvin’s assumptions, because he was in no 
position to take account of nuclear fusion 
and fission; and the instance is all the more 
worth remembering because of another of 
Kelvin’s statements (in 1883)’ on the 
importance of converting observations 
into numbers: 
In physical science a first essential step in the 
direction of learning any subject is to find - 
principles of numerical reckoning and 
methods for practicably measuring some 
quality connected with it. I often say that 
when you can measure what you are 
speaking about, and express it in numbers, 
you know something about it; but when you 
cannot measure it, when you cannot express | 
it in numbers, your knowledge is of a meagre 
and unsatisfactory kind: it may be the > 
beginning of knowledge, but you have 
scarcely in your thoughts advanced to the 
stage of science, whatever the matter may be. 
Although Kelvin was. betrayed by his faith 
in numbers in estimating the age of the 
Solar System, this was an almost isolated 
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exception in a succession of triumphs for 
exactness in physical measurement. In 
writing of Joule’s work, Kelvin recalled’ a 
‘meeting at the Royal Society when one 
Fellow stated that ‘‘he did not believe in 
Joule because he had nothing but hun- 
dredths of a degree to prove his case by”. 
But Joule’s hundredths of a degree were as 
crucial as Tycho’s 8 minutes of arc, and 
they triumphantly led to the conservation 
of energy. 

Unfortunately, Kelvin’s dictum on 
measurement had a profound influence on 
the thoughts of those who accepted it 
uncritically, and particularly on those 
working in subjects on the fringes of exact 
‘science who wanted to qualify for the 
scientific fold. If they could measure, they 
were scientists: if not, they were not. 
Economics and psychology, and more 
recently sociology, therefore tried to 
convert their observations into numbers, 
sometimes with indifferent success. What 
they did not realize was that Kelvin had put 
it the wrong way round, as his attempt at 
Solar System history showed: it is only when 
you know a-good deal about what you are 
talking about that you ought to take the 
step of converting observations into 
numbers, with the-risks that these will 
become the playthings of politicians and 
planners. So, in a way, the very success of 
measurement in physics has led to imitation 
in subjects unready for it, sometimes with 
nearly disastrous social consequences. 

It isssurprising that the importance of 
physics needs to be stressed at the present 
time, but we are experiencing a recession of 
esteem. Physics in defence and in the 
general economy has received strong 
support, with the government building up 
its own establishments at the éxpense of the 
universities, industry, and — most unfor- 
tunate of all — the schools. Moreover, 
both government and industry in America 
were even, more appreciative of what 
physicists might do, and offered substan- 


tially more favourable prospects to them, . 


with the result that we lost many physicists 

in the ‘‘brain drain’’ of the fifties and 

sixties. One result of all this was that very 

few good physicists returned to the schools 

to bring on the new generation; and despite 

efforts to make the physics syllabus more 

attractive, the teaching of physics suffered 

considerably. The government had 

therefore fostered the paradoxical 

situation in which, because it realized that 

physics was so vital, its short-term actions 

weakened the long-term future of the 

subject. We have not yet recovered. It is an 

interesting example of Dean Inge’s dictum 

that ‘‘nothing fails like success”. z 
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Chemistry: the formative years 


George Porter 


WITHOUT implying cause and effect, it can 
be argued that the three decades following 
the foundation of the British Association 
in 1831 coincided with the beginning of 
modern post-Newtonian physics — and of 
chemistry as a molecular science. 

Michael Faraday discovered electro- 
magnetic induction on 29 August 1831, just 
one month before the first meeting in 


York. During the same period the par- 


ticulate description of matter was forced 
upon reluctant and doubting physicists by 
the successes of the atomic theory in 
chemistry: the first president of the 
committee of chemical sciences of the 
British Association was John Dalton, 
whose contributions to atomic theory had 
been made nearly thirty years earlier. Yet 
by the time the British Association was 
founded, chemical theory was in such 
disarray that few chemists held out any 
hope that Dalton’s ‘‘compound atoms’’ 
represented anything real or even useful. 
Here are some typical statements of the time: 


Berzelius — Many scientists have cast doubt 
on the identity of atoms and volumes: but 
as both theories are only methods of des- 
criptions meant to elucidate the way in which 
elements combine together, and provided no 
one pretends that this is what really happens 
in nature, those theories must be adjudged 
the best which provide the simplest 
explanations. 
Dumas — What remains of our ambitious 
incursion into the realm of the atom? 
Nothing; or at any rate nothing of impor- 
tance. All we have gained is the conviction 
that chemistry has gone astray as she always 
has done when, abandoning experiment, she 
has tried to walk in the dark without a guide 
. If I had my way, I would expunge the 
word atom from the vocabulary of science. 
How could it be that after the great 
advances in experimental chemistry by 
Priestley, Lavoisier and Davy, and after 
Dalton’s apparently clear indication of the 
way to proceed, chemistry should have 
reached an impasse? 

The reason is, of course, that the 
physical basis of the atomic theory was 
non-existent, even contradictory. Even the 
great Newton had not helped. The develop- 
ment of the atomic theory was hindered by 


Newton’s theory of the pressure of a gas, 


which he attributed to a repulsive force 
between the particles proportional to the 
distance between their centres. Thus, 


‘whilst Dalton’s model of a compound 


atom (molecule) was modern, his model of 
many such atoms in a gas was completely 
misleading. And Avogadro’s hypothesis, 
proposed correctly in 1811, was taken to 
refer to atoms rather than to particles (as it 
must if Newton’s view was correct) and this 
in turn led to an atomic weight of eight for 
oxygen, six for carbon and to the formula 
OH for water. it was not until the Karlsruhe 
conference of 1860 that the terms atom and 
molecule were finally defined. 





Before an atomic theory of matter 
compatible with commonsense logic as well 
as with established observations could be 
developed, two areas of confusion had to 
be cleared up. The first concerned the dis- 
tinction between compounds or mixtures, 
leading to the idea of valency, the structure 
of molecules, stereochemistry and pointing 
the way to organic chemical synthesis. The 
second concerned the nature of heat, which 
led not only to kinetic theory but to the 
great laws of thermodynamics. 


Molecular weights 

The first sentence of the first report of the 
chemical committee of the British 
Association in York in 1831 began “H 
appears to the committee of supreme 
importance that chemists should be 
enabled, by the most accurate experiments, 
to agree in the relative weights of the 
several elements, hydrogen, oxygen and 
azote”. The committee was to report in the 
following year, at Oxford. But this 
committee got no further. Its chairman, 
James Johnston, reported that ‘‘in some 
cases the evidence in favour of the greater 
or the less number [of atomic weights] is so 
equally balanced as to render the decision a 
matter of great difficulty and one on which 
the most eminent chemists disagree’’. 

After adiscussion on chemical notation, 
which compared the advantages of the 
formulae N + 2C + O with the shorter but 
‘‘algebraically less correct! NCO for 
cyanic acid, the committee regretted that 
‘‘chemical formulae have not hitherto 
obtained much favour in England but the 
state of the science makes their adoption 
imperative”. Gradually chemical formulae 
were introduced and, rightly or wrongly, 
they provided for the first time a clear pro- 
position that could be tested. 

Inorganic or ‘‘mineral’’ chemistry had 
by this time been immensely successful in 
identifying the elements and many classes 
of their compounds and in establishing the 
conservation of mass in chemical reac- 
tions. The need for a structural theory was 
not felt. But at the meeting in 1841, the 
president of the British Association, 
Charles Dubeny, Professor of Botany in 
the University of Oxford, said: 

A philosopher like Sir Humphry Davy, 
who had contributed in.so yee- 
to bring the science [of ch 
satisfactory condition, mij 
his career, have despaired i 
sl or his name to. 


the Western emcee to t 
cangur ‘and corpora. 
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But now the gulf was being bridged, and it 
was the new breed of organic chemist who 
slowly tentatively introduced the ideas of 
molecular structure and valence. There was 
no single chemist, no one flash of insight, 
appearing to illuminate the darkness 
and confusion. Rather, the truth emerged 
slowly, the result of the accumulated 
evidence of many men, and was forced ona 
generation that seemed obstinately reluc- 
tant to formulate the obvious and indis- 
pensable theory of valency. These men 
included Williamson, Gerhardt, Odling, 
Couper, Frankland, Crum Brown and 
Kekule, names almost unknown except to 
other chemists. 

In the early 1850s, Edward Frankland 
was trying to isolate radicals such as methyl 
and ethyl, groupings which occurred over 
and over again. He was not successful but 
he did isolate ‘‘a new series of organic 
bodies containing metals’’ such as the zinc 
alkyls. His paper published 10 May 1852, 
contains the following sentence: 

Without offering any hypothesis regarding 
the cause of this symmetrical grouping of 
atoms, it is sufficiently evident from the 
examples just given that such a tendency or 
law prevails and that, no matter what the 
character of the uniting atoms may be, the 
combining power of the attracting element, 
if | may be allowed the term, is always satis- 
fied by the same number of atoms. 
Thus the idea of valency was stated clearly 
and correctly; Frankland is justly called 
“the father of the theory of valency’’. Yet 
far from having a profound effect on the 
thinking of the chemists of that time, it 
caused hardly a ripple of interest. Indeed 
the secretary of the Royal Society 
(Professor Stokes) left the paper in his 
drawer, delaying publication for a year. 

Frankland himself was partly to blame 
for not realizing that the follow through is 
as important in scientific discovery as in 
golf. He did not follow up his idea with 
purely organic compounds, nor did he 
clearly demonstrate the tetravalency of 
carbon. This was to come five years later 
from Kekule and Couper, followed by the 
first modern-style structural formula from 
Crum Brown in 1864 and, in the following 
year, Kekule’s ring structure for benzene. 
So, in 1863, Williamson reported to the 
British Association ‘‘We have now definite 
and intelligible families of bodies, of which 
the members are most harmoniously united 
together by some law of composition and 
whose connection with neighbouring 
families is similarly clear and satisfactory’’. 

It was left to Hoffman to make the 
imaginative leap from formulae on a 
printed page to molecular models, with 
croguet balls for atoms and sticks for 
chemical bonds. He introduced these, and 
the colour notation still in use, in a dis- 
course before the Prince of Wales on 7 
April 1865. But even the most imaginative 
minds are capable of only one leap at a 
time. Thus it was that Hoffman copied all 
his molecular models from the printed page 

in two dimensions. It was ten years 
later that Van’t Hoff and Le Bel made the 


final transition to three dimensions and the 
tetrahedral carbon atom. Three years 
before Mendeleev had published his periodic 
classification of the elements, bringing 
system to inorganic chemistry and the 
implication that valency arises from some 
deep seated structure in the atom itself. 

The introduction of the three- 
dimensional molecular model, with its 
clearly defined valency rules, heralded the 
arrival of chemistry as a scientific discipline 
separate from physics and almost entirely 
self-sufficient. The developments of these 
twenty formative years owed little to 
classical physics or mathematics and 
henceforth the ‘‘natural philosophers”? 
divided themselves more distinctly into one 
of two camps, chemistry and the rest, 
which was given (by Tyndall) the new name 
of physics. 

Rutherford’s well known pronounce- 
ment that chemistry is a branch of physics 
and the rest of the sciences are stamp 
collecting (which the Nobel Prize Com- 
mittee so fittingly rewarded by giving 


Rutherford the prize for chemistry) missed 


the point that there is a real difference 
between the approaches of the chemist and 
the physicist. Both sciences have been enor- 
mously successful. But the single tool most 
indispensable to the physicist’s logic is 
surely the mathematical equation. The 
chemist’s indispensible tool is the 
molecular model. When scientists become 
computers, the physicist computer will be 
digital and the chemist will be analog. Of 
course the physicist uses models, but he 
feels a sense of incompleteness until they 
have been reduced to mathematical 
equations. The chemist’s experiments 
usually yield numerical data but, in most of 
organic and structural chemistry, the 
objective is to convert the numbers not into 
mathematical equations but into models. 
To avoid further blasphemy I will now 
declare myself a physical chemist, one who 
tries to have the best of both worlds. And 
the years shortly after the foundation of the 
British Association were the formative 
years for much of this science also. 
Chemists have always realized that 
chemical change is intimately connected 
not only with change of chemical structure 
but with the appearance of heat and, often, 
fire and flame. The closeness of this con- 
nection in the chemist’s mind is nicely 
indicated in the little book from which 
Michael Faraday began his studies, Con- 
versations in Chemistry by Mrs Marcet. In 


the table of the chemical elements are 
included heat (caloric) and light. In spite of 
the statements by Rumford, Young, Davy 
and others that heat was a mode of motion of 
the particles of matter, its connection with 
other forms of energy was obscure. 

At British Association meetings between 
1840 and 1850, James Joule, a student of 
John Dalton, described his conversion of 
mechanical energy into heat and his quanti- 
tative measurement of the equivalence 
between the two. At first they made little 
impression. But at the 1843 meeting, 
William Thomson, later Lord Kelvin, was 
intrigued and excitedly told the others 
present how important the paper was — 
although probably incorrect. What 
Thomson knew, and Joule and the others 
present did not, was that earlier, a young 
French engineer, Sadi Carnot, had 
published a monumental paper on the 
reverse process, the production of work 
from heat, with particular reference to the 
steam engine. In fact, Carnot and Joule 
were talking about different things .. 
Carnot had stated the second law of 
thermodynamics and Joule the first law. 

Thermodynamics emerged at about the 
same time as structural chemistry, and was 
again a gradual dawning of understanding, 
involving many great men among whom 
Clausius and Kelvin are particularly note- 
worthy. Its full significance emerged only 
very slowly and very few understood the 
entropy concept of Clausius; Kelvin was 
one who did not. Later were to come the 
statistical interpretation of thermo- 
dynamics and, as late as the 1950s, the con- 
nection with information theory. The 
difficult birth of thermodynamics might be 
said to be due to the fact that it was a breech 
delivery; only today, by starting with 
statistics and information, have we got the 
thing logically the right way round. 

With the relation between heat and 
energy clear, the way was open to sweep 
away the remaining difficulties of the 
Newtonian and Daltonian atoms, for 
Clausius to introduce the kinetic theory 
of gases in 1857, and for Loschmidt to 
calculate the actual number of molecules in 
a given volume of gas in 1865. So the years 
between 1831 and 1865 saw the foundation 
of organic chemistry as a science and the 
establishment of the two great pillars of 
physical chemistry, thermodynamics and 
kinetic theory. As the British Association 
enters the second half of its second century 
let us hope that the best years are to come. 


The engine we call our Earth 


E.R. Oxburgh 


THE Greek philosopher Heraclitus 
maintained as his fundamental axiom 
navta ġe: — ‘everything flows’. If his 
words had been heeded by those studying 
the many diverse aspects of the Earth in the 
earlier half of this century, a sterile, non- 
productive and sometimes bitter contro- 


versy extending over several decades might 
have been avoided. The problem was that 
two groups of scientists with different 
backgrounds and even different scientific 
philosophies confronted each other over a 
fundamental question concerning the 
behaviour of the Earth: the question 
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of continental drift. 

Many geologists followed the approach 
of the observational and empirical natural 
historian. They argued that the distribu- 
tion of past climates as recorded in the 
rocks, and the distribution of past faunas 
documented in the fossil record, were 
inexplicable if the continents had always 
been where they are today. It was just 
conceivable that the evidence for large ice 
sheets in sub-equatorial regions (for 
example, southern India) could be 
explained by an extraordinary and in- 
explicable warping of the Earth’s climatic 
belts, but this could not explain the striking 
similarities in faunas and evolutionary 
history observed in land areas now 
separated by wide oceans. Observations of 
this kind, and the fact that some of the 
continents could be fitted together 
reasonably well as a kind of crustal jig-saw 
puzzle, led them to accept that during the 
history of the Earth, continents had moved 
both with respect to each other and with 
respect to the poles of rotation. Others, 
those who approached the Earth from a 
more physical point of view, reached a very 
different conclusion. The enormous suc- 
cesses of seismology in the mid-1930s led to 
the recognition that the patterns of arrival 
times of seismic waves could be explained 
almost entirely by an Earth within which 
seismic velocity increased downwards to 
about 3,000 km, at which depth there was a 
sharp decrease. This was the evidence for 
the Earth’s liquid outer core. Equally it was 
evident that if a major earthquake 
occurred, the Earth behaved as a gigantic 
bell struck by a hammer; it simply rang, 
and the reverberations echoed round the 
Earth for several hours after it occurred. 
This was excellent evidence that the outer 
part of the Earth was strong and rigid. 


Seismology 

And if the geologists did not believe 
seismology, what about mountains? 
Everest was nearly 10 kilometres high and 
was composed of rock with a density of 
about 2,850 kg per m?; the rocks at the base 
of the mountain had to be able to withstand 
stresses of around 108 N per m?, for 
otherwise they should crack and the 
mountain would collapse — the height of 
any structure is limited by the strength of its 
building materials. This seemed to 
corroborate the seismological conclusion 
— the Earth was simply too strong for 
continental drift to occur. 

There followed a classic confrontation. 
With the benefit of hindsight, it is easy to 
argue that this should never have occurred. 
The ‘‘strength paradox’’ had been familiar 
to generations of geologists but had not at 
that time entered geophysics in an 
important way. The study of the rocks in 
some mountain belts had shown the 
materials observed at the Earth’s surface to 
be hard and strong, and contained clear 
evidence that in the past they had behaved 
in a highly ductile fashion or even like 
viscous fluids. 
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Another observation might also have 
caused both geologists and geophysicists to 
stop and think. The ice of mountain 
glaciers can behave both as a brittle solid 
and as a fluid. On time scales of months 
and years, ice flows slowly downhill in fluid 
fashion even in some cases displaying the 
swirls seen in river flow; yet on a short time 
scale, ice is a hard substance which has to 
be hammered, sawn or even blasted. If the 
criteria that had been used to establish the 
strength of ice had been used to establish 
the strength of rocks in the continental 
drift argument, it would have been easy to 
show that the downhill flow of glaciers 
under their own weight is impossible. 

Clearly something was wrong with the 
strength arguments. The answer lay in a 
phenomenon which had been known to 
engineers and materials scientists for some 
years — the phenomenon of creep. Creep is 
observed in materials that are subjected to 
relatively low stresses for very long times; 
the materials simply deform continuously, 
but very slowly, like fluids with an 
extremely high viscosity. In a crystalline 
substance, the deformation is ac- 
complished by small-scale processes 
operating within and between the 
component crystals and which may involve 
the diffusion of chemical species through 
crystals or along grain boundaries, and the 
change of shape of individual grains by the 
movement of dislocations within them. All 
such processes operate most rapidly in 
materials near their melting point. 

It is clear, therefore, that before talking 
of the ‘‘strength’’ of rocks it is necessary 
both to specify the time scale and to know 
something of their temperature. Rocks at 
the Earth’s surface are between 600 and 
1,000°C below their melting temperatures 
and thus creep so slowly that even on 
geological time scales of millions of years, 
they may be regarded as solids which are 
brittle and strong. In the Earth, however, 
temperature increases relatively rapidly 
with depth and, below a few tens of kilo- 
metres, creep occurs so readily that on time 
scales of more than a few millions of years, 
rocks must be considered as fluids even 
though they are perfectly normal crystal- 
line solids, in the same way as glacier ice. 

Therefore the paradox is resolved — the 
same material may at the same time be 
‘‘weak”’ or “‘strong’’ — as is the apparent 
conflict between the seismological and the 


geological evidence on continental move- . 


ments. The question remains of how and 
why these movements occur. 


Slow motion 

Continents are today moving with respect 
to each other at rates of a few centimetres 
per year — about the rate of growth of 
human fingernails. The surface of the 
Earth seems to be made up of nearly a 


dozen internally rigid plates which are in 


continuous motion with respect to each 
other. They may slide past each other on 
major fault zones such as the San Andreas 
fault of California, or they come together 
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with one plate overriding its neighbour — 
this is happening in the Japanese islands — 
or they may move apart. Where plates 
move apart, mid-ocean ridges form and 
hot material wells up from the Earth’s 
interior to occupy the space left as the 
plates separate. Because the plates are 
internally rigid, most of the Earth’s earth- 
quakes, volcanoes and mountain chains 
occur along their margins where they 
interact with each other. The continents are 
parts of the plates where the crust is un- 
usually thick, and they simply move with 
the plates to which they belong. The region 
between the crust (10 ~ 70 km thick) and the 
core is known as the mantle and it is within 
the uppermost mantle that the effective 
transition from strong to ductile behaviour 
occurs. The plates have a capping of crust 
on top of some tens of kilometres of 
mechanically coupled mantle. 

The only energy source available that is 
sufficiently large to drive the surface 
motions is the Earth’s heat, which is being 
continuously lost at a rate of about 60 mW 
per m? and which is mostly derived from 
the decay of unstable isotopes of UU, Thand 
K. Rocks are very poor conductors of heat 
so that if the interior of the Earth is capable 
of behaving as a very viscous fluid, radio- 
genic heating ought to be sufficient to set 
up unstable distributions of density leading 
to the onset of convection. The effect of 
convective motions is to allow the Earth to 
cool more efficiently by moving hot 
material from the interior towards the 
surface. The converse of this proposition is 
telling. If convection did not occur and the 
only means of heat transfer within the 
Earth were conduction, the interior of the 
Earth would probably be largely molten. 

So it is tempting to view the Earth as a 
great vat of molasses or syrup heated in 
some way from below and slowly churning 
over with well defined zones of ascending 
and descending flow, and perhaps a regular 
and organized afrangement of convection 
cells within it. Although this is how many 
familiar fluids behave, it is not the most 
appropriate model for the Earth’s mantle. 


For the Earth's heat sources are — 


dispersed throughout the convecting zone 
rather than beneath it and, moreover, the 
behaviour of the Earth is dominated by 
cooling from above rather than heating 
from below. A better model is to think of 
the vat of molasses as of nearly uniform 
high temperature but with a fan blowing 
cold air across its upper surface. The effect 
is to chill the near-surface material, making 
it more dense than the main body of the 
material below. If at the same time, the 
material also becomes more viscous, a thin 
near-surface layer (a so-called boundary 
layer) is developed that is both stronger and 
denser than the underlying hot | m 
This layer tends to sink because it 

than the material beneath bi 
viscosity and ‘‘strength 
mechanical cone a 
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into the hot mantle below and new hot 
material would well up to take its place at 
the surface, cooling in turn to form a new 
boundary layer. 

This is exactly how the Earth behaves. 
The surface plates which are continuously 


in motion are parts of the surface boundary. 


layer, about 100 km thick. Where they 
converge, one plate slides under another to 
be resorbed in the Earth’s interior; where 
they separate, as at the mid-ocean ridges, 
new hot material wells up from below and 
freezes onto the trailing edges of the 
diverging plates. 


Heat source 

The Earth is therefore a great heat engine 
fuelled by the radioactive decay of unstable 
isotopes within it. The thermal energy is 
‘converted into mechanical energy by the 
sinking of dense, cold near-surface 
material and by the rising of hot, more 
fluid material, to take its place. The surface 
motions of the plates are simply part of the 
process by which heat is transferred from 
the interior to the surface, and the 
contrasting behaviour of the strong rigid 
near-surface zones and of the ductile 
interior reflects the very strong dependence 
of creep rates on temperature. 

This model suggests that the Earth has 
no permanent crust and that it is all ‘‘dis- 
posable”. Plates move with characteristic 
velocities of a few centimetres per year and, 
taking account of the number of plates and 
the surface area of the Earth, an individual 
piece of crust should on the average spend 
about 100 million years at the surface. But 
one hundred million years is only a few per 
cent of the age of the Earth and while this 
age agrees well with what is known of the 
age of the ocean basins, continental rocks 
are found in some places to be as old as 
3,800 million years, nearly as old as the 
Earth itself. 


New model i 

So a more elaborate model is needed. 
Continental crust is three to four times 
thicker than that in the ocean basins and is 
composed of low density minerals so that 
its overall density is less than that of the 
underlying mantle. The continental parts 
are therefore never gravitationally 
unstable, and are not carried back into the 
interior of the Earth to any great extent. 
Insofar as most plates have both oceanic 
and continental parts, the process of 
subduction (the sliding of a plate back into 
the mantle) continues until a continental 
region reaches the point of downturning 
into the mantle. At that point the buoyancy 
of the continent prevails and subduction of 
that plate ceases. When that happens there 
has to be a worldwide readjustment of plate 
motions. 

It is likely that the motions observed at 
the surface today have been occurring since 
the formation of the Earth. In earliest times 
their character may have been rather 
different. Rates of movement may have 
been higher and there may have been more 


and thinner plates. But it seems that 
although the continents have been broken 
apart or brought together many times by 
plate motions, they have remained 
sufficiently buoyant to stay at the surface 
and not to be carried back into the Earth’s 
interior. 

Had this not been the case, suitable 
environments for the fostering of early life 


might well not have developed and we 
might not have been here today. Evenif we 
had been, we should have found geology a 
much more speculative subject than it is at 
present, because our record of the past 
would have been limited to what could be 
learned from rocks representing only the 
most recent few per cent of the history of 
the Earth. a 


The Earth as the home of man 


M.J. Wise 


IDEAS concerning the influence of en- 
vironment upon man and of man on 
environment are deep-rooted. ‘With the 
eighteenth century’’, observes Clarence 
Glacken ‘‘there ends in Western 
civilization an epoch in the history of man’s 
relationship with nature’’!. Cook’s 
voyages had revealed the essential outline 
of the map of land and sea, and the time 
was ripe for the exploration of the interiors 
of the continents. The Western world was 
becoming industrialized and spreading its 
tentacles of trade: technical changes in 
industry and transport were helping to 
reshape definitions of resources and the 
value of locations. New principles of a 
more specialized science were questioning 
long-held ideas about the ‘‘design’’ of the 
Earth. The growth of population itself 
stimulated thought about man’s rela- 
tionship with nature, not least about the 
resource capacity of the Earth. Concern 
with the welfare of people, even if slow to 
emerge and to translate itself into action, 
began to show itself. 

At the time of the foundation of the 
British Association the world was still 
becoming known to Western science. Only 
unconnected strips of coastline had been 
traced along the coast of Arctic America. 
In the Antarctic, Captain Biscoe had 
discovered Graham and Enderby lands. 
The Beagle was setting out on its 
momentous journey. Australia was 
virtually terra incognita. Humboldt was 
back in Berlin, his Russian enterprise which 
had taken him to the upper reaches of the 
Ob and the Irtysh, behind him*. But in 
India, the Great Survey was in progress 
under Sir George Everest’s leadership. And 
in North America the professional 
surveyors were succeeding the explorers 
and the frontier was on the move 
westwards. 

It was a world of about one thousand 
million people. London, the greatest city, 
had already reached one million. What 
Lewis Mumford} has termed the Palaeo- 
technic phase was gathering strength in 
Western Europe and North America: coal 
mines and iron works were changing the 
countryside, factories were drawing men 
and women into industrial towns and 
villages. The railway was in its infancy; the 
steamship had yet to prove itself. 


How, amidst the revolutionary changes 


that have taken place since then, can we 


measure the progress that has been made 
both in our knowledge of the surface of the 
Earth and the processes of change, natural 
and human, at work on it, and in the 
application of knowledge to the 
improvement of the conditions of human 
life? Without doubt we can speak of 
development and also of evolution. Can we 
also speak of progress? Until the time of 
the first World War the idea of indefinite 
progress had been assumed as an axiom. 
Today we are less certain. 

The problem itself has changed. The 
world, we say, has shrunk with the advent of 
air transport, radio communications and 
orbiting satellites. The exploration of space 
has caused us to reflect on the limited size 
of the Earth. Now the people of the Earth 
are more than four times as many as in 1831 
and the prospect of further rapid growth to 
seven or more million must be faced. 
Where, we ask, are the resources to be 
found to feed, clothe, house and employ 
such an increase? 

Meanwhile one fifth of the world’s 
population exists in states of under- 
nourishment. Great urban megalopoles 
have risen in North America, Western 
Europe and the Far East. There is a highly 
uneven distribution of wealth both within 
and between countries and the gap between 
the ‘‘developed’’ and the ‘‘developing”’ 
world widens annually. The pollution of 
land, sea and air makes news. In spite of the 
significant improvements in length of life, 
states of health and standards of living in 
many lands, dissatisfaction and 
community strife fill the headlines in our 
newspapers. 

For the student of relationships between 
society and the environment, such a period 
of dynamic change arouses great 
excitement. It also occasions special 
difficulties. The problem is no longer only 
that of observing societies in direct contact 
with the physical environment. Much of 
the Earth has now been modified by man 
and great industrial conurbations provide 
an artificial environment. 


Role of science 

The environmental problem has widened. 
Problems of the environment figure 
strongly in the programmes of work 
of most of the subject specializations that 
have recently emerged. Whether we have 
yet succeeded in obtaining a satisfactory 
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integration between disciplines in problem 
definition, research organization and the 
analysis of findings is another question. 

How can science play its part in assisting 
the adaptation to new circumstances of 
societies with long established systems of 
personal and community relationships, 
land tenure patterns, forms of political 
organization? Progress may call for new 
forms of training which, while providing 
scientific expertise, also sensitize scientists 
to the significance of social and economic 
conditions. 

In considering the importance of 
Darwin’s work we no longer deflate the 
significance of Humboldt, Wallace and 
others. D. G. MacRae has observed that 
‘Darwin helped to liberate the social 
sciences and even to create the possiblity of 
their development’’. Man, it was shown, 
‘‘might be more than a part of nature but 
he was certainly part of it’. New doors 
were thus opened for the study of man- 
environment relationships. 

Many attempts during the second half of 
the century to develop a theory of society- 
environment relationships exhibited what 
is now seen as a crude determinism, 
attempting to establish causal correlations 
between natural conditions and social 
behaviour. 

At the end of the century, Mackinder’s 
Britain and the British Seas was posing the 
problem of the rise of metropolitan regions 
in which men and women lived lives 
detached from nature. ‘‘Nowhere’’, wrote 
Louis Wirth, ‘‘has mankind been farther 
removed from organic nature than under 
the conditions of life characteristic of these 
(great) cities’’*. So, the influence that city 
environments exert upon the social life of 
man became absorbing subjects of study. 
How do we recreate environments out of 
decline and decay to meet modern 
standards of value? Meanwhile, Alfred 
Weber had begun in 1909 a new strand of 
thought about the location of industry and 
the effects of the localization of industry on 
the growth of industrial conurbations. The 
discussion of his views and of counter views 
such as those of August Lösch continues to 
this day. 


Resources 

Societies have always been concerned with 
the problem of resources. The spectre of 
Maithus has risen again and again. 
Individual nations have taken steps to 
conserve stocks or to develop home-based 
supplies. In our own day the problems of 
food scarcities in the midst of plenty, the 
future of energy resources and the 
supposedly finite nature of Earth resources 
are raised as major issues. Yet there are 
many differences between the problem as 
seen then and now. First is the great 
extension of our knowledge of the 
resources. Substances then hardly known 
are now the bases of major industries. New 
complex industrial systems based upon the 
applications of invention, skill and 
experience provide us with intellectual as 
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well as material resources. Second the view 
of the world and its resources has changed. 
Whereas, in the nineteenth century, 
economists were concerned with the 
expansion of the world market, today we 
have greater concern for global stocks and 
the rates of use. The idea of “One World’ if 
not yet wholly accepted, finds expression 
as, for example, in the recent report of the 
Brandt Commission. Third, resources 
are, we now understand, not simply 
substances reposing in or on the Earth but 
appraisals made by man, arising from his 
skill, ingenuity and wealth, of what is 
useful or likely to be useful. And there is, 
perhaps, if still no cause for complacency, 
more evidence than there was of mankind’s 
ability to survive. 

One of the clearest signs of progress is 
the widespread acceptance of the idea of 
conservation. George Perkins Marsh had 
been writing on ‘‘man’s alteration of the 
landscape, intentional and unintentional, 
desirable and dangerous’’ since 1847 and 
his great work Man and Nature appeared:in 
18646. Marsh was not concerned with 
theory but with the lessons of mis-use 
derived from experience. By understanding 
the true impact of his activity man could yet 
learn ‘‘to change the face of the Earth in 
rational constructive fashion’’ and so to 
improve the lot of mankind. Similar ideas 
were being spread in Europe by A.L 
Woeikof and the theme gathered strength. 

The influence of themes of conservation 
as preservation for future use and 
enjoyment has grown strongly. Political, 
economic and social have been linked with 
scientific considerations. However, 
acceptance of the idea that ‘‘conservation 
is primarily a process of choice’’ still leaves 
much room for debate. 

The general principles, devised mainly in 
Europe and North America, have not yet 
found universal acceptance. Many of the 
poorer countries, as the United Nations 
Conference on the Human Environment 
discovered in 1972, must still give priority 
to short-term needs. Nevertheless, there are 
signs of progress. The United Nations 
Environment Programme was established 
in 1972. The International Union for the 
Conservation of Nature and Natural 
Resources has published its World 
Conservation Strategy (1980) and 
widespread interst in conservation policies 
has been demonstrated by governments’. 

Such strategies display clearly the 
influence of other ideas, especially the 
acceptance of the basic principle of 
ecology. The term was first used in 1868 by 
Ernst Haeckel but it was not until about 
1900 that the study took formal shape. By 
that time the work of description and 
classification of climatic conditions as well 
as of plant life had made possible the 
publication of Schimper’s Plant 
Geography (1898). The development of the 
concept of ecosystem by Tansley (1935) 
enhanced the value of ecological 
approaches in the study of man— 
environment relationships. The integrating 
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nature of the concept brought together 
man and environment in a single 
framework. It opened the way to studies of 
structures and of functions. It pioneered 
the application of systems and model 
building approaches. The ecological 
approach has extended far beyond the 
study of the biological environment. 

The work of the sociologist Frederic Le 
Play (1806-62) the starting point for 
another influential approach, the study of 
regionally organized societies. His regional 
survey method lec to the diagnosis of socio- 
environmental conditions and created a 
framework which provided a basis for 
regional planning. The influence can be 
traced at work in the regional pians of great 
architect planners like Raymond Unwin 
and Patrick Abercrombie. Our New Towns 
and Green Belts present us today with 
practical outcomes of these ideas. 
Governments began, haltingly at first, to 
assume responsibility for the character-and 
quality of urben environments. The 
pioneers of the approach greatly changed 
the climate of public opinion. The 
powerful writings of Lewis Mumford 
called for the injection of new standards of 
value into urban and regional designs. 

My selection of themes of comment is 
essentially personal. I cannot exclude from 
mention the emergence of the concept of 
the ‘“‘region’’. It had many roots, some 
arising from the need to provide areal 
classifications of the Earth’s surface for the 
study of plants, climates, population, 
economies, religions etc. Herbertson's 
concept of ‘‘natural regions’ (1905) 
marked an important step forward. Such 
scientifically based regions replaced 
political divisions as units for the teaching 
of geography. The “region” became an 
integrating concept for study of relations 
between society and environment. 


More to do 

In spite of many signs of progress, much 
remains to be done. The problems created 
by population growth, widespread regional 
inequalities, the existence of deprivation, 
the varied perceptions that societies hold of 
their needs, grow in scale year by year. 
Science itself needs more resources. Its task 
of creating awareness of the problems and 
of the vitality of its applications to the 
improvement of human life is of greater 
importance than ever before. The 
problems of integrating approaches fr om 
the natural and social sciences. and fromt pthe 
humanities have not been fully solver 
study of the human environment has 
profited from the problem formulation, 
experimental design and care for 
measurement of the natural sciences. There 
has been progress in the adoption of 
human needs and values in the assessrnent 
and application of scientific work. 

So the problems of the environment are 
‘In part, they are 
technical, challenging us to improve the 
standards of living of men without harm to 
basic resources of land, air and ocean. 
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They are in part economic, challenging us 
to count the costs and to form a truer sense 
of values towards land and landscape. 
They are in part political, commanding us 
to combine in improving our institutions 
and our rules for environmental 
management. They are in part problems of 
forecasting, requiring breadth of vision. In 
matters of the environment, men may in 
Mackinder’s words ‘“‘be masters of their 
destiny always provided that they be master 
of their minds’. And there are many minds 
for us yet to capture. 

Friedrich von Schiller, historian and 
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Exploring the lively 
Earth 1831-1981 


John Sutton 


THE more we learn about the Solar System, 
the more striking becomes the liveliness of 
the Earth, whose outer parts have been 
changing for 4,500 million years in 
response to the flow of heat from the 
interior. This central concept, which is 
rooted in Hutton’s 200-year-old ‘“Theory 
of the Earth’’, opens the way to two lines of 
enquiry. What changes take place within 
the Earth and how are they brought about? 
How can one record the geological history 
of these changes? 

When the British Association first met, 
these two enquiries had been under way for 
some 50 years. The discovery that fossils 
can be used to determine the order in which 
sedimentary rocks have been deposited, by 
William Smith in southern England, 
closely followed Hutton’s proof in the late 
eighteenth century in Scotland that the 
Earth had a history and had not been 
created in an instant as biblical tradition 
had it. But attempts to understand the 
physical processes at work within the Earth 
faced intractable problems. 

Although Macculloch and con- 
temporaries in the 1820s had realized that 
an understanding of chemical principles 
was essential to geology, the physical 
sciences had not reached the stage where 
they could explain many geological 
phenomena. Mathematical modelling of 
the Earth’s interior had, however, begun; 
Poisson and Fourier had set out to consider 
temperatures within the Earth and 
Hopkins (1829) was to show that 
convection could occur and that solid rock 
must extend downwards for many 
hundreds of kilometres. Real progress in 
this direction had to wait for over a 
century’s advance in physics and chemistry 
and for identification of slow, but signifi- 
cant geological processes such as sea level 


changes or opening and closing of oceans. 

The rapid development of a practical 
method of establishing the history of the 
fossiliferous sedimentary rocks (but not of 
the crystalline rocks, whose dating had to 
wait until the discovery of radioactivity) 
and the difficulty of putting into practice 
what Macculloch and others saw was 
essential, determined the course of 
nineteenth century geology. 


Plate tectonics 
Whereas success in arranging the 
fossiliferous rocks in their correct order 
contributed to Darwin’s understanding of 
evolution and gave great encouragement to 
stratigraphical palaeontology, investi- 
gations of the physical processes at work 
within the Earth lost momentum. What 
followed was a long hard slog: the 
extension of geological mapping outside 
Western Europe, the development of new 
instruments and the patient building up of 
knowledge of the non-fossiliferous igneous 
and metamorphic rocks which make up the 
bulk of the crust. These eventually brought 
about the general understanding of the 
behaviour of the crust and mantle, which 
goes under the name of plate tectonics. _ 
This hypothesis, accepted in the 1960s, 
stands along with Darwin's work a century 
earlier and that of Hutton and William 
Smith at the turn of the eighteenth century 
as one of the three major advances in 
geological thought. The timing of these 
three advances, two achieved in the first 75 
years of systematic geological enquiry, the 
third not until a century later, is 
illuminating. Such purely geological steps 
as the recognition of past ice ages, the 
detection of huge overthrusts within 
mountain chains and the identification of 
past faunal provinces, to mention only 


three advances, were essential parts of the 
long study of the Earth which preceded the 
plate tectonics paradigm. 

It is not too difficult to recapture the 
mood in which geologists approached the 
first meeting of the British Association. 
Just as today geological understanding is 
advancing rapidly in the wake of the grasp 
of plate tectonics, so in 1831 geology was in 
turmoil as the thinking of Hutton and 
Smith was being applied to problem after 
problem. Murchison and Sedgwick were in 
the field at the start of their campaign to 
bring order to the Palaeozoic; incidentally 
Darwin had his first experience of 
geological field work during a fortnight 
with Sedgwick in the summer of 1831. The 
same year saw the publication of the 
opening volume of Lyell’s Principles of 
Geology, 13,000 copies of which were 
printed. Darwin was to have a copy in his 
cabin when he set off in Beagle in 
December of that year. De la Beche had 
begun the geological mapping of south- 
west England which led to the setting up of 
the Geological Survey, the first in the 
world. The Geological Section of the 
British Association had a spectacular start 
and was the largest section at the first 
meeting, Murchison reported on his field 
work and, in 1835, jointly with Sedgwick, 
read the paper establishing the Silurian and 
Cambrian systems. At the Newcastle 
meeting in 1938, the membership of 
Section C had risen to 1,500 and when 
Sedgwick lectured out of doors on that 
occasion, 3,000 people attended. The 
geologists found the new organization 
particularly suited to their multi- 
disciplinary needs, while the timing of the 
meeting in early autumn provided an ideal 
opportunity to announce the discoveries 


„made that year in the field. 


Geologists played a large part in the 
association as a whole in its early days, 
when the sciences were interlinked. This 
wide range of knowledge was precisely 
what the study of the Earth required to take 
it forward from the mineral cabinet and the 
haphazard collections of fossils of the 
eighteenth century. Lyell gave space to 
such subjects as vertical movements of the 
crust and temperature conditions within 
the Earth in early editions of his text book. 
De la Beche, in a text How to Observe 
Geology (1836), included instructions for 
measuring temperatures in the walls of 
mines and for the manufacture of an 
instrument to record earthquakes — 
essentially a tray full of treacle devised by 
Babbage, who thus anticipated the 
seismograph as well as the computer. 

The very nature of geological enquiry 
demands organized methods of bringing 
together the work of individuals. The 
Geological Society of London, the first of 
its kind, predated the British Association 
by a quarter of a century. They provided 
the forum for debate and for the 
publication of advances by individual 
geologists, while the systematic mapping of 
the British Isles by the Geological Survey 
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provided the main impetus for advance. By 
the mid-nineteenth century the Survey 
extended to Wales and Scotland and so 
came face to face with novel problems of 
metamorphic and igneous geology. It was 
through the Geological Survey that zones 
of regional metamorphism were first 
identified in the 1880s, that the field 
relations of Precambrian gneisses were 
established in the 1890s and the 
complexities of British Tertiary volcanoes 
were set out in a long campaign extending 
from the late nineteenth century to the 
1930s. All these advances originated from 
geological mapping of a standard which 
has seldom been equalled. 
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Framework 
During this period the study of crystalline 


rocks on a worldwide scale was greatly. 


helped by the search for minerals in 
Precambrian terrain, sparked off by the 
discovery of gold in South Africa, Canada 
and Australia, which provided the 
incentive for systematic mapping of the 
Precambrian shields. This work provided 
the framework of knowledge of the older 
parts of the crust which when radiometric 
dating became possible in the twentieth 
century, enabled the geological record to 
be extended from the base of the Cambrian 
for 3,000 million years further back in 
time. 

In the mid-nineteenth century, the 
laboratory study of crystalline rocks took a 
great step forward when Sorby developed a 

“method of preparing thin sections of rock 
which could then be examined under the 
microscope. He announced this method at 
the British Association meeting in 1958. 
With this invention it became possible to 
study the relations of minerals within 
crystalline rocks and to determine the order 
in which they had appeared. With the 
development of experimental petrology, 
given a great impetus by the founding in 
1902 of the Geophysical Laboratory in 
Washington, this origin of magmas could 
be investigated. The determination of the 
internal. structure of minerals, made 
possible by the Braggs’ recognition of 
X-ray diffraction, showed for the first time 
how the elements are held within the 
mineral lattices. Since then, Sorby’s 
concern for the detailed examination of 
individual specimens has been extended to 
an understanding of geochemical 
phenomena on a much larger scale. This 
was acrucial development in visualizing the 
structure of the Earth. 

The attempts to establish temperatures 
within the Earth in the early nineteenth 
century and the still earlier study of the 
Earth’s magnetic field mark the start of 
geophysics. That gravity anomalies at the 
surface reflected variations of the densities 
of underlying rocks was appreciated early 
in the nineteenth century, and led Airy to 
the notion of isostacy. The British 
Association played a crucial part with its 
committee for seismological investigation, 
which produced the first systematic record 
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of earthquakes; seismographs were set up 
as far afield as Cape Town and Western 
Australia. The first fruit of the systematic 
study of earthquakes was the delineation 
early in the twentieth century of the Earth’s 
core, mantle and crust. As the depth of 
earthquake foci could be established, the 
remarkable arrangement of earthquakes 
around the Pacific was recognized by 
Benioff, and in the 1960s, when the sense of 
movement in earthquakes could be 
determined, the full significance of the 
distribution of earthquakes became 
clearer: they mark the boundaries of the 
moving plates. 

The study of the magnetism of the Earth, 
the oldest of the geophysical disciplines, 
took on new life in the 1950s, when 
Blackett produced his sensitive spinning 
magnetometer to measure the weak 
magnetic fields which many rocks retain 
from the time they were formed. For the 
first time it was possible to make 
geophysical measurement that referred to 
the geological past. The study of 
palaeomagnetism produced convincing 
evidence of the past movements of 
continents as a result of the work of 
Runcorn and others in the 1950s. The 
recognition that the Earth’s magnetic field 
is reversed at irregular intervals opened 
some remarkable new fields of enquiry. In 
1955 Mason and Raff found large magnetic 
anomalies on the Pacific ocean floor, the 
origin of which became clear through the 
work of Matthews and Vine in 1963, who 
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recognized that the anomalies recorded the 
cooling of the out-pourings of the volcanic 
rock which spread from ocean rifts to form 
the entire ocean floor. 

Once it was realized that the crust and 
upper mantle were in continuous motion, 
the study of rock deformation took on a 
new significance. Structural geology or the 
investigation of deformed rocks began 
with observations such as those of Daniel 
Sharpe, on slates and other metamorphic 
rocks in the mid-nineteeth century; major 
overthrusts were the first identified at this 
time. The contact with civil and mining 
enginering led specifically to the 
development of the subjects of soil 
mechanics and rock mechanics. It led also 
to new methods of investigating how rocks 
are deformed, which in turn has led to an 
understanding of rates of deformation 
within the Earth and thus to our knowledge 
of plate movement. 


Emergence 

This broadening of geological enquiry 
together with the completion for the first 
time of geological maps of all the 
continents and the new-found ability both 
to study the ocean floors and to investigate 
the deeper crust and mantle brought the 
Earth sciences to the point where they were 
equipped possibly for the first time to 
investigate phenomena on a worldwide 
scale. It was no accident that plate 
tectonics, the result of nearly two centuries 
of investigation, emerged whenitdid. C 


Plate tectonics, biogeography 


and evolution 
A. Hallam 


THE link between biogeography and 
lithospheric plate movements, insofar as 
they involve the splitting up and collision of 
continents, is well established but the less 
direct consequences for sea level and 
climatic change have been much less 
thoroughly explored. And although it is a 
truism that organisms have evolved in 
response to environmental change, there 
has been surprisingly little systematic 
attempt to pursue the possible rela- 
tionships between major phases of 
extinction and radiation and the profound 
environmental changes of plate tectonics. 

Plate tectonic processes cause continents 
in some geographical situations to split 
along rift zones and to be carried apart 
passively like giant rafts, while elsewhere 
they collide with each other. Profound 
environmental changes can be provoked by 
such processes. The close relationship 
between ocean floor topography and 
distance from spreading axis supports a 
basaltic cooling model which implies that 
episodes of rapid spreading increase the 
volume of buoyant ocean ridge, causing a 
eustatic rise of sea level. Alternatively, 
times of extensive continental breakup 
correlate with an increase in the cumulative 


length of active spreading ridges, again 
causing sea-level rise. 

Although not conclusively established, 
the movement of continents to occupy or 
surround the poles may have profound 
global climatic consequences because of 
the formation of polar ice caps. 
Comparatively rapid eustatic sea-level 
oscillations can, of course, result from 
short-phase climatic fluctuations which 
affect the ice cap volume. It has been 
suggested that variations in the albedo with 
respect to latitude are a result of both the 
changing distribution of continents and 
sea-level oscillations, and that the increase 
in land area in the subtropics in the past 100 
million years is the most significant cause 
of global cooling during that time. 

The most obvious effect of continental 
breakup is to isolate terrestrial organisms 
by marine barriers, with a consequent 
increase in endemism. The Triassic reptile 
faunas are cosmopolitan because free 
migration was possible across the Pangaea 
supercontinent, but the Cenozoic mammal 
faunas of the different continents exhibit 
significant endemism. What is less obvious 
is that the distribution of neritic organisms 
is also severely restricted by wide barriers of 
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deep ocean, at least if the lifetimes of 
planktonic larvae are less than the time 
required to drift across such oceans. 

As continents have moved apart, there 
should be a recognizable divergence 
through time in the similarity of the 
respective terrestrial and shallow marine 
organisms. Good examples have been 
recognized for the late Mesozoic and early 
Cenozoic faunas of the Americas with 
respect to Europe and Africa. Conversely, 
as continents have approached each other 
and the width of the intervening water 
barrier has correspondingly shrunk, 
convergence should have taken place. The 
outstanding example recognized so far 
concerns the closing of the lapetus Ocean 
during the Ordovician and Silurian. 
Depending on reasonable assumptions 
about migration potentials of larvae and 
adults, a plausible story has been worked 
out of successive migrations across the 
narrowing ocean of graptoloids, trilobites, 
brachiopods, ostracodes and finally, after 
the continental collision, freshwater fish. 

A third pattern of change involves the 
complementary response of terrestrial and 
marine organisms to continental suturing 
across a narrow zone. Cross-migration of 
land organisms gives rise to convergence 
but the creation of a land barrier causes a 
formerly homogeneous marine fauna to 
diverge into two descendent faunas as a 
consequence of genetic isolation. The 
emergence of the southern part of the 
Panama Isthmus during the Pliocene, to 
link North and South America, is the most 
celebrated example, and is probably bound 
up with spreading movements in the Cocos 
Plate to the west. Somewhat less familiar 
though probably of even greater 
biogeographical importance was the early 
Miocene breakup of the Tethys seaway by 
emergence of a land barrier in the Middle 
East. This is bound up partly with 
impingement of Africa~Arabia on Eurasia 
and partly with a major sea-level fall in the 
late Oligocene. 


Sea level change 

It has not yet been widely appreciated that 
changes of sea level can also have profound 
biogeographical effects. Consider, for 
example, the major late Cretaceous sea- 
level rise that led to the creation of the 
North American epicontinental seaway. 
This extended from the Gulf of Mexico to 
the Arctic, thereby isolating the dinosaur 
faunas of the western and eastern 
landmasses. Late Oligocene withdrawal of 
the corresponding Turgai Sea of the USSR 
allowed migration of terrestrial faunas 
across Eurasia for the first time since*the 
mid Jurassic, whereas North American and 
west Eurasian faunas had become isolated 
from each other somewhat earlier by 
opening of the Norwegian—Greenland Sea 
sector of the North Atlantic. As regards the 
neritic invertebrate faunas of 
epicontinental seas, it is reasonable to 
expect times of low sea level to correspond 
with high incidence of endemism because 
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of physical restrictions to free 
communication, and supporting evidence 
can be brought forward from such diverse 
groups as Cambrian’ trilobites, Permian 
fusulines and Jurassic bivalves. 
Apparently converse results have been 
obtained, however, for late Cretaceous 
molluscs, suggesting complicating factors 
that need detailed examination. 

The primary effect of the climatic 
deterioration that has affected the Earth 
during the past 50 million years has been to 
create more temperature-related, 
latitudinally arranged ecological niches 
and hence to give rise to an increase in 
global diversity. The speculation that 
marine invertebrate faunal provinces in the 
Palaeozoic were also climatically 
controlled receives support from the 
evidence of extensive Ordovician and 
Permo-Carboniferous glaciation. In at 
least some examples, however, such as 
Devonian brachiopods, changes in amount 
of endemism through time can more 
plausibly -be related to sea-level changes. 


Cometary impacts 

Whatever the merits of the cometary 
impact hypothesis to account for the end- 
Cretaceous extinctions — and many 
palaeontologists have serious reservations 
— there is a striking empirical relationship 
between mass extinction phases in the 
Phanerozoic and changes of sea level. 
Supporters of the eustatic hypothesis have 
generally related the extinctions of neritic 
faunas to regressions of epicontinental sea 
provoked by falls of sea level, with a 
consequent deterioration of the 
environment as habitats became more 
restricted, but the problem of why 
organisms were not able to survive the 
regressive phases by migrating into refuges 
has not yet been adequately resolved. An 
alternative eustatic interpretation sees the 
succeeding sea-level rise as the more critical 


factor, because of the frequent association 


of transgressions with episodes of 
stagnation (anoxic events), which could 
rapidly have made benthic and 
nektobenthic environments more or less 
uninhabitable over vast areas. The most 
likely reason why regressions have 
adversely affected terrestrial faunas is an 
increasé in continentality of the climate 
and reduced tolerance to winter cold. 
Climatic deterioration, involving the 
formation of the body of cold deep ocean 
water known as the psychrosphere, is 
probably the cause of an important late 
Eocene phase of extinction among 
foraminifera and ostracodes. 

One of the most important evolutionary 
questions concerns the extent to which 
mass extinctions affected the faunas 
randomly or selectively. Was it a case of 
bad genes or merely bad luck? The 
available evidence seems to indicate at least 
some degree of selectivity. Some 
organisms, such as large vertebrates, 
ammonites and corals, were relatively 
susceptible to extinction. 


nocturnal animals received its 
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The spectacular adaptive radiations of 
mammals in the early Tertiary following a 
long Mesozoic history of stability as a 
subordinate fauna of small and probably 
initial 
stimulus from the relatively sudden 
vacation of a range of ecological niches by 
the extinction of the dinosaurs. In other 
words, biotic factors might initially have 
been paramount. In contrast, two of the 
most important radiation phases in the 
Phanerozoic record may well have been 
triggered by physical factors ultimately 
bound up with plate tectonics. 

The ‘explosive’ diversification of 
Metazoa across the Precambrian- 
Cambrian boundary corresponds closely to 
a simple exponential growth model. As the 
number of taxa increased, the rate of 
diversification seems to have become 
diversity dependent. The close cor- 
respondence of diversity increase with 
rise of sea level in the Cambrian suggests 
the possibility of a causal correlation. 
Though it cannot be proved, the sea-level 
rise may well have been a consequence of 
opening of the Iapetus Ocean, with the 
growth of a spreading ridge. 

The radiation of marine faunas 
following the massive end-Palaeozoic 
extinctions was a long-continuing 
progressive phenomenon, but it is marked 
by a pulse of acceleration and replacement 
in the mid Cretaceous, with diversity 
increase continuing into the Cenozoic. The 
better known end-Cretaceous extinction 
event can in many respects be considered as 
a mere temporary setback in this very 
dramatic faunal change. The more-or-less 
coincident, spectacular mid Cretaceous 
radiations included teleost fish, 
carnivorous neogastropods and crabs. 
These changes greatly increased benthic: 
predation pressures and seem to have 
provoked other changes, such as the 
decline of surface-dwelling brachiopods 
and cidaroid sea urchins, the development 
of protective ‘ornamentation’ in 
molluscan prey species and the radiation of 
infaunal veneroid bivalves and spatangoid 
sea urchins. There were contemporary 
radiations of plankton (coccolithophores, 
foraminifera, diatoms and dinoflagellates) 
and deep-sea ichnofauna, while on land the 
angiosperms rapidly replaced the 
gymnosperms as the dominant plants. 


Seafloor spreading 

It can hardly be coincidental that these 
remarkable evolutionary events 
correspond so closely in time with episodes 
of exceptional igneous and orogenic 
activity, the rapid disintegration of 
Pangaea and the biggest marine 
transgression since the mid Palaeozoic, 
apparently produced by a phase of 
accelerated seafloor spreading in con- 
junction with a dramatic increase in the 
length of the oceanic ridge system. Fuller 
investigation of the interaction of physical 
and biological events at this time shou: 
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prove to be a rewarding exercise. a 
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A simple model of Saturn’s rings 
Michel Hénon 


CNRS, Observatoire de Nice, F-06007 Nice Cédex, France 





omnube aA mAN einai or aM MaE inte i 


The distribution of particle sizes in Saturn’s rings is probably continuous over many orders of magnitude; there is no ‘typical 
particle size’. A model based on this view accounts for a number of observed properties of the rings: apparent thickness, 
radar and radio observations, number and size distribution of the gaps discovered by Voyager 1, and opticai thickness. 


MODELS of Saturn’s rings have frequently been based on the 
convenient assumption that the constituent particles are more or 
less of the same size (a few authors’* have considered an 
extended size distribution). Expressions such as ‘the typical 
particle size’, ‘the dominant particle size’, or even more simply 
‘the particle size’, are commonly encountered in the literature. 
A slightly less restrictive assumption is that a range of sizes 
exists, but one can nevertheless define a ‘mean particle size’ in 
some meaningful way. 

However, natural distributions of particles produced by 
fragmentation and grinding typically exhibit a continuous dis- 
tribution of mass over several orders of magnitude’. The notion 
of a mean particle size is then meaningless. For example, 
it would not make sense to speak of ‘the typical size of an 
asteroid’. : 

Saturn’s ring particles have certainly been subjected to much 
fragmentation and grinding, and it thus seems likely that they 
also exhibit a continuous distribution of sizes, with no preferred 
value. Here, I describe a very simple model based on this 
assumption. Computations will be in order of magnitude only; 
numerical multipliers of order 1 will generally be omitted. Also, 
the two main rings A and B will be lumped together into a single 
object, which will be called ‘the disk’; the other rings will be 
ignored. 

The size distribution will be defined by the number of particles 
(for the entire disk) per logarithmic radius increment: 


dn ; dn 
dín r) dr 


Loosely speaking, F(r) is the number of particles in the range 
[r/e'’*, re'/*], and can be described as the number of particles 
with a radius of order r. 

Many natural distributions are well represented’ by a power 
law 





Fir)= (1) 


F(r)=(r/1)° (2) 


and we shall assume that the disk particles obey such a law. The 
parameters ro and 8 will be adjusted below to satisfy the 
observational constraints. 8 should probably lie within the 
observed range for particles subjected to grinding’ 


2.4<B<3.6 (3) 


Equivalent thickness 


A first constraint is provided by the observations of the ‘thick- 
ness’ of the disk; the most recent determinations’*® give 1.4+ 
0.3 km. Actually, what is observed is only the total light received 
when the disk is edge-on; therefore, the above value should 
properly be called the ‘equivalent thickness’, defined as the 
width of a rectangle having the same area as the disk seen 
edge-on, and a length equal to the outer diameter of the disk. 
We assume for simplicity that the centres of all particles lie in the 
same plane. Figure 1 attempts to show how the edge-on disk 
really looks; the dotted lines represent the equivalent thickness. 

The total projected length of the particles with a radius of 
order z, in projection on a straight line, is proportional to r° 
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and increases with decreasing z, if 8 lies in the range defined by 
(3). We define a critical radius r‘ as the value of r for which this 
total projected length is of the order of the disk diameter 


2r'(r'/ roy” =2R, (4) 


where R, is the outer radius of the disk. In the edge-on pro- 
jection of the disk, particles with a radius of order 7’ fill approx- 
imately a rectangle of length 2R- and width 27’, Smaller particles 
fall inside the rectangle and do not. add to the area. Larger 
particles protrude out of the rectangle and add some area, but 
this does not significantly change the total area if 6 > 2. There- 
fore the observed equivalent thickness should be about 27’, and 
we obtain from the observations 


r= (0.7 km (5) 


which, when substituted into equation (4), gives a relation 
between the model parameters ro and 8. 


Radar and radio observations 


Another constraint is provided by. the radar and radio obser- 
vations. We define a second critical radius r” as the value of r for 
which the total projected area (of the particles with a radius of 
order r) is of the same order as the disx area 


mr’? (r/r) ® = (RE RÌ) (6) 


where R, is the inner radius of the disk. Since the total projected 
area increases with decreasing r, particles will be collectively 
‘visible’ only if their radius is equal to or smaller than r”. 

On the other hand, observations at a wavelength A detect only 
particles with a radius larger than A/2-r (ref. 7). Thus, positive 
detection of the disk at a given wavelength implies that r” > 
A/2m; conversely, the absence of detection implies that < 
A/ 2. (This is an oversimplified description; in practice there are 
many complicating factors.) A detailed analysis of several 
observations by Pollack’ leads to the conclusion that r” lies 
between 2 and 15 cm, and probably closer to the lower value, A 
similar analysis by Cook and Franklin® gives r” = 8 cm. We shall 
adopt here 


r" = dom {7} 


The two parameters m and £ of the size distribution can now 
be computed from relations (4)-(7). Taking R, = 90,000 km and 
R- = 137,000 km, we obtain 


ro = 32 km, B32 (8) 


The value of @ falls well within the range (3) 
continuous distribution of sizes there is no problem in: 
simultaneously the two observational constraints ( 5) ind (1). We 
remark that neither 7’ nor 7” can in any sense be consid : 
typical size, or even as some sort of £ average size: as 
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Jefirey’s limit | ae 
The size of the largest particles should be below Jeffrey’s limit’, 
which is the maximal size for which a solid particle can resist tidal 
disruption. From equations (1) and (2), the number of particles 
with a radius larger than r is found to be 


nir) =B (r/r) ° (9) 


The approximate radius of the largest particle can be taken to 
correspond to n = 1/2; for B = 3.2, this radius is then 0.867, or 
28 km. This agrees with the classical value of 100km for 
Jeffrey's limit. 


Mass of the disk 


For B > 3, the total mass of the disk is 
Mp = | 3 arp dn = prereset (10) 


Tmin 


Ns 
3(8 -3) 


where p is the density of the particles, assumed to be spherical. It 
is necessary here to assume a lower cutoff r,,;, to avoid diver- 
gence. min is not known; fortunately, it enters equation (10) with 
a small exponent. If we take p =1 gcm™* and rai, = 1 cm, we 
obtain Mp = 1.4 10° g; if rain = O.1 cm, Mp = 2.2107 g. It 
might be significant that these values for the mass of the disk are 
of the same order as the masses of the first two satellites of 
Saturn—Mimas (4 x 10” g) and Enceladus (8 x 10” g). 


Radial structure 


We turn now to the dynamics of the disk. We assume circular 
and coplanar particle orbits. As shown by Goldreich and Tre- 
maine’”'', particle orbits in a disk system repel each other; at 
each close approach resulting from conjunction, some angular 
momentum is transferred from the inner particle to the outer 
particle. The rate of angular momentum transfer can be 
computed by a perturbative approach when the orbits are 
sufficiently distant''; in order of magnitude, it is 


po~ G’m mm, + m)o d (11) 


where G is the gravitation constant, m, and mh are the masses of 
the two particles, d = a3 — a,, a, and a, are the radii of the orbits, 
and w is an average angular velocity 


w? = GM,a™* (12) 
Ms is the mass of Saturn and a = (a, + a2)/2 is an average orbital 
radius. 
The angular deflections of the two particles, in the system of 
their common centre of mass, are of the order of 


Gimi +m} V?d i ~ G(m, + mjo d> (13) 


where V is the relative velocity of the two particles. Relation 
(11) breaks down when these deflections are no longer small, 
that is, for d = dp, with 


dg =[G(m, + m2)w"7}'? =[(m, + m)Ms' 2a (14) 


Assuming that the density of the disk particles is of the same 
order as the density of Saturn, we have 


mir? = Ma” (15) 
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_where j= 1, 2, and r, and r, are the radii of the two particles. On 


the other hand, the fact that the ring lies inside the Roche limit 
corresponds to 


mr’ = Msa = (16) 
Combining these relations, we obtain 
do~ (ri +173)'? ~ max(r,, ra) (17) 


For d < do, the interaction of the two particles is described by 
Hill’s case of the restricted three-body problem. Numerical 


integrations show a complex interplay, sometimes with a 


temporary capture of the two particles. The rate of angular 
momentum transfer varies erratically with do, but remains of the 
same general order of magnitude for O<d<d,. This order of 
magnitude is obtained by substituting d = dy in equation (11) 


Pa ~ Gm mdg’ (18) 


Collisions between the particles tend also to increase their 
radial separation’*. They operate only for d <r,+r,, that is, 
essentially for d © do. They produce a rate of angular momen- 
tum transfer which can be shown to be of the order of relation 
(18). Adding the effects of gravitational interaction and of 
collisions, we find that the total rate of angular momentum 
transfer is still given by equation (11) for d = do, and by relation 
(18) for d © do. 

We hypothesize now that because of this repulsive effect, a 
sufficiently massive particle will be able to push away the other 
particles, both towards the inside and towards the outside, and 
thus to clear completely an annular zone. This would explain the 
numerous dark gaps observed by Voyager 1". We assume that 
this happens above a critical particle radius r,. The particle 
population is then divided into: (1) particles with r > r., which we 
shall call heavy particles; each of them describes an isolated 
orbit inside the gap which it has created; and (2) a ‘continuous’ 
distribution of particles with r <r. or light particles; actually, 
this distribution is separated into several ringlets by the heavy 
particles. We compute now the critical radius r,. 

We assume for simplicity that there is no mass segregation 
inside the continuous distribution. Then the number of light 
particles with radius r and orbital radius a is 


Fi(r)g(a)d(in r) da (19) 


where F (r) is given by equation (2) for r < r. and is zero for r > r, 
and g(a) describes the radial distribution of particles; such that 


| g(a) da=1 (20) 


We compute now the flux of angular momentum ®, across a 
circle of radius a. We consider first inner particles with a given 
radius z; and outer particles with a given radius r}. As shown 
above, two such particles interact essentially when their radia! 
separation is of the order of dy; and the rate of angular momen- 
tum transfer for one pair is of the order of relation (18). 
Therefore, the rate of angular momentum transfer for all pairs is 
of the order of 


F(r,)g(a) dün ri)doF (rgia) dln r)doGm, mado (21) 
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Fig.1 A close-up view of the disk seen edge-on, obtained by numerical simulation. The centres of the particles have been randomly placed on 

the horizontal axis with a uniform distribution; their radii have been randomly chosen in accordance with the distribution law (2), with B = 3.2 

and rp = 32 km. The length of the strip shown is 12 km, that is, an extremely small part of the whole disk. Dotted lines represent the equivalent 
thickness (see text). Particles are represented as if they were transparent. 
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Next, we integrate over all radii z} and r2, on the interval 
Pmin < ri < Te The result is 


b, ~ Gog’*(a)riMpre” (22) 


Consider now a thin annulus of radial width da. If g(a) is 
constant, this annulus loses to the outside the same flux (22) 
which it receives from the inside. If, on the other hand, there is a 
gradient in g(a), then the annulus gains angular momentum at a 
rate of the order of 


-Gp $ darMpr: (23) 
We suppose now that there exists a heavy particle of radius 7, 
on a circular orbit of radius a,, and we ask how the presence of 
this particle modifies the continuous distribution in its neigh- 
bourhood. For definiteness, we shall consider the outside dis- 
tribution, that is, a >a@,; symmetrical considerations apply to 
the inside distribution. For d > do, a light particle in the outside 
region receives angular momentum from the heavy particle at a 
rate given by equation (11). An annulus of radial width da and 
average radius a therefore receives angular momentum at a rate 
of the order of 





G?mg(a)daw%(a-a,)*{ lm emAF ON olny. OA) 


Since r; > 7, > ra, this gives approximately 
G’* mig(a)daMpw “(a -¢,)* (25) 


We assume that the disk has reached a state of quasi-equili- 
brium, in which its distribution does not change with time 
(except on a very long time scale, of the order of the age of the 
disk). Then the total angular momentum received by an annulus, 
that is, the sum of relations (23) and (25), should vanish, This 
gives 


E pere “rila a)" (26) 
da 

which can be integrated: 
g~ go~ ra rE t ri(a-a,)° (27) 


go is the value of the density g at a large distance from the heavy 
particle, that is, the unperturbed density. If Q is the fraction of 
the disk occupied by ringlets and L = R,— R, is the radial width 
of the disk, then from relation (20) we have 


go~ (QL)! (28) 


The second term in equation (27) represents the perturbation by 
the heavy particle. It is negative: the presence of the heavy 
particle produces a local depletion of the disk density. At a 
distance a ~ a, = d = dy, we have from equations (17), (27) and 
(28) 


g~ (QL) = ro rE “ri (29) 


It can be verified that for d < doə, g remains essentially of the 
order of equation (29). Thus, this equation represents the 
minimal value which can be reached by g. The heavy particle will 
clear a gap if this minimal value is negative. Therefore, the 
critical value r, is the value of r, for which equation (29) equals 
zero 


re~ [rE (QL) ‘ye (30) 


Using the values (8), Q = 0.5 (see below) and L = 47,000 km, we 


obtain 
r.~1.6km (31) 


The number of heavy particles is 
n(A =B (Fr) ® ~ 4,500 (32) 


This agrees reasonably well with the number of gaps observed by 
Voyager 1'* 


35 


The width w of the gap created by a heavy particle of radius r 
is twice the value of a — a, for which relation (27) vanishes; using 
relation (30), one finds 


we rere i (33) 


Thus, the width of a gap is proportional to the square of the 
radius of the particle. This result has also been obtained by 
Goldreich". For the largest particle, with a radius of the order of 
30km, we obtain w~600km, again in order-of-magnitude 
agreement with Voyager 1 observations’’. At the other end, 
particles with a radius of the order of r, produce a gap whose 
width is itself of the order of r.. Voyager 1 did, in fact, observe 
gaps down to its limiting resolution of 2 km (ref. 15). 


Optical thickness 
The total width of all gaps is (1~ Q); it can also be found by 
summing relation (33) over all heavy particles 


(1-Q)L ~| r ro (rfroy E din n) ~ rore* (34). 
The main contribution to this total comes from the many narrow > 
gaps with a width close to the lower limit, that is a few 
kilometres. 

Substituting relation (30) in relation (34), one finds 


(-Q)L~QL (35) 


Thus, O should lie somewhere inside the [0, 1] interval without 
being close to either 0 or 1. This result is independent of ail 
physical parameters: the disk settles automatically into a state _ 
where the gaps and the ringlets occupy comparable areas. 

The observed optical thickness 7 of the disk is of order unity 
throughout most of the A and B rings. The traditional inter- 
pretation of this fact has been that the total projected area of the 
particles must be of the same order as the disk area, that is, that 
fmin ~ r"—a remarkable and unexplained coincidence. Here we 
arrive at a completely differrent interpretation, by assuming 
only that r,in is smaller than r”. The ringlets are then practically 
opaque, and light can pass only through the gaps. r is then given 
by 


e*=1-Q (36) 


and is automatically of order unity. 


Conclusion 


This model is admittedly very crude. Only orders of magnitude 
have been considered. Many important effects have been omit- 
ted—resonances with satellites, ellipticity and non-planarity of 
particle orbits, Poynting-Robertson and other non-gravitational — 
effects. A very simple mass distribution has been used. Finally, it 
is an aggregate model, which lumps together Saturn's rings in 
spite of their obvious differences. Nevertheless, it is perhaps — 
significant that even a very simple model seems to be able to - 
account for the main properties of the rings, once the crucial 
assumption of a continuous distribution of masses has been 
made. 

I thank A. Brahic, P. Goldreich and H. Rickman for useful _ 
comments on a first draft of this paper. : 
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A gene product required for correct initiation 
of segmental determination in Drosophila 
Gary Struhl 


MRC Laboratory of Molecular Biology, Hills Road, Cambridge CB2 2QH, UK 


The properties of mutations of the homoeotic gene extra sex combs (esc) indicate that the product of this gene is required 
early in development for correctly initiating segmental determination. Specifically, the esc” gene product appears to be a 
necessary component of the process by which other homoeotic genes, such as those of the bithorax complex, are selectively 
turned on, or off, in particular segmental primordia. The resulting combinations of active and inactive genes established at 
this time then maintain the specific pathways of development followed subsequently by the different segments. 


THE insect epidermis is composed of a series of unique head, 
thoracic and abdominal segments. Each segment is formed by 
the descendants of a group of cells set aside at the blastoderm 
stage’’, and hence is a developmental compartment*’. In 
Drosophila, several homoeotic genes have been identified which 
appear to control the specific developmental pathways followed 
by the different segments” °. Mutations in these genes generally 
lead to the transformation of entire segments into other seg- 
ments'”. 

Most homoeotic genes examined previously seem to be 
required throughout development to maintain particular 
determined states (reviewed in refs 11, 12). Here I describe a 
maternal-effect, homoeotic gene whose product is essential 
early in development for initiating the correct determined state 
in each segmental primordium. Specifically, the product of this 
gene, extra sex combs, may be required for selectively turning on, 
or off, the genes of the bithorax complex and possibly other 
homoeotic genes as well. 


Mutations of the extra sex combs gene 


The extra sex combs (esc) locus'*" was originally defined by a 
single recessive mutation (esc’) mapping on the second 
chromosome. esc' homozygotes develop into adult flies in which 
the distal portions of the second and third legs are partially 
transformed into first legs. This transformation is most apparent 
in the second and third legs of males which develop sex comb 
bristles normally found on only the first leg. The extra sex combs 
phenotype caused by the esc' mutation is variable, both in 
penetrance and expressivity'”’’, suggesting that this mutation 
might reduce, but not eliminate, the gene product. 
Consequently, to assess the role of the esc” gene it was first 
necessary to obtain mutations which would completely 
inactivate it. 

New mutations of the esc locus were obtained as follows. 
Appropriately marked wild-type males were mutagenized with 
ethylmethane sulphonate or y rays and outcrossed to a stock 
heterozygous for the original esc’ mutation. Male progeny 
bearing the mutagenized chromosome in trans to the esc’ 
chromosome and showing an extra sex combs phenotype were 
selected and outcrossed to isolate the mutagenized 
chromosome. Eight new mutations (esc****?*?'°) were 
obtained, including a small deficiency (esc: deficient for the 
salivary chromosome bands 33B1,2). In addition, a new spon- 
taneous mutation (esc?) was recovered. Several of these new 
alleles (esc?**°°*?!°) have the same, extreme phenotype 
whether homozygous or in trans to each other, suggesting that 
they eliminate most , if not all, the wild-type activity of the locus. 
In the following experiments, these apparent null alleles were 
used interchangeably and are referred to simply as esc `. 


Maternal effects of esc mutations 
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wild-type gene itself is absent following fertilization. In contrast, 
when esc /esc” zygotes are obtained from esc /esc” mothers, a 
dramatic homoeotic transformation is observed. Instead of 
developing into adults, these zygotes develop into first instar 
larvae in which all the abdominal and thoracic segments, and 
some of the head segments, are transformed into eighth 
abdominal segments (Fig. 1). Not surprisingly, these larvae fail 
to hatch from the egg case and die. Because the presence of the 
wild-type gene during oogenesis alone is sufficient to rescue this 
homoeotic phenotype, it follows that the esc” gene product 
derived from the mother persists (or perdures'®) long enough 
after fertilization to allow the correct development of almost all 
the segments. 

The homoeotic phenotype of embryos derived from esc” 
mothers depends critically on the genotype of the zygote. If eggs 
from esc” mothers are fertilized by sperm bearing one copy of 
the esc ~ gene, they show a range of intermediate phenotypes in 
between the normal larva and esc” larvae derived from esc” 
mothers (Fig. 2). Briefly, the thoracic and abdominal segments 
appear partially, or completely, transformed into eighth 
abdominal segments whereas the head segments appear only 
partially transformed or normal. If eggs from an esc” mother are 
fertilized by sperm bearing a duplication of the ese * gene, they 
frequently develop into adults (Fig. 3). However, even though 
these paternally rescued adults have carried two copies of the 
wild-type gene throughout development, more than half show a 
patchy transformation of one or more abdominal or thoracic 
segments into more posterior segments. For example, patches of 
haltere tissue are sometimes found in the wing. Similarly, in 
males, patches of darkly pigmented cuticle characteristic of the 
fifth and sixth abdominal segments are sometimes found in the 
first four segments of the abdomen (Fig. 3). Thus, absence of the 
esc” gene product in a newly fertilized egg can be partially 
corrected by introduction of the wild-type gene via the sperm. 
Moreover, the extent to which normal development is restored 
depends on the number of copies of the wild-type gene intro- 
duced, two copies being sufficient in some cases to result in 
normal development. 


Role of the esc” gene product in activating 
genes of the bithorax complex 


The phenotypes resulting from mutations of the esc locus 
suggest that the product of the wild-type gene is required for 
initiating the correct determined state in most, if not all, of the 
segmental primordia. A simple hypothesis for the role of the 
esc” gene is that its product is normally required early in 
development for selectively activating (or inactivating) other 
homoeotic genes. These genes remain active (or inactive) during 
subsequent development and thereby specify the particular 
developmental pathways followed by the different segments. 

The complex locus, bitherax, provides a good candidate for a 
set of homoeotic genes whose members require the esc” gene 
product for their correct activation. On the basis of mutant 
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phenotypes, Lewis'’ has proposed the following model of the 
bithorax complex. The complex contains a series of at least eight 
genes which normally promote particular thoracic and 
abdominal pathways of development as opposed to a ground 
state, mesothoracic pathway*’’. The arrangement of these 
genes on the chromosome corresponds directly with the 
arrangement of segments in which they are active, and in which 
they specify the correct developmental pathway. Thus, in the 
mesothorax, none of the genes is active, in the metathorax the 
first few genes are active, in the first abdominal segment the next 
gene(s) is also active, and so on, until the eighth abdominal 
segment, in which all the bithorax genes are active. 

Thus the phenotype caused by mutations of the esc locus, in 
which nearly all the segments appear transformed into eighth 
abdominal segments, may result from an indiscriminate activa- 
tion of all the bithorax genes. To test this hypothesis, the 
phenotypes of esc ` and esc * embryos in which different portions 
of the bithorax complex had been deleted were determined. 

Four aberrations of the bithorax complex (Tp(3)bxd*®, 
T(2;3)P10, DfUbx'’’ and DfP9; see ref. 10) have been used 
alone or in combination to generate a series of deletions which 


esc 
Fig. 1 Maternal effect of mutations of esc 
the esc locus. The phenotype of + 


esc /esc” larvae arising from esc /+ 
mothers (a, b) and esc ` /esc mothers 
(c,d) are shown. The body of the normal 
larva consists of three thoracic and eight 
abdominal segments each having a 
characteristic pattern of hairs and 
sensory organs, and of several head 
segments which form specific sensory 
organs and cuticular structures clus- 
tered around the mouth (see refs 22, 23 
for detailed descriptions of the hair 
patterns and sensory organs of the first 
instar larva). The larvae shown here 
have been fixed, cleared and mounted as 
in ref. 24. This procedure allows all of 
the cuticular features of the larva to be 
discerned using phase contrast, 
Nomarski or dark field optics. It is 
therefore possible to identify unam- 
biguously the characteristic patterns of 
all the thoracic and many of the 
abdominal segments in wild-type and 
homocotically transformed larvae. a, b, 
esc /esc”~ zygotes arising from esc /+ 
mothers develop into normal larvae 
which give rise to virtually normal 
adults. Both the diagram and the pho- 
tograph show primarily ventral cuticular 
structures of the larva. Only the charac- 
teristic patterns of ventral hairs are 
apparent in the photograph—some of 
the sensory organs unique to the 
thoracic segments (the Keilin’s organ, 
ko, and ventral pit, vp) are indicated in 
the diagram. A tuft of hairs, t, is found 
posterior to the eighth abdominal seg- 
ment; its segmental status is 
unknown****. The paired posterior 
spiracles appear posterior to the tuft in 
the photograph. c, d, esc /esc zygotes 
arising from esc /esc mothers develop 
into larvae in which all the thoracic and 
abdominal segments as well as one or 
more of the head segments bear the 
rectangular band of ventral hairs and 
unique sensory organs**** (not 
apparent in the photograph) charac- 
teristic of the eighth abdominal seg- 
ment. The transformed segments 
frequently lack or only partially form a 
posterior spiracles (another charac- 
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remove particular portions of either the centromere-proximal or 
centromere-distal side of the complex (Fig. 4). The phenotypes 
of these deletions are described in detail in Fig. 5, and agree 
largely with previously published descriptions’’. Deficiencies 
which delete proximal portions of the complex transform most, 
or all, of the abdominal segments towards a mesothoracic 
segment in a graded fashion. For example, DfP10 (Fig. 4) results 
in the complete transformation of the metathorax and first 
abdominal segment into mesothoracic segments, and in a partial 
transformation of the remaining abdominal segments towards 
mesothoracic segments such that each segment appears more 
thoracic and less abdominal than the segment posterior to it (Fig. 
5). In contrast, deficiencies which delete distal portions of the 
complex appear to transform segments discretely. For example, 
when only the proximal portion of the complex carried by 
DpP10 (Fig. 4) is present, the metathorax and first abdominal 
segment appear normal but the remaining seven abdominal 
segments are transformed into first abdominal segments (Fig. 5). 
None of these deletions affects the development of the meso- 
thorax, prothorax or head segments. 

The phenotypes of these deletions in embryos lacking the esc ` 
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teristic of the eighth abdominal segment), indicating that the transformation is often not complete. c, d Show primarily the ventral side of the larva except for the 
uppermost portions of each which show the dorsal side of the head. Note that the head fails to undergo the normal process of involution so that remnants of the sensory 
organs and other cuticular derivatives lie on the outside of the larva, anterior to the transformed thoracic segments. One segment of the head is consistently 
transformed; curiously, this segment forms a band of hairs characteristic of the ventral, eighth abdominal segment on the dorsal side of the head. Note also that 12 
transformed segments are found posterior to the remnants of the labial segment, la, whereas in wild-type embryos, only 11 segments (3 thoracic and 8 abdominal) are 
apparent. This additional segment probably corresponds to a cryptic ninth abdominal segment in the normal larva. Abbreviations: H, head segments; T1, T2 and T3, 


pro-, meso- and metathorax; Al, A2 


A8, abdominal segments one to eight; la, labial sense organ; ko, Keilin’s organ; t, tuft; vp, ventral pit. The boundaries between 


the head and thorax and between the thorax and abdomen are marked by arrows. x 100 
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gene product (Fig. 5, bottom row) appears, to a first approxima- 
tion, to obey a simple rule. All the thoracic and abdominal 
segments, as well as a segment of the head, appear to develop 
like the eighth abdominal segment formed in esc” embryos 
carrying that same bithorax deficiency. Thus, the state of the 
bithorax complex (that is, whether wild type or partially or 
completely deleted) seems to determine the developmental 
pathway followed by the eighth abdominal segment. In the 
absence of the esc * gene product, all the thoracic and abdominal 
segments follow this same pathway of development. 

The phenotype of esc embryos homozygous for DfP9, which 
is thought to delete the entire bithorax complex"”, is worthy of 
special note. If the esc’ gene product is normally required for the 
correct activation of only the bithorax complex, the develop- 
ment of embryos lacking the entire complex should be the same 
in the presence or absence of the esc” gene product. However, 
this is not the case (Fig. 5). In esc’ embryos homozygous for 
DfP9, the head, pro- and mesothorax develop normally but the 
metathorax and first seven abdominal segments are transformed 
into mesothoracic segments and the eighth abdominal segment 
is transformed into an intermediate between the pro- and 
mesothorax. In contrast, all the thoracic and abdominal seg- 
ments of esc ; DfP9 embryos seem to develop as intermediates 
between the normal pro- and mesothorax (that is, similar to the 
eighth abdominal segment of esc *; DfP9 embryos); moreover, 
at least one head segment develops in part like a thoracic 
segment. Assuming that DfP9 does indeed remove the entire 
bithorax complex, this result suggests that the esc gene product 
is also required for correct activation of other homoeotic loci. 


Fig. 3 Partial rescue of the esc pheno- 
type by sperm carrying two copies of the 
esc” gene. esc /+/+9 zygotes arisingfrom 
esc /esc mothers frequently develop a 
into adults which show a patchy trans- 
formation of one or more thoracic and 
abdominal segments into more posterior 
segments. a Shows the abdomen of a 
paternally rescued, male fly. The fourth 
segment carries a patch of dark cuticle 
(arrow) characteristic of the cuticle of the 
normal fifth segment. Note that the cuticle A 4 
of the transformed patch (6) resembles 
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that of the fifth segment not only in colour 
but also in being creased and having fewer 
hairs than the cuticle of the fourth seg- 
ment. Sperm carrying two copies of the 
esc * gene were obtained using Dp(2;3)17 
(Ising, personal communication) in which 
the region 31B1-34D1,.2 (Ashburner, 
personal communication) is translocated 
to the left arm of the third chromosome 
Segments are indicated as in Fig. 1. a, 
x40; b, x340. 
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Fig.2 Partial rescue of the esc pheno- 
type by sperm carrying one copy of the 
esc” gene. esc /+ zygotes arising from 
esc /esc mothers develop into larvae 
in which most, or all, of the thoracic and 
abdominal segments appear partially 
transformed into more posterior seg- 
ments. Anterior halves of wild-type (a), 
partially rescued (b, c) and esc (d) 
embryos are shown. Note that the 
thoracic and abdominal segments of b 
and ¢ are transformed to different 
extents (for example the metathorax of 
b carries a thin band of abdominal hairs 
whereas the metathorax of c bears a 
rectangular band of thick hairs similar to 
that of the normal eighth abdominal 
segment). Segments are indicated as in 
Fig. 1. x90 


Discussion 


Mutations of the esc locus, unlike all previously described 
homoeotic mutations, result in a dramatic homoeotic trans- 
formation only when both the mother and the zygote are 
mutant. They can therefore be described as maternal-effect, 
homoeotic mutations. Previously described maternal-effect 
mutations which alter the segmental pattern of the embryo do so 
by altering the number or polarity of segments (for example, 
bicaudal'’, fused '*). The existence of such mutations reinforces 
the conclusions of other studies'” that the mother provides the 
egg with a system of spatial information which is necessary for 
establishing the characteristic number, sequence and polarity of 
the segments. In contrast, mutations of the esc locus alter only 
the characteristic patterns of the different segments, not their 
number or polarity. Thus, in addition to supplying Vthe egg with 
spatial information, the mother appears to provide gene 
products which are essential for the correct interpretation of this 
information during embryonic development. 

Two lines of evidence indicate that the esc * gene product has 
an early role in the determination of segments. First, when both 
the mother and the zygote lack the esc” gene, most, or all, of the 
segments develop as eighth abdommal segments. However, this 
homoeotic phenotype can be completely rescued if the mother 
carries a copy of the wild-type gene, indicating that the presence 
of maternally derived gene product ts sufficient to allow normal 
segmental determination in mutant embryos. Unless the 
maternally derived gene product persists, and hence rescues, the 
mutant phenotype throughout development, this result suggests 
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Fig. 4 Deletions of the bithorax complex. Four aberrations (Tp(3)bxd'””, 
bx Cox Ubx| bxd pbx | ab? 34 «eeej. iab8 T(2;3)P10, DfUbx'®”” and DfP9; described in detail in ref. 10) have been 
used alone and in combinations to construct a series of deletions of the 
bithorax complex. DfP9 is thought to delete the entire complex. DfUbx '°” 
deletes most of the centromere-proximal portion of the complex leaving only 
a small, centromere-distal fragment. Tp(3)bxd'°’ transposes a small, prox- 
imal portion of the complex to the left arm of the third chromosome. This 
fragment, referred to as Dpbxd'”’, can be separated from its reciprocal 
deficiency, designated Dfbxd'®’. Dpbxd'™, in the absence of any other 
copies of the bithorax complex, is equivalent to a deletion of the distal 
portion of thé complex. T(2;3)P10 translocates a somewhat larger, proximal 
portion of the complex to the left arm of the second chromosome. Like 
—— a So | Tp (3)bxd '°’, the proximal and distal fragments created by T(2;3)P10 can be 

separated to give DfP10, a simple deletion of the proximal portion of the 
complex and DpP10, which in the absence of other copies of the bithorax 
complex is equivalent to a deletion of the complementary, distal portion. The 
relative positions of the breakpoints of Tp(3)bxd'®’, T(2;3)P10 and 
DfUbx'®* have been inferred from their complementation behaviour with 

















@— Dp bxd 100 other mutations of the complex; a map of the genes identified by these 
mutations as well as of the breakpoints of the four aberrations is shown at the 
@— Dp P10 top of the figure (see refs 8,10). The portions of the complex which are absent 
in each deletion are shown in white; the portions of the locus which are 
(ye a present are shown in black. 
4 Centromere Bithorax Complex SR Tıp» 


Fig. § The phenotypes of deletions of 
part, or all, of the bithorax complex in esc * 
and esc~ embryos. The role of the esc * 
gene product in activating the genes of the 
bithorax complex has been tested by 
removing part, or all, of the complex in 
both esc * and esc ~ embryos. The figure is 
a matrix in which the top row shows the 
phenotypes of esc * embryos carrying all, 
part or none of the bithorax complex, and 
the bottom row shows the phenotypes of | 
esc ~ embryos carrying the same bithorax | 
genotypes. The bithorax genotype of cach 

column of embryos is stated at the top of d 
the figure and shown systematically as in 
Fig. 4 at the bottom (for example, the 
Dfbxd'°° embryo carries Dfbxd'™ in 
trans to DfP9). Similarly, the esc geno- 
type of each row of embryos is stated on 
the left. The wild-type embryo in the 
upper left corner shows the characteristic 
pattern of each segment (see Fig. 1) and 
serves as a key for illustrating the homo- 
eotic phenotypes of the remaining 
embryos. Note that in each esc” embryo, 
most of the segments appear identical. 
Note also that the segment reiterated in a 
particular esc” embryo appears similar, or 
identical to the eighth abdominal segment 
of the esc” embryo positioned above it, 
and having the same bithorax genotype. 
(The anterior portions of the reiterated 
segments of esc’; DfP9 and esc’; 
Dpbxd'” embryos are different from the 
eighth abdominal segments of esc*; DfP9 
and esc*; Dpbxd'® embryos, respec- 
tively. However, in both cases, the pattern 
of the reiterated segment as a whole is 
intermediate between the norma! pro- 
thorax and the meso- or metathorax, just 
as in the eighth abdominal segment of 
their respective esc* embryos.) In many 
cases the pattern of a particular trans- 
formed segment seems to be intermediate 
between two or more segments of the 
normal larva. In esc” embryos which are 
DfP9, Dpbxd'™ and DpP10, two patches 
of sclerotized cuticle appear posterior to 
the eighth abdominal segment (see also 
ref. 10); these are shown as dark bands. In 
esc’ embryos which carry Dfbxd'®, 
DfP10 and DfUbx'”’, the Keilin’s organ 
and ventral pits (see Fig. 1) are frequently 

absent or poorly formed. 
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that the esc” gene product is critically required only early in 
development. Second, the absence of the esc” gene product in 
eggs from mutant mothers can be partially rescued by wild-type 
sperm, and when the sperm carries two copies of the wild-type 
gene, the resulting zygotes can develop into adult flies. These 
adults appear normal except for occasional patches of trans- 
formed tissues in the thorax and abdomen. One interpretation of 
this patchy phenotype is that a critical amount of the esc* gene 
product is required at the time segments are determined; if this 
amount is not reached in all cells, then some may be incorrectly 
determined and hence give rise to transformed tissue in the 
adult. That this apparent failure of cellular determination is not 
corrected during subsequent development, even though two 
copies of the wild-type gene are present throughout, suggests 
that the esc” gene product has a critical role specifically at the 
time when segments are determined. 

The extra sex combs phenotype of esc adults is not consistent 
with the esc” gene product having an exclusively early function 
in development. Homozygous esc flies derived from hetero- 
zygous mothers show a transformation of the distal portions of 
the second and third legs into distal portions of the first leg. This 
same phenotype has been observed in clones of esc'/esc' cells 
induced in esc'/+ larvae'*’. Thus, the esc* gene seems to 
function later in development in some of the imaginal disks of 
the larva. The relationship of this late function to the early role 
of the gene product is unclear. 

The results of deleting part or all of the bithorax complex in 
esc* and esc embryos provide several insights into the role of 
the esc” gene product. In general, absence of the esc” gene 
product results in an embryo in which most of the segments 
appear identical, suggesting that this product is necessary for 
initiating the unique developmental pathway followed by each 
of the different segments. The particular segmental type re- 
iterated in esc” embryos depends critically on the state of the 
bithorax complex. In embryos carrying all of the bithorax genes, 
eighth abdominal segments are formed; in embryos lacking a 
particular part of the bithorax complex, the reiterated segment 
appears similar, or identical, to the eighth abdominal segment of 
esc* embryos lacking that same part of the complex. The 
simplest interpretation of this result is that all the extant bithorax 
genes are normally active in only the eighth abdominal segment, 
but that in the absence of the esc* gene product, all these genes 
become active in most or all of the segments. Thus, the esc” gene 
product appears to be an essential component of the process 
which specifies the correct combinations of active and inactive 
bithorax genes in each of the segmental primordia. Finally, esc 


Fig. 6 Homozygous Pe? clone induced 
during larval development. a, b, c Show a 
female, first leg bearing a Pc“ /Pe~ clone 
at x60, x175 and x175 magnification, 
respectively (dark field optics are used in 
c). The clone is marked with the bristle 
colour mutation yellow, y (apparent in $). 
Note that the marked bristles lack bracts 
(small, triangular projections at the base 
of most leg bristles) and tend to cluster 
together. In addition, the cuticle formed 
by the clone is devoid of hairs and is 
therefore apparent in c as a swath of bald 
cuticle running through the background of 
wild-type leg tissue which carries an even 
covering of hairs. All these features are 
characteristic of cuticle found on the 
analia and parts of the male genitalia. 
Similar Pc“ clones are found in the 
theracic segments and cye-antenna of 
both males and females. Also, Pc? clones 
in the genitalia of both males and females 
disrupt the normal structure, whereas Pe“ 
clones in the analia are relatively normal, 
Thus, Pc? clones seem to transform the 
thoracic segments as well as the eye- 
antenna into analia-like tissue. The parti- 
cular clone shown here was induced by 
X-irradiation during the late first or 
early second instar of a y, ju fre a 
Pc? /Dpil; 3)se7*, y* M(3)i>> larva. (See 

ref. 25 for descriptions of the y, jv, Pe“ 


embryos lacking the entire bithorax complex reiterate a 
thoracic-like segment throughout the embryo. Because this 
homoeotic phenotype differs significantly from that of esc* 
embryos lacking the entire complex, it suggests that the esc* 
gene product is also required for the correct activation of 
homoeotic loci outside the bithorax complex. 

The phenotype of mutations of the esc locus resembles that 
observed in embryos homozygous for recessive lethal mutations 
of the Polycomb (Pc) locus'’, on the third chromosome. On the 
basis of this embryonic phenotype, as well as the phenotype of 
Pc embryos lacking the entire bithorax complex, Lewis'’ has 
proposed that the Pc” gene product normally acts as a repressor 
of the bithorax genes. The similarity between the homoeotic 
phenotypes of esc and Pe embryos suggests that mutations of 
both loci disrupt the process of segmental determination by 
altering the expression of the bithorax genes. The evidence 
presented here indicates that the esc’ gene product may be 
essential only early in development forthe correct activation (or 
inactivation) of the bithorax genes. In contrast, two lines of 
evidence together indicate that the Pc” gene is required 
throughout development. First, homozygous Pc embryos 
obtained from heterozygous mothers show a homoeotic trans- 
formation, indicating that the Pc” gene is normally required 
during embryonic development’. Second, clones of homo- 
zygous Pc cells induced throughout the larval period in the 
thoracic and eye-antennal disks appear to differentiate analia- 
like tissue (Fig. 6), whereas clones in the analia appear relatively 
normal. This result indicates that the Pc” gene is required 
throughout the larval period for the proper development of the 
thoracic and head segments. Thus, it is possible that the esc’ 
gene function is required for initiating, and the Pc* gene 
function for maintaining, the correct determined state in each 
segment. 

Determination has been defined by Hadorn’’ as “a process 
which initiates a specific pathway of development by singling it 
out from among the various possibilities for which a cellular 
system is competent’, and as a process which results “in a 
reproducible cell state propagated in the nondifferentiating 
phase by cell heredity”. These elements of determination have 
been describec in genetic terms in the selector gene hypothesis 
proposed by Garcia-Bellido'**’. In this model, the continuous 
activity of particular combinations of selector genes maintains 
the developmental pathways followed by all the cells giving rise 
to specific compartments. The process by which these 
developmental pathways are initiated is thus tantamount to the 
process by which the correct combinations of active and inactive 
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and M(3)i*f mutations and of the y* duplication, Dp(/; 3)sc*, tricornered (trc) is a recessive mutation which causes single hairs to develop as tufts of small hairs (A. Garcia-Bellido, personal 


communication); it maps À t 
X-irradiation of larvae of this genotype: (1) y clones which were tre `, Pe 


~().1% to the left of the Pe locus which is positioned on the left arm of chromosome III, close to the centromere.) Three classes of clones were observed following 
and developed normally, (2) rare, y, tre clones which developed normally, and (3) y clones which formed analia-like 


tissue devoid of hairs. The distribution of clones in these three classes indicates that mitotic recombinations occurring between the Pc locus and the tip of the left arm of the jv irc Pe“ chromosome 


produce y clones which develop normally, whereas recombinations between the Pe locus and centromere give r 


ise to clones which form analia-like tissue 
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selector genes are established in the founding cells of each 
compartment. 

The process of segmental determination in insects can be 
interpreted according to the selector gene hypothesis. Because 
segments are precise regions of the epidermis formed 
exclusively by the descendants of specific cell groups", they 
are, by definition”, compartments. The properties of the 
bithorax genes*”'” are consistent with their being selector genes 
which normally maintain the particular developmental path- 
ways followed by the metathorax and first eight abdominal 
segments. The product of the esc” gene appears essential early 
in development for selectively turning on, or off, the bithorax 
genes, and possibly, other selector genes. Thus, it may provide 
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Grand Unified Theories (GUTs) provide a possible solution to 
the long-standing cosmological problem of the apparent 
asymmetry between matter and antimatter”, We have argued 
recently’® that in a class of GUTs one may relate the baryon 
asymmetry to certain contributions to the neutron electric 
dipole moment, d,. In the absence of cancellations due to an 
unforeseen symmetry, we thereby obtain a qualitative 
cosmological lower limit on d,. We emphasize here that the 
experimental upper limit on d, and the present cosmological 
baryon-to-photon ratio (n/n) can be used to limit the amount 
of extra entropy generated after baryosynthesis. This restriction 
on entropy generation becomes quite severe if, as we argue here 
on the basis of explicit GUTs, d, is actually considerably larger 
than our previous cosmological lower bound. As an application 
of our restriction of entropy generation, we establish an upper 
limit on shear in the early Universe. 

The mechanism for baryon generation proposed by GUTs 
leads’’'* to adiabatic perturbations (6T/T ~}(8p/p)) in a 
Robertson-Walker—Friedmann (RWF) universe. However, 
astrophysical observations tend to favour isothermal pertur- 
bations as the origin of galaxies and other large-scale structures 
in the Universe (for reviews, see refs 13, 14). One constraint is 
the apparent quadrupole anisotropy recently reported'*"* in the 
microwave background radiation, which in an adiabatic model 
would probably imply’’ dipole anisotropy in excess of obser- 
vation'®, though this discrepancy might be reduced” if there 
were massive neutrinos. Although adiabatic perturbations are 
not excluded as the origin of galaxies, it becomes very important 
to understand whether isothermal perturbations are compatible 
with the GUT mechanism for baryon generation. Several 
scenarios for creating isothermal perturbations have been pro- 
posed'''*"'°?° by deviating from a strict RWF cosmology. These 
include the explosions of primordial black holes (PBHs) which 
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inhomogeneous shear 





themselves originate from adiabatic perturbations >? and 


inhomogeneities in curvature, vorticity, the cosmological 
constant or shear’’*°. Alternatively, isothermal fluctuations 
could arise in an RWF model when CP is violated’® softly at a 
GUT phase transition preceded by an inflationary de Sitter 
epoch*’. 

We object to other scenarios and focus on inhomogeneities in 
shear as the most plausible sources of isothermal perturbations. 
Any isothermal modes generated by PBH explosions would 
probably be overwhelmed by the growing adiabatic modes 
associated with the formation and explosion of the holes. 
Curvature fluctuations would have te be uselessly small” to 
avoid the domination of the present Hubble expansion by scalar 
curvature, and they would in any case give rise to growing 
adiabatic perturbations which would overwhelm the isothermal 
perturbations’. Fluctuations in the cosmological constant could 
occur during a phase transition in the early Universe, but they 
would presumably be restricted to the size of the horizon at that 
time, and hence much smaller than the scale of a galaxy”, Such 
fluctuations could be extended if the causally connected 
domains were blown up by a de Sitter expansion during a 
first-order GUT phase transition, but it is difficult to assess this 
possibility in the absence” of a convincing mechanism for 
terminating the transition. The soft CP violation proposal’? 
relies on a similar idea of expanding exponentially a small 
sub-horizon region to become a large region which then breaks 
CP spontaneously in a correlated way. Apart from the problem 
of boundaries between domains where CP is violated differently, 
we object to this proposal because in a model of spontaneous CP 
violation one cannot know during the symmetric phase how CP 
will be violated subsequently. Some, as yet unknown, 
mechanism has to be invented for ‘encoding’ the instructions for 
the mode of breakdown before the de Sitter phase starts, storing 
the information during the inflationary period and then ‘deco- 
ding’ the message in parallel in a myriad of separated domains. 
The same hurdle has to be crossed if one is to suppress monopole 
production in an inflationary universe”, For an alternative 
argument for suppression of magnetic monopole production, 
see ref. 22. 

In view of these considerations, we shall concentrate on 
‘929 as a possible source of isothermal 
fluctuations. This may be the most natural and attractive possi- 
bility, as there is no direct evidence that the RWF metric is 
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- applicable in the very early Universe. One is naturally led to 
consider more general anisotropic models like the simple Bian- 
- chi type I cosamologies in which there is primordial shear. As the 
baryon asymmetry. generated depends on the local expansion 
rate, which in. turn. depends on the ratio Lm (o7/8rGyp) of 
. shear to the canonical energy density”, fuctuations in these 
quantities are related by: 


A 2)/(2)~837 a 
iy ny yO 

for large shear 2, and ~8% for small shear $. One might 
question whether shear large enough to generate interesting 
‘isothermal fluctuations could exist during number 
“generation when the temperature T ~ 10° GeV. In addition to 
the normal diminution of shear, S(T) ~ T?, dissipative 
due to thé grand unified viscosi associated with the long 
mean free paths of elementary particles at temperatures 
.œ10” GeV might wash out some of the shear before the baryon 
number was generated, or might dilute the baryon-to-entropy 
ratio by creating more entropy after the baryon asymmetry was 
established. Preliminary estimates” of the grand unified 
viscosity have been roughly confirmed”, indicating that all the 
shear is not dissipated before baryon generation, but that an 
extra entropy factor 


E*? = [107% E(mx)7*7] (2) 


- can be created after baryon generation”. The present non-zero 
(np/n,) 2% 107° (ref. 24) means that the entropy factor BE, 
_ and hence the shear £(m,,), cannot be too large*®. As the original 
CP-violating baryon asymmetry must be <0(a/r), one can 
_ deduce from equation (2) that E(m,)-s0(10”). This limit on 
shear is already many orders of magnitude better than the 
present best limit- from nucleosyntheels*** which leads to 
L(x) s 0(10%-10*?). However, it is possible to improve this 
limit, using our results on the neutron electric dipole moment. 

We have recently’° argued that in a class of GUTs with no 
unanticipated cancéllations, diagrams analogous to those giving 
(4y/n,) also contribute to renormalization of the quantum 
chromodynamic (QCD) 6 parameter and hence indirectly to the 
neutron electric dipole moment d,. They give an order of 
magnitude lower bound 


d, œ 0(2.5 x 10°) xB x(™) ecm (3) 


where E is now the total unexpected entropy generated by 
hiccups in the expanding Universe at T < my =™10** GeV. Set- 
ting (np/n,) »2 x107" and using thé latest experimental upper 

on d, of 6X107 e cm, we find from equation (3) that 


E«1.2x10° (4) 


This restriction oñ entropy generation after baryosynthesis 
questions the idea of breaking the Weinberg-Salam SU(2) x 
VM) symmetry by. radiative corrections, because this would 
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Fig. 1 Third-ordér renormalizatibns of the ermion- 

fermion vertex which change @ in an SU(5) model with two 3 

representations of Higgs fields. The dashed lines are Higgses, the 
solid Hnes 10 fermions and xigrags § fermions. 
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generate™” an extra entropy factor E ~ 10° whén T ~1 GeV. 
Another application of the bound of equation (4) combined with 
the ere of equation (2) is to restrict primordial shear to 
Lm) < 0(10""). This bound on (mx) is similar to that quoted 
by Bond, Kolb and Silk”, but does not depend on an estimate of 
the primordial CP-violating parameter responsible for baryon 
generation. 

Our bound (3) is actually rather conservative, because d, is 
considerably larger in all the GUTs we have studied. For 
example, in an SU(5) model with just one § representation of 
Higgs Helds, is larger? by a factor of O((ay/+)-7)m 
Ollami/ nmw) ^) than the lower bound (3). In fact, this model 
has difficulties in getting a large enough ay/m, and the 
conventional three-generation version gives too small a 
ratio’? Going to four generations might seem™™ to give a 
large enough CP violation if the fourth generation masses were 
sufficiently large, but these masses destabilize the Higgs poten- 
tial”? if they are too large. Furthermore, one should not 
negiect?** the evolution of quark mass parameters between 
present energies and 10° GeV. One expects” them to 
diminish by a factor of 3 in this energy range, thus diminishing 
the attainable CP violation by a factor of 3° = 0(10°). In any case, 
the phenomenological ratio of the b quark and r lepton masses 

argues a increasing the number of generations beyond 
three. In an SU(5) model with two § representations of Higgs 
fields’*°*?, the leading contribution to d, is expected to be 
O((ay/ ay) = O((am3/ rmy) larger than the’ bound (2), and 
comes through renormalization of the QCD 9 vacuum 
parameter as shown in Fig, 1. However, it is possible neither to 
make a quantitative estimate nor to exclude a cancellation in this 
order because of the arbitrariness of the Yukawa coupling 
parameters. In an SU(5) model with a'5 and a 45 of Higgs 
fields™ >“, the leading contribution tod, is 0((a/1)~*) larger 
than the bound (2), provided one takes the plausible point of 
view that most of the baryon asymmetry is generated by Higgs 
boson decay. In fact, the observed m,/m, ratio suggests that the 
masses of these heavy fermions do not receive a substantial 
contribution from a 45 of Higgs, 2 although there may be a role for 
it in lighter fermion masses . Both these SU(5) models with 
two Higgs representations contributing masses to fermions 
suggest 0 ~ (a/sr)m2/m%, and hence values for d, very. close to 
the experimental upper limit. Thus the need to complicate 


GUTs to get a large enough baryon asymmetry may have other 


observable consequences. 
On the basis of the three models discussed above, we are 
tempted to strengthen our previous’? bound (3) to 


a,20((=) x2.5x 10-**) xEx (=) e cm 
Li ny 


»0(6x10 SE ecm - (5) 
so that the entropy factor 1 E <0(10); but this may be prema- 
ture until we know which is the right GUT. Even if we did know 
our GUT, the calculational uncertainties are unlikely ever to 
exclude a factor of 10 extra entropy generation. The improved 
bound on Æ in equation (5) translates into a restriction (mx) < 
0(101® which is likely to be the best bound on primordial shear 
that one could ever obtain in this way. As the minimal shear 
inhomogeneity 82(m x) that one needs is 0(10~°), this argument 
is never likely to exclude the reconciliation of GUTs and galaxy 
formation from isothermal perturbations”. 

If a neutron electric dipole moment d, were to show'up at a 
level appreciably higher than that expected if E = 0(4), it would 
suggest that the Universe may have had an irregular expansion 
after baryon generation. As an example, we have pointed out 
here that d, tells us something significant about primordial 
shear. The neutron electric dipole moment is a sensitive 
cosmological seismometer. 

We thank J. Silk for stimulating conversations. 
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Emission line regions and 
stellar associations in 
extended extragalactic radio sources 
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Recent observations of two radio galaxies, 3C277.3 and 
Centaurus A, reveal the coexistence of emission line filaments 
and the extended radio-emitting regions. Coincident associa- 
tions of young stars are also found in Cen A. A model is 
proposed here that can account for the presence of both emis- 
sion line regions and young stars as arising from the entrainment 
of interstellar matter by the outflowing gas which powers the 
radio source. Late evolution of the young stars may provide a 
significant fraction of the in situ energy injection required for 
the radio sources. 

It has long been known that emission line filaments and 
early-type stars lie adjacent to the inner north lobe of the nearest 
radio galaxy, NGC5128 (refs 1, 2). Recent observations of this 
galaxy by Graham and Price® confirm this result and reveal 
additional associations of young stars in and along the boundary 
of the radio source. These stars lie as much as ~ 40 kpc from the 
nucleus of the galaxy and thus cannot have been ejected from 
the nucleus unless the ejection velocity is ~c, which is extremely 
unlikely for a star of mass 10-20M o. Hence these associations of 
young stars must have been formed in situ. 

A similar situation has been found in the distant radio galaxy 
Coma A (3C277.3) by Miley et al.* and Bridle et al.*. Here 
emission line regions have been seen to coincide with the 
radio-emitting regions both to the north and south of the galaxy 
together with continuum emission coincident with radio hot 
spots in the south. The distance of this galaxy (~ 300 Mpc) 
precludes detection of young stellar associations unless they are 
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very large and compact; quantitative limits will be provided 
later. These observations reveal the presence of cool (~ 10* K), 
metal-enriched gas in coexistence with the population of rela- 
tivistic particles and magnetic field needed to power the radio 
source at distances of ~ 60 kpc from the parent galaxy. 

It is suggested here that this phenomenon is associated with a 
certain class of radio source, namely the Fanaroff and Riley 
‘Class objects which show a relaxed, diffuse morphology with 
bright spots often occurring near the parent galaxy. Obser- 
vations of these sources suggest” that the relative motion of 
energetic material ejected from the galaxy is sonic or subsonic 
with respect to the surrounding medium. In the context of beam 
models such flows are probably stable but will develop a boun- 
dary layer that can entrain and impart momentum to gas from 
the surrounding medium. The role of this entrained gas in 
explaining the observed emission line filaments and young stars 
at large distances from active radio galaxies is now explored. 

First the amount of mass that may be entrained by a nearly 
sonic jet as it passes through the interstellar or circumgalactic 
medium is estimated. For Mach numbers <2, the development 
of the turbulent boundary layer surrounding sonic and super- 
sonic jets has been found experimentally to be very similar to 
that of subsonic flow’, The entrainment for such flows is deter- 
mined empirically to be” 


AM =i n PRIR; (1) 


where AM is the external mass entrained by a large-scale eddy, 
po is the density of the ambient medium, and R, and R, are the 
respective radii of the jet and the large-scale eddies in the 
turbulent boundary layer. The entrainment rate is given by AM 
times the production rate of large-scale eddies, or M = 
AMu./R., where u, is the convection speed. This result is 
consistent with the rate derived by Brown and Roshko’, Setting 
R.=6R; (6<1) and u.~sound speed in the boundary layer 
gives 


M =60R? pboca M, yr’ (2) 


where no is the ambient number density and cs is the sound 
speed in units of 10° cm s`*. The experimental results not only 
provide the entrainment rate but also show that most of the 
entrainment occurs during the formation of the large scale 
eddies. Subsequent evolution of the boundary layer primarily 
involves a mixing of the entrained material on successively finer 
scales; hence equation (2) is not proportional to the jet length. 

If the jet is moving supersonically with respect to the sur- 
rounding medium, gas entrained in the turbulent boundary layer 
will have been shock preheated to a temperature that cor- 
responds to a sound speed comparable with the jet velocity, that 
is cg ~~ 1. The cooling time for this gas must be less than or of the 
order of the travel time of the beam that forms the radio source 
to account for the observed filaments and possible star forma- 
tion. The post-shock temperature’? is given by T,= 1.4x 10° 
vi- K, where v,- is the shock speed in units of 10’ cm s7. For 
v.: =10, T,=10 K, and for a gas with solar abundances the 
cooling time’) is 4=3x10° T'°/ns for 3x10¢°K<T< 
4x10°K, where n is the number density. If T = T,= 10" K, 
t,= 1.5 10°/n yr. These cooling times apply locally only after 
the initial passage of the jet; at later times near the base of the jet 
the ambient gas will have had time to cool to <10° K and can be 
entrained at this temperature. Capture by the fast-moving jet 
can reheat this gas to no more than ~T, thus the cooling times 
given above are upper limits. 

A likely site for entrainment of metal-enriched gas is the 
interstellar medium of the galaxy through which the jet passes. 
The characteristics of this medium for early-type galaxies 
producing radio sources are uncertain, but X-ray data” for M87 
are consistent with average number densities between 10°? and 
10~' cm™’ and temperatures of ~ 10’ K. Similar values for the 
interstellar density were found by Jones and Owen? to be 
consistent with the distortion of the radio-emitting plasma in 
NGC1265. This provides cooling times of 107-10" yr, during 
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which the entrained material moves a distance 
R = 10.5 vat; kpc (3) 


with the jet velocity v,= 10° vgcms™' and t= 10’ t yr. Thus, 
when the enriched gas has cooled to ~10*K and produces 
optical emission lines, it will have travelled 10-100 kpc from the 
parent galaxy, which agrees well with the observations. These 
cooling times will be reduced if the entrainment process 
produces local density enhancements. Further entrainment 
could occur if the jet passes through an extended circumgalactic 
halo with a significant metal-enriched component produced by a 
galactic wind’. 

The total mass entrained is obtained from equation (2). Using 
A, = 0.1-0.01 and ô = 0.1 (an underestimation when contrasted 
with laboratory experiments'*) gives a total mass of 6 x 10’-6 x 
10°M.. entrained over 10° yr. The total mass observed in the 
emitting line regions in Coma A varies from 10° to 10’Mo, 
depending on the filling factor, with the most likely value 
somewhere near the logarithmic mean of these limits. 

Thus, on the basis of purely hydrodynamic considerations, the 
observed emission line regions associated with extended radio 
sources may be accounted for by the entrainment and cooling of 
metal-enriched gas along the boundary of the jet or beam that 
gives rise to the radio source. This picture has the advantage of 
not requiring the beam itself to be contaminated ab initio with 
large amounts of cool enriched plasma that would impair the 
efficiency of its formation. It also predicts that many other Class 
I radio sources will show evidence of emission line regions 
coincident with the radio source. The process has another 
implication in terms of radio source energetics, namely the 
possibility of star formation occurring in the entrained and 
co-moving emission line regions. 

If some fraction of the gas in the emission line regions is to 
cool further, collapse, and form stars, these fragments must be 
shielded from any ionizing UV radiation. Miley et al.* estimate 
the flux of ionizing photons emanating from the bright optical 
knots in Coma A to be œ ~ 10° cm™’ s“' at 1 kpc from the knot. 
The shielding depth is then’® 


l; 3 (4) 


| 


where a is the recombination coefficient. The value of n in the 


emission line region is uncertain because of the filling factor; 
Miley et al.* provide limits of 0.3-10* cm™*. This gives values of 
l, from 10° cm to ~ 1 kpc, with correspondingly smaller values 
further from the bright knots. The metal-enriched gas which is 
shielded can cool to T~ 10° K, and the Jeans mass and cor- 
responding length, 


40T?” 


T 1/2 
Me Mk. Ae 15(—] se (5) 
fl 


n 
lie in the range 6.7 x 10°-400M.q and 250-1.5 pc on using the 
above limits for n. These values are overly large, as the number 
density in the collapsing fragment at T ~ 107 K will be greater 
than that observed in the parent emission line region at 10° K, If 
the collapse is isobaric, noT™', and the collapse time te~ 
(4aGp)7'”? is 10°-10 yr. 

The size of the emission line regions in Coma A is 21 kpc 
near the continuum knots and could be much larger than this in 
- the northern portions of the radio source. Thus the values of ls, 
M,, A; and te are all consistent with the observed quantities and 
suggest that star formation could be taking place in the environs 
of the extended radio source. For Cen A, emission line filaments 
are a few hundred parsecs in size or larger, with masses ~ 10° 
Ma and electron densities of ~0.2 cm™°. Graham and Price® 
argue that shock-wave excitation dominates in this object, so 
that the constraints imposed by /, are inapplicable. The resulting 
values of M, and A; again imply star formation along the 
northern radio source, and indeed a minimum of 10° Mo in 
young (10 Mo) stars is observed in this region. (The distribution 
of these stars provides no constraints on R; since they are 
imbedded primarily along one side of the radio lobe.) 


The details of star formation in a cooling turbulent boundary 
layer are obscure. If, however, a ‘Salpeter’ mass function 
(dN/dM x M~??*) is used with upper and lower cutoffs of 30 
and 0.1 Ma, ~ 3% of all stars formed will have M = 10Mo, or in 
terms of the total mass in stars, N(M210)=1.3x107 
(M/M. These massive stars are of interest because of their | 
short lifetimes, 7,,,~ 10’ yr. Note that these stars are formed 
from entrained mass in the beam boundary layer and thus share 
the outward motion of that gas at the rate of -~ 10 kpc every 
10’ yr. At least 100 such stars are seen in Cen A; in more 
distant galaxies they would be visible if m,3<23 arcs *, which 
implies 

Tomia i 2 x 10fDioLe (6) 


where Dyoo is the distance in 100 Mpc units. For Coma A, this 
limit is reached at 1,000 stars of 10M. in a single cluster. The 
fraction of entrained mass that forms stars is unknown; if ~ 10% 
efficiency is assumed, equation (1) implies 10°-10’ Mo in stars 
formed continuously over 10° yr, of which 10°-10° could have 
masses 210 Ma, with 10°~10* present at any one time as 
Tms ~ 10’ yr. 

At the end of their lifetime such massive, co-moving stars will 
explode, yielding ~10°'-10° erg per event and leaving a 
remnant that can produce ~10°° ergs”'. The summation of 
such events has a significant effect on the total energy budget of 
the radio source. After the first 10’ yr, the remnants alone can 
inject 10*' ergs”’ and 10 times this value at the ‘current’ age of 
~10* yr. The supernova events can supply a comparable 
average energy input. It is generally recognized” that ‘noisy’ 
Class I radio sources with sonic or subsonic outflow require in 
many cases in situ particle re-energization along the beam as 
well as in the more remote regions of the radio source. Massive 
stars and their remnants, moving outward with velocities 
comparable with the beam velocity, can provide sources of 
energy for reacceleration of the electrons in the radio source. 
This could occur either through direct interaction with the 
supernova remnant or less efficiently via kinetic energy injection 
and subsequent stochastic acceleration from the supernova 
event itself. It should be noted that the evolution of these 
massive stars does not produce the radio source, but instead 
provides a means of reaccelerating a pre-existing power law 
distribution of particles in a very low density plasma. Energy 
injection of 10% ergs’ is comparable with that required for 
many Class I radio sources, This number could be much larger 
given different values for the slope of the mass function, the 
efficiency of star formation and entrainment, and the density of 
the surrounding medium. 

Would such supernovae in radio galaxies be seen? Complete, 
systematic surveys for supernovae extend only to small dis- 
tances” (< 30 Mpc) beyond which most radio galaxies lie, and in 
addition no search has been conducted for supernovae lying well 
outside the stellar component of radio galaxies. Such super- 
novae could be observed in distant ( > 100 Mpc) radio sources if | 
a large-aperture telescope were used, but no efforts have yet 
been made in this direction. 

I thank Dr H. Butcher for helpful discussions, The Kitt Peak 
National Observatory is operated by the Association of Uni- 
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Received 24 April; accepted 24 June 1981. 


1. Blanco, V. M., Graham, J. A, Lasker, B. M, & Osmer, P. 8. Astrophys. J. Len. 198, 
L63-—L64 (1975). 

_. Osmer, P., S. Astrophys. J. Lett. 226, L.79-L82 (1978). 

Graham, J. A. & Price, R. M, Astrophys. J. (in the press). 

. Miley, G. K., Heckman, T. M., Butcher, H. R, & van Breugel, W.J. M. Astrophys. J. Lett. (in 
the press). 

§, Bridle, A. H., Fomalont, E. B., Palimaka, J. J. & Willis, A. G, Astrophys. J. (in the press). 

6. Miley, G. A. Rev. Astr. Astrophys, 18, 165-218 (1980), 

7. van Gronigen, E., Miley, G. K. & Norman, C. A. Astr. Astrophys. 90, L7-L9 (1980). 

R 

9 


f 423 bà 


. Bradshaw, P. A. Rev. Fluid Mech, 9, 33-54 (1977). 
_ Brown, G. L. & Roshko, A. J. Fluid Mech. 64, 775-816 (1974). 
10. McKee, C. F. & Hollenbach, D. J. A. Rev. Asiy. Astrophys. 18, 219-262 (1980), 
11, McKee, C. F. & Cowie, L. L. Astrophys. J. 218, 213-225 (1977). 
12. Fabricant, D., Lecar, M. & Gorenstein, P. Astraphys. J. 241, 552-360 (1980). 
L3. Jones, T. W. & Owen, F. N. Astrophys. J. 234, 818-824 (1979). 
14. Mathews, W. G. & Baker, J. C. Astrophys. J, 170, 241-259 (1971). 
15. Hinze, J. O. Turbulence 420-439 (McGraw-Hill, New York, 1959). 
16. Felten, J. E. & Bergeron, J. Astrophys. Lett. 4, 155-157 (1969). 
17. Tammann, G. A. Mem. Soc. Astr, Itai. 49, 315-329 (1978). 


Rn enna ener eenerrncrmenmnnrrrreren 


Nature Vol. 293 3 September 1981 





Formation of organic molecules 
on Titan 


Louis A. Capone*, Sheo S. Prasad, 
Wesley T. Huntresst, Robert C. Whittent, 
John Dubach§ & Krishnamurthy Santhanam|| 


*Department of Meteorology, San Jose State University, San Jose, 
California 95192, USA 

tJet Propulsion Laboratory, Pasadena, California 91103, USA 
tSpace Science Division, NASA~Ames Research Center, Moffett 
Field, California 94035, USA 

§Department of Physics and Astronomy, University of Massachusetts, 
Amherst, Massachusetts 01003, USA 

Informatics, Inc., Palo Alto, California 94303, USA 


The unique atmospheric environment on Titan has stimulated 


great interest in its organic chemistry. Recently’ we proposed 
that simple organic-nitrogen compounds such as HCN could be 
efficiently formed by cosmic ray bombardment of a nitrogen- 
containing atmosphere on Titan. Voyager I has now verified that 
molecular nitrogen is indeed the major constituent on Titan** 
and that HCN is also present’. Based on these new data, we now 
propose that even more complex organic-nitrogen molecules 
such as ethyl cyanide (CH,CH,CN), vinyl cyanide 
(CH,CHCN), and cyanoacetylene (HCCCN) may be formed 
efficiently in the lower atmosphere of Titan, where lower 
temperatures and higher densities will ensure the efficacy of 
three-body ion-molecule association reactions. Interestingly, 
these compounds have been found in several dark interstellar 
clouds**, thus the chemistry suggested here is analogous to that 
proposed as an explanation of interstellar cyanopolyynes’. The 
only difference is the role played by three-body association 
reactions in the dense lower atmosphere of Titan. The 
mechanism proposed here rests upon a firmer experimental 
foundation than the analogous radiative association reactions in 
interstellar clouds. 

The model atmosphere we adopted is consistent with the 
preliminary interpretation of Voyager 1 data in that it contains 
nitrogen and methane in the ratio 98.8:0.8% as well as trace 
amounts of C,H.,, H., C,H, and C,H, formed from methane 
photolysis. The temperature and pressure in the region of 
maximum cosmic ray-activated chemistry’ are ~ 150-160 K and 
20 mbar. The detailed calculation of the cosmic ray-induced 
ionization rates has been discussed elsewhere'*''. These cal- 
culations took into account the production, decay and absorp- 
tion of secondary cosmic-ray cascade particles such as protons, 
charged and neutral pions, muons and electrons. The cor- 
responding maximum electron concentration is ~2 x 10° cm™?. 
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Fig.1 Schematic diagram of N* ion-molecule reactions with CH, 
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Fig. 2 The synthesis of complex organic-nitrogen ions resulting 
from the production of HCNH* in Titan’s atmosphere. 


The ionization of CH, and the reactions of NZ ions with CH, 
yield only hydrocarbon ions‘*""*. Reaction of N* (formed by the 
dissociative ionization of N,) with CH, can, however, yield 
HCNH* ions (Fig. 1). The lifetimes of these ions against dis- 
sociative recombination and proton transfer to NH, (if present 
at a level of 0.01 parts per 10° by volume) are ~ 10° s. Hence this 
ion starts a chain of interesting three-body association reactions 
and bimolecular switching reactions, shown in Fig. 2, which may 
involve Na, CH,, C,H, and C,H,. As N, and CH, are far more 
abundant than C,H), C,H, and electrons, clustering of an ion 
with N, and CH, will overwhelm other reactions such as dis- 
sociative recombination, insertion of C,H), or the displacement 
of N, by C,H,. The terminal cluster ion can either recombine 
with electrons or add an additional C,H, or C,H, by three-body 
reactions to produce a larger carbon chain molecular ion. The 
fraction which recombines leads to the formation of organic- 
nitrogen compounds. The following is an example of these ideas, 

The formation of the CH,CHCNH® ion by the three-body 
association reaction 


HCNH’* + C,H, +M -» CH,CHCNH* +M (1) 


has been found in laboratory experiments? to have a rate 
coefficient of ~ 10~** cmé s~' at 300 K; the clustering of HCNH* 
with N, or CH, leading to HCNH*-N, or HCNH*-CH,, has not 
been investigated experimentally. Formation of a weakly bound 
HCNH*-N, cluster ion could still lead to CH,CHCNH? forma- 
tion through the switching reactions 


HCNH™*:N, + CH, -> H,CN* ‘CH, ka N, (2 
HCNH`-N, —> HCNH*-CH, 3 HCNH*-C,H, (3) 


as shown in Fig. 2. The fraction of HCNH*-C,H, ions which 
recombine with electrons may lead to the formation of ethyl 
cyanide, vinyl cyanide and cyanoacetylene (see Fig. 2), provided 
the cluster ion has a suitable structure. The fact that saturated 
hydrocarbons are common in nature suggests that this assump- 
tion is not unfounded. The remaining fraction of HCNH’-C,H, 
cluster ions might undergo the same series of clustering and 
switching reactions which produced HCNH*-C,H, from the 
initial H,CN* ion. The end product would be H,CN*-(C,H,), 
ions whose dissociative recombination would yield higher ordér 
H, Can CN compounds (see Fig. 2). Free electrons would be 
present due to the rarity of electron-attaching species such as 
CH,, H and NH.. | 

The total production rate of all complex organic-nitrogen 
compounds is determined by the competition between the dis- 
sociative recombination of H, 







total production rate shown in Fig, 3 is based on assumed va 
of the rate coefficient for switching reactions (2) a 


10°"°cm* s"' and for three-body association reaction (1) of 
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Fig. 3 Predicted production rates of organic nitriles (C,, H,, CN) 

shown as a function of altitude and atmospheric density. Also 

shown is the calculated production rate of hydrogen cyanide 
(HCN), assuming the neutral model described in the text. 


10°°’ cm®s*' at a temperature of ~150K; the three-body 
coefficient is further assumed to saturate at 10°'° cm*s~'. The 
rate coefficient of 107'° cm’ s~! for the ion-molecule switching 
reactions (2) and (3) is a reasonable estimate for that type of 
reaction. For the three-body ion cluster reactions of H CN* with 
C-H., CH,, or N, we have adopted McEwan’s measured rate 
coefficient (10°78 cm s~') for reaction (1) with an approximate 
T °-dependence, which is appropriate for such reactions’®. 
Figure 3 shows substantial production rates which were, in fact, 
found to be relatively insensitive to uncertainties in the rate 
coefficients for reactions (1)-(3). 

Given the production rate of Fig. 3, the equilibrium concen- 
trations of the individual organic-nitrogen compounds will be 
determined by the branching ratio in reactions which form vinyl 
cyanide and cyanoacetylene, and by the loss rates of the indi- 
vidual species. At low temperature, neutral chemical reactions 
are not expected to constitute important mechanisms of loss. 
Ion-molecule reactions could lead to a loss rate of no greater 
than 10°’s~'. Also, photodissociation into reactive radicals is 
rather inhibited due to the optically thick layer of aerosol 
particles (in the UV and visible ranges) which could act as a 
protective shield against dissociative UV flux. Thus, significant 
equilibrium concentrations of these species, perhaps several 
parts per billion, are expected on Titan. We have used published 
data'’ to make some simple calculations of the condensational 
temperatures corresponding to the maximum amounts of 
complex organics (that is, HCN and CH,;,CH,CN) expected on 
Titan. Our results show that these species should not freeze out 
in the 10-40 mbar region. 

In view of the above discussions and the Voyager 1 obser- 
vations of atmospheric composition, it now seems evident that 
Titan’s atmosphere may provide a rich environment for the 
synthesis of complex organic molecules. Additional laboratory 
work on the cluster ion involving N», CH, and C,H, is needed to 
elucidate this possibility. 

Note added in proof: Since acceptance of this paper, cyano- 
acetylene (HCCCN) has been detected on Titan at mixing ratios 
of ~10°~* to 10 (V. Kunde, personal communication). 


Received 18 May; accepted 30 June 1981. 
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Solitary waves in the lower atmosphere 


D. R. Christie & K. J. Muirhead 


Research School of Earth Sciences, Institute of Advanced Studies, 
Australian National University, Canberra, ACT 2600, Australia 


R. H. Clarke 


Department of Meteorology, School of Earth Sciences, 
University of Melbourne, Parkville, Victoria 3052, Australia 


Solitary waves are of intense interest in the physical and 
mathematical sciences’. These nonlinear waves often seem to 
have a primary role in the asymptotic description of propagating 
disturbances in inland lakes and coastal waters’, in the ther- 
mocline of the open sea“ and in the lower atmosphere“. We 
present here new acoustic sounder observations of complex 
tropospheric solitary-wave disturbances at Tennant Creek in the 
arid interior of Australia (Fig. 1), a description and inter- 
pretation of a new type of visible wave phenomena over north- 
ern Australia which appear as thin propagating cumulus cloud 
lines, and a discussion of observations at Burketown on the Gulf 
of Carpentaria of a new class of low-altitude propagating soli- 
tary-wave roll clouds which originate to the south. These 
observations, when correlated with observations at Tennant 
Creek, indicate that solitary-wave-generating disturbances in 
the form of internal bores”? propagate over large distances. 

Nonlinear internal waves on a boundary layer waveguide in an 
infinitely deep fluid are described to first order by the Benjamin- 
Ono equation'®"’, The general properties of the solutions of 
nonlinear evolution equations of this type are well known?” 
Arbitrarily long, but finite, initial disturbances in the form of 
long waves of elevation or bores of limited spatial extent evolve 
into a finite number of solitary waves followed by a complex 
dispersing oscillatory wave train'*’’"*. Infinitely long smooth 
bores or waves of elevation develop undulations along the 
leading edge which evolve asymptotically into solitary waves”. 
These characteristic patterns provide a guide for the inter- 
pretation of evolving long internal wave disturbances in the 
atmosphere. 

The properties of solitary waves in the lower troposphere 
have been determined from surface micropressure observations 
recorded continuously over a 5-yr period on a high-sensitivity 
infrasonic array located at Warramunga near Tennant Creek 
(Fig. 1), and from observations’ of solitary waves associated with 
the Morning Glory phenomenon”* of the Gulf of Carpentaria. 
Observations have been made of a wide variety of nonlinear 
wave phenomena ranging in form from essentially pure asymp- 
totic solitary-wave states to complex evolving solitary-wave- 
dominated disturbances and undular internal bores which seem 
to represent early stages in the production of solitary waves. The 
detailed structure of two extensive solitary-wave-dominated 
disturbances may be seen in the acoustic facsimile records from 
Warramunga (Figs 2, 3). These particular events are of only 
modest amplitude compared with many of the observations 
recorded on the infrasonic array. In both cases the solitary wave 
component appears along the leading edge of a more extensive 
disturbance in the form of a complex internal bore. 

A noteworthy feature of internal solitary waves is the closed 
circulation cell which develops in the interior of large-amplitude 
solitary waves'''’**. If sufficient moisture is present solitary 
waves may appear as horizontal propagating retrograde low- 
level roll clouds. The cloud formation accompanying the Morn- 
ing Glory of the Gulf of Carpentaria is a spectacular 
phenomenon of this type’. Robin’® has described a propagating 
roll cloud family over Spencer Gulf in South Australia which 
may also be interpreted as a visible manifestation of solitary 
waves propagating on a marine inversion. 
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— The perfect definition of life — 
Shihun Yang 


Faculty of Medicine, Osaka University, Japan 


(1) Metaphysics of Value 

Let Q, be a variable which expresses the degree of “good- 
ness” and the degree of “desirability”, ie., a variable which 
expresses the magnitude of value, of a system at time t. 
‘Then, necessarily, the rate of change with time of this varia- 
«ble Q,, ie., the velocity of the system advancing in the desir- 
able direction, the velocity of movement in the good direction 
(the speed of increase in value) is also a variable which ex- 
presses the magnitude of value. Let Q} be that variable at 
time t. To summarize the above, there exist two kinds of 
variables which express the value of a system at time t; and 
these variables belong to different dimensions. That is, “value” 
is represented by a vector with Q, and Q; as the com- 
ponents. If this is shown as Ti, v, = (Q,, Qi}. Similarly, 
the value of the system at time t, = i= = (Q, Q ) 


When the system’s value increases, the value vectors,. 
<p E 


Uy, Vy... must be comparable with each other one-dimen- 
sionally. (from an essential character of value) 


Let f > ti, then p> vy 


When k > 1, = Rv, 
Therefore A Q3) = k (Qi, Qi) 
Qı = RQ, 
Q3 = RQ; 
Qi = iQ; 
Q = Q 
Similarly, Q3 = 1Q; 
Qh = lQn 


a + . . a 
This relation between Qn and Qn exists irrespective 
of tn. As the value-increasing process is continuous, the 


following equality exists: 


Q = IQ 


Fig. 1 





The solution of the differential equation is: 


Q= Qoe" 


SO 


Let's call this conclusion the value equation. If the value 
of a certain system increases (if there exists “‘value’’), this. 
value equation Q = Qoe!? must be satisfied. We should 
regard the value equation a priori as the only form of 
“value”. Alil this can be said to be the fundamental principle 
regarding value. 

The following shows the empirical validity of the value 
equation. The value equation clarifies the essence of biologi- 
cal evolution. It is also applicable to the process of social 
development (cultural evolution). 


(2) Autocatalytic Reaction 
There exists as an objective fact a phenomenon which 
can be called an autocatalytic reaction. 









Substrate 


Reaction product 


As illustrated above, it is a reaction in which the reaction 
product obtained accelerates its own production. If A is 
the substrate quantity at £ = 0 (A at the same time indicates 
the maximum quantity of reaction product) and x is the 
quantity of reaction product at time ¢, 





dx _ 7 

dt kx = ) 
The solution of this equation is: x = _Cekt 

l+ C okt 
A 
This is graphed as follows. A sigmoid curve approaches 
the limit A. 
Fig. 2 





( This equation nears the value equation as A oO 

K (the next page) shows the degree of approximation, 
In the natural world, autocatalytic reactions are exhibited 

by esters like methyl acetate, in nuclear fission, and so on. 


CH;COOCH, + H, ob CH, COOH + CHOH ` 


us A sneutron 


However, A (substrate) is very limited in both of these 
cases and consequently, they do not follow the value equa- 
tion. We would therefore like to consider here life as an 
autocatalytic reaction which follows the value equation. 
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(3) Life 


The life reaction is shown as follows. 


The autocatalytic reaction of life can be-expressed as the 
process of the increase in its population, i.e., as the process 
of reproduction. 

Let N be the population (the number of individuals), 
and K be the maximum population under a certain environ- 
ment. ; Hed the carrying capacity of the environment, 

point of living organisms, it can be said to 
adness: of the environment in which they 






represent - the b 


can live, that is, the extent of adaptability.) Then according, 


to the Verhulst-Pearl logistic formula in ecology, 


the actual rate of increase aN N 
re ta = dt = r(l } 
per individual N K 


{see Fig. 2) 

Since K is a finite constant, Fa decreases as the reaction 
progresses. However, when accidental mutations cause a 
new species with a larger K to appear, fa rises again. 
Furthermore, the possibility of beneficial species (with a 
larger K) appearing by random mutations increases as the 
reaction progresses (as the population increases). Thus in 
the process of evolution, K becomes larger and larger 
(almost to infinity — mankind) by beneficial mutations, until 
at last ra can be expressed approximately by a constant I. 


ta = f N = Noe” 


This model is called K-selection in population bi- 
ology. It is useful in explaining the fact that the \ 
higher (the more evolved) the organisms are, the more 
closely (faithfully, precisely) they follow the deter- 
ministic equation Q = Qoe!?. [survival of the value 
equation by natural selection] 
' The appearance of a species with a larger K means 
an increase in adaptability. Conversely, a smaller K 
means specialization of this species. In this case, 
this species deviates from the main stream of evolu- 
tion. [E. D. Cope’s “law of the unspecialized” ] Evolu- 
tionary progress normally begins with ynepecamueed 
types. 
Thus, life can be defined as an autocatalytic reaction 
which follows the value equation Q = Qoe!. (This defini- 


tion is the ultimate concept which shows the most lifelike 


existence. It matches the fact of biological evolution and 
shows the direction in which life ought to go.) 

Some people still try to explain life phenomena by means 
of some unknown, special physico-chemical “laws” (for 
example, Schrödingers attempt in “What is Life?’’) but 
life cannot be expressed by such “laws”. Rather, it can 
be expressed (and should be understood) as a special 
type of physico-chemical reaction. (Life should be de- 
fined from the viewpoint of reaction kinetics.) A kind 
of autocatalytic reaction is such a type. In other words, 
life (value) is itself a positive feedback phenomenon. The 
maintenance of homeostasis by negative feedback has been 
cited as one of the most essential characters of life up to 
now, but actually “positive feedback” is indeed the most 
important concept. (In addition, the above conclusion 
proves that “entropy”, which has often been related to 


life phenomena, is not applicable to living systems. ) 








(4) Capital 
A dynamic process which follows the value equation can 
be found in the social process also. 





Economic conditions such as labor, resources w- 


As illustrated above, the accumulation process of capital 
can also be regarded as an autocatalytic reaction. Let K be 
the amount of capital, then the capital accumulation rate 
per unit capital aq gradually falls owing to restriction of 
economic conditions such as labor force and resources. How- 
ever, technological progress causes # to rise {as beneficial 
mutations. cause ža to rise in the evolutionary process of 
life). When viewed broadly (approximately or ultimately), 

-AK &mK (m: constant) K = Kye™ 

The economic societies after the birth of modern capital- 
ism possess creativity and developmental possibilities which 
were not observed in the previous stagnant societies. In the 
socio-economic process also, the essence of the creativity and 
developmental possibilities may be said to lie in the auto- 
catalytic reaction of capital which follows the value equation. 

Social development should be understood as an extension 
of biological evolution. Population is found to be the index 
that. shows the magnitude of value in biological evolution 
(insofar as the population increases exponentially). In social 
development, the amount of capital serves as this index Bio- 
logical evolution and social development form the sole in- 
creasing process of absolute value (absolute worth). 


(5) Teleology 

The process of pursuing increase in value is diagramed as 
an autocatalytic reaction. In this reaction, the reaction prod- 
uct can be replaced by “‘purpose” and the role of catalyst by 
“means”. Here we can make the causal (physical) model 
for teleological systems. 


[Situation] 

Once a purpose is achieved, it becomes a means, and 
another new purpose is established. The purpose to be estab- 
lished must be transformable to a means. Realization of a 
purpose enables the next advanced purpose to be realized. 
The process of establishment of purposes and their achieve- 
ment is continuous and amplifying. In the above diagram, 
purpose = means, that is, the value-increasing process (devel 
opmental process) can be said to be a self-directing process. 
This process can be seen in biological evolution and social 
development, and also, all meaningful conduct of man can be 
ultimately reduced to this process. The subject of conduct 
is both purposes and means. Thus, substantial teleological re- 
lations can be defined objectively and causally. Needless to 
say, such a teleological process is peculiar to animate nature 
and cannot be observed in inanimate nature. 

Reference: Schrodinger, E., What is Life? Cambridge 
Univ. Press, England, 1944. 

This short paper presented as an advertisement was writ- 
ten for the purpose of establishing the theory of life. (the 
author) am confident that this theory will have considerable 


Means | 


influence on the world of thought, especially i in the fields of z 


biology, philosophy and ethics. Comments o this 
welcome and should be sent to: ee 
Shikun Yoshikawa 


11-2, Kizuri 2-chome, Higashiosaka City, Osa ca, 577, Japan 
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Hazards from this new technol- 
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sive picture of Industrial Microbiology 
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Fig. 1 Map of northern Australia 
showing the location (O) of the 
infrasonic array and acoustic sounder 
installations at the Warramunga 
Infrasonic Array near Tennant Creek 
and the positions (W) and orientations of 
three observations of unusual low-alti- 
tude propagating cloud line events 
which correlate with events at 
03.50cst (5 October 1979) (A), 
23.25cst (24 July 1979) (B) and 
00.50 cst (6 October 1979) (C) detec- 
ted during the preceding night at War- 
ramunga. The measured propagation 
speeds and source azimuths determined 
from the phased array records are: 
A:c=5.6ms"', 6=215°; B:c= 
11.7ms', @=235°; C:c=9.8ms"', 
6= 180°. 


130° 


The structure of the boundary layer over northern Australia is 
typically characterized” by a persistent marked elevated 
inversion at an altitude of several kilometres overlying, during 
the night time and early daylight hours, an intense surface-based 
radiation inversion. With the onset of convective activity the 
nocturnal inversion is eroded away from its base***° and usually 
vanishes before noon. It must be expected that relatively small- 
scale nonlinear wave disturbances associated primarily with the 
nocturnal inversion will, under the influence of convection, 
decay and disappear during the day. Larger-amplitude dis- 
turbances which involve the elevated inversion layer may be 
expected to survive for longer periods of time. 

The following observations indicate that long nonlinear wave 
disturbances propagate over substantial distances along these 
boundary layer waveguides. On 5 October 1979, at 14.35 CST, 
two closely spaced propagating quasicontinuous thin cumulus 
cloud lines were observed from the ground in totally clear 
conditions aligned along the NW-SE direction near 
Camooweal, 405 km east of Warramunga as shown by line A in 
Fig. 1. These stable propagating cloud lines, which extended 


Fig. 2 Monostatic acoustic sounder 
facsimile record obtained at Warra- 
munga for the period from 03.50 to 
09.15 cst on 22 October 1979 which 
illustrates the detailed morphology of a 
well defined solitary-wave-dominated 
complex disturbance which arrived at 
the array shortly before the transition of 
the stably stratified nocturnal boundary 
layer to a convecting daytime boundary 
layer. The dark portions of the record 
represent regions of enhanced echo 
returns from small-scale temperature 
inhomogeneities. The corresponding 
micropressure and surface wind records 
indicate that the major nonlinear wave 
disturbance in this record persisted for 
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form horizon to horizon, had a width and depth of some 
hundreds of metres and a spacing of some kilometres. This 
observation is correlated in direction and in time, assuming a 
mean propagation speed of about 6ms ', with the nonlinear 
wave disturbance shown in Fig. 3, observed about 11 h earlier at 
Warramunga. The disturbance apparently dissolved during the 
afternoon of 5 October. 

The preferred explanation of the two coherent propagating 
cloud lines observed near Camooweal is that they represent 
capping clouds created by the lifting of moist air to the conden- 
sation level during the passage of solitary waves associated with 
the leading edge of a dissipating finite-length internal bore. The 
character of the solitary wave pattern cam be expected to evolve 
substantially as the nonlinear wave disturbance adjusts to the 
evolving boundary layer density profile”. It is therefore very 
unlikely that the observed cloud lines correspond directly to any 
of the solitary waves shown in Fig. 3. 

A similar observation of a single, almost continuous, clearly 
defined, rapidly propagating cumulus cloud line, which again 
extended to the limits of visibility, was made in otherwise totally 





06. 
Time (cst) 
~2 h beyond the onset at about 05.37 cst. The minor disturbance starting at about 04.50 CST originates from a different direction and seems to be independent of 
the main event, The main disturbance seems to represent a fairly late stage in the development of a long wave of elevation or internal bore of finite extent into a family 
of solitary waves. Only the most significant solitary-wave components are marked on the record. The effective wavelength (FWHM) of these waves varies over 


~1,4-2.4 km. Sunrise occurred at 06.11 CsT. The increasing depth of the developing mixed layer at the surface and the onset of convective plumes can be seen in the 
record beyond 07.30 csr. 
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Fig. 3 Acoustic sounder facsimile 
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wave components are followed by an “ee: 
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irregular waves which may represent the 

subcritical dispersing wave component 300 
predicted by nonlinear dispersive wave 
theory. The meteorological records at 
Warramunga show that this nonlinear 
wave disturbance produced only very 
minor perturbations in the wind field at 
the surface. These records indicate that 
the event probably starts at about 
03.10 cst, The disturbance is charac- 
terized by an increase in surface 
temperature of 2.5°C which may be 
attributed to mixing. The fact that the 
surface winds associated with this event 
decreased to near zero by 05,00 cst 
Suggests that this disturbance also 
represents a late stage in the develop- 
ment of an internal bore of limited spa- 
tial extent. Note that the effective 
wavelengths (~2.9 km) of the three 
solitary waves as indicated by the 
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echo profiles in this record agree well with the infrasonic-array-determined estimates. This solitary wave event is of particular interest because it seems to be well 
correlated with a visible manifestation of lower tropospheric wave activity observed at 14.35 CST on the same day, 405 km to the east of the array in northern 


Queensland as shown in Fig. 1. 


clear conditions over an essentially featureless plain, 75 km west 
of Julia Creek (Fig. 1, line B) at 12.15 CST on 25 July 1979. This 
event was tracked by vehicle for 2 h and it was established that 
the cloud line was propagating north-east with a speed of about 
12 ms '. During this observational period the structure of the 
cloud line remained essentially unchanged except for pertur- 
bations in the modulation pattern along the line, which may be 
attributed to the influence of convection. This event can be 
correlated with an infrasonic array observation at Warramunga 
at 23.30 CST on 24 July, in the form of a smooth internal bore 
with an amplitude of 0.8 mbar, with a pressure jump of about 
1.5 mbar observed at 07.00 CST on 25 July at Mount Isa airport, 
and with a marked wind shift (NNE to SW) moving through the 
anemometer array operated by Mount Isa Mines Ltd. The mean 
nocturnal speed of 13 ms ' agrees fairly well with the infrasonic 
array estimate of 11.7 ms ' from 235°. The propagation speed 
decreased to an average of ~8ms_' during the morning and 
then increased to ~12 ms '‘ during the early afternoon. These 
variations in speed may be attributed to the influence of topo- 
graphy in the neighbourhood of Mount Isa and to the evolving 
boundary layer density structure. In this particular event the 
available wind soundings behind the leading edge of the dis- 
turbance show a low-level wind speed component along the 
direction of motion nearly equal to the propagation speed, 
suggesting that this disturbance must be associated with a low- 
level density current. The preferred explanation of this unusual 
single cloud line is that it represents a capping cloud produced by 
a large amplitude solitary wave associated with the leading edge 
of a finite-length internal bore initiated by a density current 
advancing into the stratified boundary layer. Alternatively, in 
this case, the propagating cloud line may be due to lift associated 
with the head of an advancing gravity current. 

A different form of solitary-wave-produced cloud formation 
consisting of two well developed low-level parallel roll clouds, 
similar in all respects to those associated with the Morning 
Glory’ but originating from the south, was made at Burketown 
(Fig. 1, line C) at 06.30 CST on 6 October 1979. Visual satellite 
imagery of these waves is shown in Fig. 4. Remnants of three 
cloud lines further north with similar orientation were also seen 
in the visual imagery at 09.30 CST. The cloud lines appeared to 
propagate with a phase speed of ~15 ms from 190° and were 
coherent with pressure jumps on the barographs at Normanton 


(07.00 CST), Mornington Island (08.15 CST) and Mount Isa 
(0000 CST). Wind data from the Mount Isa Mines Ltd mesoscale 
array reveal sharp changes from very light southwesterly to fresh 
southerly winds, gusting above 13 ms ', unaccompanied by any 
sign of solitary wave activity. The disturbance was observed at 
Warramunga at 00.50 CST in the form of an internal bore of 
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Fig. 4 Visual imagery of the Gulf of Carpentaria area from the DMSP 
(Defence Meteorological Satellite Program) satellite at 07.07 cst on 6 
October 1979, showing the position and orientation of two slightly curved 
parallel low-altitude roll clouds produced by solitary wave activity in the 
boundary-layer waveguide. These cloud lines can be correlated with obser- 
vations of nonlinear wave pressure perturbations and surface wind shear 
lines during the preceding night at Warramunga and Mount Isa as shown in 
Fig. 1. The cloud lines are 285 km long, ~13 km apart and ~6 km wide and 
were observed to propagate towards an azimuth of 10° with a speed of 
iS ms”. 
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amplitude 0.7 mbar. The array-determined speed (9.8 ms‘) 
and azimuth (180°) imply a curvature in the wavefront in 
agreement with the pattern defined by the cloud lines shown in 
Fig. 4. Again, these observations may be attributed to the 
passage of a disturbance in the form of an internal bore of finite 
extent which evolves asymptotically in time into a family of 
solitary waves. 

On all occasions the propagating cloud lines and coherent 
pressure signatures seem to be closely related to synoptic 
developments. On the early morning of 5 October a trough lay 
~400 km south-west of Warramunga with a NW-SE orien- 
tation. Over the next 36h this feature, with a following high 
pressure ridge, moved east across the Australian continent at a 
speed of about 7 ms“ (at lat. 20°), The observations presented 
above indicate that on the evening of 5 October, on the south- 
west side of this trough, evidently as a result of deformation of 
the nocturnal boundary layer, a propagating internal bore 
developed in the area south of Tennant Creek and moved NNE 
at over 15 ms‘ on 6 October for at least 700 km. It developed 
solitary waves, made visible by propagating roll cloud lines in the 
Gulf area as shown in Fig. 4. The sequence observed on 24-25 
July was similar, except that in this case the trough, pressure 
jump line and wind shear line were coincident throughout their 
known history, progressing steadily eastward at about 12 m s~’ 
for at least 8 h and, in the case of the trough and shear line, fora 
further 21 h after the cloud line had been seen near Julia Creek. 

The principal conclusions are that long waves of elevation or 
internal bores propagate over significant distances, that they 
decay asymptotically into solitary waves and that waves of this 
type constitute an ubiquitous component in the description of 
the dynamical state of the lower troposphere. 

Finally, we note that solitary wave disturbances may present a 
severe hazard to aircraft during landing and take-off. Clear-air 
disturbances of this type normally occur without warning. The 
vector change in vertical velocity may exceed 16 ms™" in the 
larger-amplitude events observed at Tennant Creek and 
Burketown. The hazard will be compounded in the case of an 
extensive solitary wave family due to the sequence of up- and 
down-draughts in the flow pattern. 

We thank J. S. Turner and R. K. Smith for discussions, 
J. Tarca, A. Mainwaring and B. Schaefer for operation of the 
Warramunga Infrasonic Array, and Mount Isa Mines Ltd for 
data from their environmental meteorological network. 


Received 27 February; accepted 30 June 1981. 


. Miles, J. W. Ann. Rev, Fluid Mech. 12, 11~43 (1980): Tellus 31, 456-462 (1979). 
. Hunkins, K. & Fliegel, M. J. J. geophys. Res. 78, 539-548 (1973). 
. Farmer, D. M. & Smith, J. D. in Hydrodynamics of Estuaries and Fjords (ed. Nihoul, J.) 
(Elsevier, Amsterdam, 1978); Deep-Sea Res. 277A, 239-254 (1980). 

4, Haury, L. R., Briscoe, M. G. & Orr, M. H. Nature 278, 312-317 (1979). 

5. Pinkel, R. J. phys. Oceanagr. 9, 675-686 (1979). 

6. Christie, D. R., Muirhead, K. J. & Hales, A. L. J. atmos. Sci. 18, 808-825 (1978): J. geophys. 

Res. 84, 4959-4970 (1979). 

7. Clarke, R. H., Smith, R. K. & Reid, D. G. Mon. Weath. Rev. (in the press). 

8. Tepper, M. J. Met. 7, 21-29 (1950), 

9. Freeman, J. C. Compendium of Meteorology, 421 (Waverley, Baltimore, 1951). 
10. Benjamin, T. B. J. Fluid Mech. 28, 241-270 (1966), 29, 559-592 (1967). 
li 
12 


tod BS ee 


. Davis, R, & Acrivos, A. J. Fluid Mech. 29, 593-607 (1967). 
2. Ablowitz, M. H., Kaup, D. 3., Newell, A.C. & Segur, H. Studies appi. Math. §3, 249-3145 

(1974). 

13, Segur, H. J. Fluid Mech, 89, 721-736 (1973). 

14, Hammack, J. L. & Segur, H. J. Fluid Mech. 68, 289~314 (1974), 84, 337-358 (1978). 

15. Joseph, R. L J. Phys. ALO, 225-1227 (1977), J. Math. Phys. 18, 2251-2258 (1977). 

16. Kubota, T., Ko, D. R. 8. & Dobbs, L. J. Hydron. 12, 157-165 (1978), 

17. Maxworthy, T. J. Fluid Mech. 96, 47-64 (1980). 

18. Meiss, J. D., & Pereira, N. R, Phys. Fluids 21, 700-702 (1978). 

19. Mastowe, S. A. & Redekopp, L. G. Geophys. Astrophys. Fluid Dynamics, 13, 185-196 
(1979); J. Fluid Mech 101, 321-348 (1980). 

20. Grimshaw, R. Proc. R. Soc. A368, 359-375 (1979), Math. Res. Rep. 44 (University of 
Melbourne, 1980); Studies appi. Math. (in the press}; Proc. R. Soc. (in the press). 

21. Matsuno, Y. J. Phys. A12, 619-621 (1979); Phys. Lett. 74A, 233-235 (1979), 

22. Vliegenthart, A. C. J. Engng Math. 8, 137-155 (1971). 

23. Clarke, R. H. J. appi. Mer 11, 304-311 (19723. 

24, Neal, A. B., Butterworth, I. J. & Murphy, K. M. Wearher 32, 176-183 (1977). 

25. Kao, T. W. & Pao, H.-P. J. Fluid Mech. 97, 115-127 (1979), 

26. Robin, A. G. Aust. Met. Mag. 26, 125 (1978). 

27, Clarke, R. H. & Brook, R. R. The Koorin Expedition: Atmospheric Boundary Layer Data 
over Tropical Savannah Land (Bureau of Meteorology, Australian Government Publish- 
ing Service, Canberra, 19793. 

28. Stull, R. B. J. atmos. Sci. 30, 1092-1099 (1973). 

29, Carson, D. J, Q. JI R. met. Soc. 99, 450-467 (1973). 


49 








Evidence for northward thrusting 
south-west of the Rhodes Basin 


Derk Jongsma 


Free University, Institute for Earth Sciences, 1007 MC Amsterdam, 
The Netherlands 


Jean Mascle 


Laboratoire de Geodynamique Sous-Marine, 
06230 Villefranche sur-Mer, France 


me 


Models of convergence between the major African and Euro- 
pean plates involve a stretching Aegean plate, whose present 
motion relative to Africa is south-west’. This motion has 
resulted in subduction of eastern Mediterranean sea floor as 
shown by seismicity, volcanism and morphology. The southern 
boundary of the Aegean plate is formed by the Hellenic 
Trench. Intensive study, culminating in the use of submersibles 
and multibeam echo-sounding as part of the Hellenic Arc and 
Trench Program‘, has outlined the complexity of this boundary. 
Detailed reflection profiling which we carried out in autumn 
1980 of the eastern portion of the Hellenic Trench system shows 
arcward verging thrusting south-west of the Rhodes Basin. We 
conclude that collision of the African continental margin with 
the Hellenic Arc is now in progress, causing overriding by the 
Mediterranean Ridge along the southeastern branch of the 
Hellenic Trench system. 

Kinematic analysis? predicts a compressive branch in the 
Ionian Sea and a transform branch in the Levantine Sea, south- 
east of Crete (Fig. 1). Thrust focal mechanisms of earthquakes” 
and landward dipping reflectors in the inner slope of the 
Hellenic Trench? are evidence for compression along parts of 
the margin, while normal faulting and horst and graben struc- 
tures are prevalent in the areas of predicted transform motion®’. 
South of the Hellenic Trench hes the eastern Mediterranean 
Ridge with a crustal structure similar to an Atilantic-type 
continental margin®*°. The Rhodes Basin lies to the east of the 
Hellenic Trench and separates two areas of positive relief: one 
situated south of Karpathos; the other, the Anaximander 
Mountains, south of western Turkey. The extension of the 
Hellenic Trench eastwards as well as the nature of the Anaxi- 
mander Mountains and surrounding area are poorly under- 
stood. 

One of the deepest areas in the eastern Mediterranean, the 
Rhodes Basin (Fig. 1), lies between the seismically active 
Hellenic Trench system and the almost inactive collision zone of 
the Anaximander Mountains and Florence Rise''""'. To our 
knowledge refraction data from the Rhodes Basin have not been 
published and it is therefore not known whether the crust 
underlying it is oceanic or continental. Its great depth of up to 
4.3 km is similar to that of the Ionian Basin, where refraction 
datař indicate minimum depths to the Moho of 18 km. There is a 
large negative free air anomaly of up to — 240 mGal over the 
central part of the Rhodes Basin”. The long-wavelength 
component (>300 km) of this anomaly (see ref. 12, Fig. 8) 
retains its negative character over the Rhodes Basin where there 
is still -120 mGal of anomaly suggesting a regionally deep- 
seated cause. This has suggested’” that the isostatic imbalance is 
the result of downward convective flow in the mantle. Previous 
seismic profiling? shows Pliocene~Quaternary sediments 
locally thicker than 1km, overlying a highly disturbed ‘M’ 
reflector. 

The southern boundary of the Rhodes Basin with the Medi- 
terranean Ridge is formed by an arcuate northward convex 
structure up to 3.7 km deep. Our profiles shot across the south- 
western lobe of this area using a 3-1 Bolt airgun and a six- 
element single-channel receiver show ~1km of Pliocene- 
Quaternary sediments in a trough flanking the Mediterranean 
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Fig. 1 Tectonic configuration of the Hellenic Trench system as deduced from marine geophysical surveys. 


Ridge. This implies a depth of >4.5 km to the base of this 
trough, almost equalling the deepest area (nearly 5 km) in the 
Ionian branch of the Hellenic Trench. Further north (10 km) this 
Pliocene—Quaternary section is only 200-250 m thick. Under- 
lying these sediments is the prominent M reflector associated 
with the Messinian salinity crisis‘*. A second prominent dis- 
turbed reflector occurs 1 km deeper in the section. On many of 
the seismic profiles crossing the trough, the two reflectors 
continue under the edge of the Mediterranean Ridge and in the 
deeper part of the Pliocene—Quaternary sequence they tilt 
slightly northwards. 

The seismic reflection profile presented in Fig. 2 convincingly 
shows that the Pliocene—Quaternary and underlying M reflector 
continue to some 6 km under the Mediterranean Ridge. Both 
reflectors are progressively deformed towards the south. We 
interpret the deformation zone in the north flank of the Ridge as 
northward thrusting and discount the possibility that the 
deformation is entirely due to slumping because of the regular 
upthrusting pattern involving the whole section seen in the 
profile, from the sea floor to a depth of > 1 km. 

Almost all known trenches where subduction is taking place 
exhibit normal faulting in their outer slopes'*. The presence of 
arcward thrusts in the outer slope of the Hellenic Trench as 
shown by our seismic profiles and reported” further west in the 
outer slope of the Pliny Trench from observations made with a 
submersible shows that additional factors to those associated 
with normal subduction or transform movement must be 
involved. We propose that this arcward thrusting is due to 
overriding of the Mediterranean Ridge sediments over the 
forearc in a manner analogous to that suggested for the Talaud 
Ridge in the Molucca Sea’’. The Talaud Ridge lies between the 
two converging active Halmahera and Sangihe volcanic arcs, 
and is on both sides being thrust onto the flanking arc aprons 
along gently dipping reverse faults which crop out in troughs 
adjacent to the arcs. Our explanation is supported by the 
similarity in the geometry of the reflectors in our profiles and 
those in the reflection seismic profiles run across the flanks of the 
Molucca Sea collision zone'’. In both areas reflectors below the 
inner slope are seen to continue below the outer slope of the 
troughs®’’. (See ref. 18, Fig. 5 for a good example of reflectors 
dipping southward below the northern flank of the Mediter- 
ranean Ridge south of the western tip of Crete.) 

The plate boundary shown in Fig. 1 is derived from a 
compilation of available seismic profiling data” across the 
Hellenic Trench. In our survey area, a non-sedimented inner 
slope associated with the Strabo Trench clearly contrasts a 
thickly sedimented slope south of the marginal relief off Karpa- 
thos. (See also ref. 6, Fig. 4.) Local tectonic activity is deduced 


from northward dipping reflectors within the Strabo Trench 
inner slope, tectonic mixing encountered during deep-sea dril- 
ling (DSDP Site 129 '*) and direct observations from a sub- 
mersible'®. We conclude that the active boundary represented 
by the Strabo Trench terminates in a triangular-shaped 
embayment within the marginal relief off Karpathos (Figs 1 and 
3). Strong seismicity below the marginal relief off Karpathos 
(Fig. 3) and shallow NNE dipping thrusts in this area? may 
indicate continuation of this structural boundary east of Rhodes 
(Fig. 1). 

South of Rhodes (Fig. 3) a complicated junction exists 
between the transform part of the Strabo Trench and the 
southwestern slope of the Rhodes Basin. The eastern extension 
of the proposed northward thrusting zone requires further study 
to establish its structural relation with the Anaximander Moun- 
tains. A published profile’? shows a small cleft south of a steep 
scarp with a northward-tilted sedimentary basin. Southward 
thrusting is postulated’? there. 

Southward thrusting is also documented’ for the northwest- 
ern margin of the Rhodes Basin by a focal mechanism solution of 
an earthquake which occurred below the Turkish coast in 1969, 





Fig. 2 Seismic reflection profile across the southwestern margin 
of the Rhodes Basin. Location of the profile is shown in Fig. 3. 
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Fig.3 Detailed bathymetry?" and seismicity” of the area surrounding the Rhodes Basin. Reflection seismic profiling tracks and location of zone 
of northward thrusting as indicated. 


This combination of opposite-directed thrusting on either side 
of the Rhodes Basin may contribute to the isostatic imbalance of 
the basin reflected in the large negative free air gravity anomaly. 

Our interpretation of arcward thrusting due to overriding of 
the Mediterranean Ridge sediments onto the Hellenic forearc 
solves several problems about the nature of subduction in the 
Hellenic Trench and the nature of the Ridge. It explains why the 
usual configuration of refiectors dipping from below the trench 
under the inner slope’* has not been observed in the numerous 
seismic reflection profiles of this boundary. It would also explain 
the proposed presence of Messinian evaporites as diapirs within 
the trench axis*®’, Finally, the observed folding’? and interpreted 
southward thrusting in seismic profiles’, crossing the southern 
flank of the Mediterranean Ridge, are compatible with our 
interpretation of this structure as a collision complex similar to 
the Talaud Ridge. The Talaud Ridge is, however, at a more 
advanced stage of collision than the Mediterranean Ridge. 

We acknowledge the assistance of colleagues and crew of the 
N/O Le Noroit, and CNRS and CRM for financial support. 
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Severe erosion of valuable agricultural and recreational lands 
along the apex of the Damietta Nile promontory (Fig. 1) follow- 
ing the closure of the Aswan High Dam remains a problem. 
Despite extensive shoreline studies, the fate of eroded material 
and the main mechanism of sediment transport along this coast 
are unclear’, An 11-day bathymetric survey provided explora- 
tory measurements in the coastal waters surrounding the 
promontory. We report here current meter and side-scan sonar 
observations which indicate that a high-speed jet forming off the 
promontory is driving a field of actively migrating sand ridges 
easterly over a smooth mud plain. These ridges seem to be the 
dominant along-shore pathway for sediment transport between 
Damietta and the Suez Canal. 

Tidal data, including our own measurements, indicate a 10- 
cm average range and a 5-cms™° current amplitude. Wind 
direction is northerly from May to October and southwesterly 
from December to March, with speeds of 4-10 ms`™'. The 
background current sets easterly, parallel to the coast 
throughout the year at 10-15 cms™*, except for brief flow 
reversals in spring and late autumn’, 
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Fig. 1 


Location map of Damietta promontory showing data coverage in 1978. Side-scan sonar coverage extends over the entire study area out 
to the shelf edge. 
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Fig. 2 Vertically averaged current observations except at stations 21, 23 and 25, which show the complete vertical current profiles. On 1 and 2 


May winds were from the north-east at 5-10 ms‘. 
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Early charts of the Damietta promontory (for example, 
USHO 3976) included undated Admiralty surface current 
vectors showing an eddy in the embayment east of the promon- 
tory. Strong (50-90 cms’) north-east-setting currents off the 
apex turn southeasterly to flow (50 cms ‘) parallel to the coast, 
30 km offshore. Vectors (35 cms ') turn directly towards the 
coast 35 km east of Damietta, and a lower speed return flow 
(12-20 cm s` ') forms the inshore limb of an elongate eddy. 

Using a 12-m launch we sequentially occupied a 35-station 
grid (Fig. 1) in a 6-day period. Vertical profiles of current 
velocities were taken on alternate lines, while STD casts (Plessey 
9060) for density were taken at every station. Two bi-level 
current meter moorings were deployed in the onshore flow zone 
indicated by the Admiralty data. 

Figure 2 shows the vertically averaged current velocities at all 
grid stations except 21, 23 and 25, where the complete profile 
illustrates the depth and intensity of an outflow jet east of the 
promontory. Transient wind effects near the surface’ are largely 
eliminated by deleting the upper two levels (1.5 and 3.0 m) from 
the integration. 

Note that stations 20-25 were taken in sequence at 1-h 
intervals. The strong shear between 20 and 21 and between 23 
and 25 suggests a relatively narrow, intense jet observed to 
extend throughout the water column. The jet moved seaward 
against the local wind, which was from north to north-east at 
5-10 m s` from 30 April to 2 May. Despite distortion due to 
lack of synopticity and some meandering of the outflow zone, 
the observations, namely, (1) the return flow along the coast; (2) 
a stagnation zone; (3) a flow separation north-east of the apex, 
and (4) the outflow jet, delineate the western edge of a clockwise 
eddy about twice the size of that described by the Admiralty 
data. The moored current meters, due to their interior position, 
failed to measure the main current stream. However, the records 
do show the tidal current amplitude to be only ~5 cms`', 
indicating that the serial anchor stations observed a reasonably 
steady current. 

Although the high-speed jet ran seaward beyond the grid, the 
side-scan sonar provided evidence of its track. A previously 
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undiscovered belt of sand ridges (0.3-mm median diameter) 
actively migrating over a smooth muddy bottom was found to 
trend seaward (Fig. 3) off the Damietta mouth. These long, 
linear sand ridges at depths of 25-60 m rise 2-8 m above the sea 
floor and on top of these are mobile sand waves (Fig. 4). 
Sand-wave movement (indicated by slip face orientation, Fig. 3) 
is northeasterly near the Damietta mouth, turns easterly and 
finally arcs southeasterly towards the coast off the Suez Canal. 

Migrating sand waves demand speeds much higher than the 
~30cms~' necessary to initiate motion of the 0.3-mm sand 
ridges*. Field and laboratory data on channel fiow** show that a 
current stream power, 7) (where ñ is channel average velocity 
and 7o is boundary shear stress) of ~1,500ergs 'cm™ is 
required to generate sand-wave fields. For the shelf’ a scaling 
value of u,/ū ~1/30 is obtained, where @ is a representative 
average velocity and u, is friction velocity. Together with 7o = 
pu, these relationships indicate that u, values of ~4 cms‘ and 
āū values of ~100cms™ are necessary to drive sand waves. 
These estimates suggest that the sand-ridge complex is driven by 
currents even stronger than those observed off the promontory 
(Fig. 2). Extension of the observed current jet out over the 
sand-ridge complex seems likely, but more detailed obser- 
vations are needed to confirm this. 

The exploratory nature of the observations allows only a scale 
analysis of the momentum balance. Values of 50 cm s~™* for a 
current speed scale U, 50 m for a vertical length scale H, and 
50 km for a horizontal length scale L are appropriate. Scale 
analysis of the momentum equation yields the baroclinic pres- 
sure gradient term, scaled as (g/p) (Ap/L), H =6x10~* cms™*, 
the inertial term U?/L ~5x10~* cms’, and the Coriolis term 
fU ~4x10™ cm s™°. Fluctuations in the moored current meter 
data suggest Au/At to be 0(10-*) cms ”. If the friction term is of 
the order of the nonlinear inertial term”, then the barotropic 
pressure gradient term gS (S is sea-surface slope) provides the 
major balance to the Coriolis term. The large-scale flow thus 
seems to be quasi-geostrophic. Locally, for example, near the 
promontory, nonlinear effects dominate and there may be a 
considerable slope in sea level. For example, Pingree’ shows a 
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Fig. 3 The sand-ridge field off the Damietta promontory mapped by side-scan sonar, 150-m line separation, 50-m overlap from the 10-m 
contour out to the shelf edge. Direction of movement of sand waves is indicated by arrows. (See detail in Fig. 4.) 
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tidal residual barotropic pressure gradient of almost 
10°‘ cm? s`* confined to within 10 km of the Portland headland. 

The control of residual eddies on sediment accumulation 
forms has recently been investigated numerically’, in the field'® 
and in the laboratory''. Ferentino and Collins’? argued that 
sediment will accumulate passively in the stagnant central region 
of eddies. In contrast, Pingree” demonstrated that all eddies do 
not have the bottom boundary layer (BBL) convergence that 
leads to sediment accumulation at their centres, Eddies of small 
Rossby number (ratio of inertial forces to Coriolis forces) Ry « 1 
and clockwise rotation will have a central high-pressure region 
and a divergent BBL not conducive to central sediment accu- 
mulation. Ro of only 0.1 and clockwise rotation east of the 
Damietta may thus explain the lack of a centralized sediment 
deposit. The possibility that the Damietta ridges initially accu- 
mulate in a convergent BBL expected’ along the outer 
periphery of a clockwise eddy of low Ro should be evaluated. 

Note also that the curvature and size of the sand-ridge field 
and the direction of sand-wave movement (Fig. 3) generally 
resemble the expected shapes of eddies that develop behind 
obstacles to unidirectional flow'*-'*. Commonly observed fea- 
tures shown in Fig. 1 are an eddy length five to six times the 
obstacle size, a two- to four-fold amplification of upstream 
speed around the obstacle, and a broad, slow return flow of 
magnitude 0.5-0.6 of the upstream flow. 

Thus, our exploratory measurements indicate that a newly 
discovered sand-ridge system driven by strong topographically 
induced currents seems to be a major sink for the products of the 
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Fig. 4 Detailed side-scan sonar 
map of edge of sand-ridge field 
showing individual sand ridges 
and superimposed migratory 
bedforms. For location see Fig. 1. 


extensive coastal erosion occurring along the Damietta 
promontory. Future work should include trajectory studies and 
current meters moored off the promontory to determine 
temporal and spatial behaviour of the jet and its relation to both 
the sand-ridge field and a large eddy (L = 50 km) that apparently 
occurs east of the promontory. The fate of the sand at the east 
end of the sand-ridge system is another point of interest. 

This work was supported by the Coastal Sciences Program of 
the US Office of Naval Research and the US Naval Oceano- 
graphic Office. The professional assistance of the crew of the 
survey boats attached to the USNS Harkness is gratefully 
acknowledged. 
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It has long been known that primate species differ greatly in the 


weight of their testes relative to body weight’. Recently it has 
been suggested that among the three species of Pongidae (the 
great apes), the disparity in testes weights is associated with their 
different breeding systems’*. Male gorillas and orangutans 
copulate infrequently, and when a female comes into oestrus she 
normally mates with only one male. However, in the chimpan- 
zee, several males mate frequently with the oestrous females, so 
that each male has to deposit enough sperm to compete with 
the presence of sperm from other males. For the chimpanzee, 
therefore, we hypothesize that selection will favour the male 
that can deposit the largest number of sperm; thus the volume of 
spermatogenic tissue and hence testis size is far greater in the 
chimpanzee than in the gorilla or orangutan. If this is correct, it 
implies that primates in which more than one male mates with 
each oestrous female should have larger testes relative to their 
body weight than those with single-male breeding systems. We 
have tested this prediction across a wide range of primates, and 
the results support the hypothesis. The relative size of testes 
may, therefore, provide a valuable clue to the breeding system of 
a primate species. 

The male gorilla (Gorilla gorilla) and orangutan (Pongo 
pygmaeus), heaviest of the primates, have breeding systems that 
involve one male monopolizing mating with a number of 
females””’, and have testes that together weigh 30 g and 35 g 
respectively. The lighter chimpanzee (Pan troglodytes) male, by 
contrast, has a breeding system in which ~75% of copulations 
and at least 25% of conceptions occur during periods of prom- 
iscuous mating when several males copulate with each oestrous 
female? (multi-male breeding system); its combined testis 
weight is ~120g. It has been suggested that the marked 
differences in testes weights among the three species are related 
to their breeding systems’ *. In the single-male breeding system 
of the gorilla and orangutan, each male need ejaculate only 
enough sperm to ensure fertilization, whereas in the multi-male 
system of the chimpanzee, each male also has to inseminate 
sufficient to compete with the presence of sperm from other 
males. Thus, selection in the chimpanzee for high sperm 
production may explain why it has larger testes than the gorilla 
or orangutan. High sperm storage could also be selected for, but 
we have too few data to test this idea. 

An obvious test of the hypothesis relating size of testes to 
breeding system is to determine whether a similar association is 
found in other primates. This has been done for baboons’, but 
the sample size was small and allometric effects were not taken 
into account. We therefore examined a wide range of primate 
species representing 18 genera from six families, from a 320-g 
marmoset (Callithrix) to the 170-kg gorilla. Data from 33 
species taken from the literature and some unpublished results 
are shown in Table 1. No prosimian species were included in the 
statistical analysis because of lack of reliable information on 
their mating systems. Only data from fully mature individuals 
were included, and the body weights are those of the individuals 
whose testes were weighed. Where more than one specimen per 
Species was available, the testes weight of the individual of 
median body weight was used, except for Saimiri sciureus and 
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Presbytis entellus where the original sources required use of, 
respectively, the mean and the midpoint between extreme 
values. Note that throughout we considered breeding, not social, 
systems. The distinction is relevant for species such as the 
gorilla’, that can occur in multi-male groups but have single- 
male breeding systems. 

Testes weight increases with body weight, even for species 
with the same breeding system (Fig. 1). We therefore corrected 
for the effect of body weight by examining deviations from the 
line of best fit. The major axis line was used because some error 
was incorporated into measures of both body weight and testes 
weight, and because the data were logarithmically trans- 
formed”. The taxonomic level analysed was the genus. Generic 
values were calculated from the means of the logarithmically 
transformed values for species, but congenerics were kept 
separate if they had different breeding systems. The species level 
was not used in statistical analysis because closely related species 
within various genera have very similar values and cannot be 
treated as independent points. In addition, when the species 
level was analysed, we found significant heterogeneity in devia- 
tions due to family membership (taxonomic effect) within the 
monogamous group. Thus, analysis at the genus level allowed us 
to examine the relationship between testes weight and breeding 
system, with body weight and taxonomic effects removed. 

As no significant heterogeneity in slope among. breeding 
systems was revealed by maximum likelihood analysis? (y3 = 
3.10), a common slope of 0.66 was fitted through all the points 
(Fig. 1). Furthermore, within breeding systems, there was no 
heterogeneity of deviations from the line among taxa (mono- 
gamous, F; , = 2.57; single male, Fo = 2.43; multi male, Fas = 
3.33; one-way analysis of variance). Among breeding systems, 
however, as predicted, we found significant heterogeneity of 
deviations from the common slope (F>; = 10.29; P<0.01); 
whereas monogamous and single-male genera do not differ from 
each other in their deviations about the common line (1, = 0.62; 
Student’s t-test), both show the predicted significant differences 
from the multi-male genera (t; = 2.45, P<0.05 and js = 4.76, 
P<0.01, respectively). As the deviations were measured 
perpendicular to the body weight axis, the results show that 
multi-male genera have significantly heavier testes in relation to 
body weights than do the single-male or monogamous genera. 

The positive correlation between testes weight and body 
weight, having a common slope of <1.0, is true of many organ to 
body weight relationships among mammais’’. Also, in this study 
a significant correlation between the two variables was found in 
three of the eight species for which records from > 10 specimens 
were available (median N = 17.5; P<9.05, Spearman rank 
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Fig.1 Log combined testes weight (g) versus log body weight (kg) 
for different primate genera. @, Multi-male breeding system; ©, 
monogamous, ^, single-male; o, Homo. Numbers represent the 
families shown in Table 1. (4) and (5) were combined for statistical 
analysis. | 
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Table 1 Combined testes weight (excluding epididymis), body weight and mating system of primates 
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Body 
N weight 
(kg) 
(1) Lorisidae 
Loris tardigradus (w) 114 0.27 
(2) Callitrichidae 
Callithrix jacchus (c) 15 0.32 
Sanguinus oedipus (w) 56 0.52 
(3) Cebidae 
Saimiri sciureus (w) 40 0.78 
Aotus trivirgatus (W) 1 1.02 
Lagothrix lagothricha (c) 1 5.22 
Alouatta palliata (w) 8 7.26 
Ateles geoffroyi (w) i 7.94 
(4) Cercopithecinae 
Cercopithecus aethiops (w) 6 4.95 
Cercocebus atys (c) l 8.68 
Macaca fascicularis (w, c) 20 4.42 
Macaca radiata (w, c) 2 8.65 
Macaca mulatta (c) 26 9.2 
Macaca nemestrina (w) 1 9.98 
Macaca arctoides {c} 20 10.51 
Papio hamadryas (w) 6 20.17 
Papio cynocephalus (c) 21 24.32 
Papio anubis (w) 4 26.40 
Papio ursinus (°?) 1 31.75 
Papio papio (w) i 31.98 
Theropithecus gelada (w) i 20.40 
(5) Colobinae 
Presbytis rubicunda (w) 12 6.23 
Presbytis cristata (w) 12 6.58 
Presbytis obscura (w) 14 7.45 
Presbytis entellus (w) 6 17.0 
Colobus polykomos (= guereza) (w) 3 10.25 
Nasalis larvatus (w) 8 20.64 
(6) Hylobatidae 
Hylobatus moloch (w) 7 5,44 
Hylobates lar (c) 1 5.5 
(7) Pongidae 
Pan troglodytes (c) 3 44,34 
Pongo pygmaeus (w) 2 74.64 
Gorilla gorilla (w) 2 169.0 
(8) Hominidae 
Homo sapiens 4 65.65 


Testes Mating 
weight Ratio system Refs 
Mating 
(g) (%) Weights system 
1.8 0.66 ? 14 
1.3 0.41 P sd 15 
3.4 0.65 P 1,16 17 
3.2 0.41 M 18 19 
12 0.12 P 1 15 
11.2 0.2 M 1 15,20 
23.0 0.32 M 21 22 
13.4 0.17 M 1 15 
13.0 0.26 M 23 24 
25.1 0.29 ? 25 
35.2 0.80 M 1,7 26 
48.2 0.56 M 1,¢ 27 
46.2 0.50 M 1,12,¢ 28 
66.7 0.67 M 1 29 
48.15 0.46 M f 29 
27.1 0.13 S 23 30 
52.0 0.21 M ł 31 
93.5 0.35 M 23 32 
72.0 0.23 M 33 34 
88.9 0.28 M 1 35 
17.1 0.08 S 23 36 
3.4 0.05 2 1 
6.2 0.09 S 1 37 
4.8 0.06 S $ 38 
11.1 0.06 S 39, 40 41 
10.7 0.10 S 19 42 
11.8 0.06 S i 43, || 
§.1 0.11 P 1 44 
5.5 0.10 P 45 44 
118.8 0,27 M 1 8 
35.3 0.05 S 1 6,7 
29.6 0.02 S 46,47 5 
40.5 0.06 S, P 1,48 49 


a aea 


(w), Specimens caught from the wild; (c), captive specimens. P, monogamous (pair); M, multi-male; S, single-male breeding system. Unpublished 


data from *R.V.S.; tP, Squires; $$.G.L.; §G. J. Burton and Earl Cranbrook; |M. Cutler and S. M. Jeffrey. 


correlation coefficients). Among species, such a correlation is 
expected because the testes are endocrine glands whose output 
and hence volume has to increase with body size if threshold 
concentrations of hormones are to be maintained. In addition, 
larger species require more sperm to counteract the dilution 
effect of the larger volume of the male and female reproductive 
tracts’. 

The hypothesis that competition in sperm numbers is 
important in the association of testes size with breeding system 
requires that the multi-male primates, as well as having larger 
testes, have a greater volume of seminiferous tubules, rather 
than interstitial tissue, and greater sperm production capabilities 
than the one-male or monogamous species. This seems to be the 
case; Pan, Papio (baboon) and Macaca (macaque), which all 
have multi-male breeding systems, have ratios of tubules to 
connective tissue ranging from 2.2 to 2.8:1, whereas Homo, 
Hylobates (gibbon) and Presbytis (langur), which are all non- 
multi-male species, have ratios of only 0.9 to 1.3:1 (ref. 1). In 
addition, the sperm production rate of the multi-male rhesus 
macaque (Macaca mulatta), with its high volume of tubules, is 
23 x 10° sperm per g of testis per day, whereas in man it is only 
4.4 x 10° sperm per g per day??? 

Differences in breeding system are clearly not the only reason 


for variation in testes weight among the primates. Seasonality of 
breeding, for example, could be an important factor: species 
with a short breeding season, which have a high level of copula- 
tory activity for a period, probably need larger testes. Certainly 
the multi-male genus Macaca, a predominantly seasonal 
breeder, shows the largest deviation from the common line. 
Nevertheless, there is clearly a relationship between testes 
weight and breeding system, despite exceptions such as 
Saguinus oedipus (tamarin); thus it seems reasonable to predict 
that similar trends will be found in other mammalian orders. 

We thank Drs J. Clevedon Brown, T. H. Clutton-Brock, R. D. 
Martin and B. P. Setchell for valuable advice and criticism; and 
the following for unpublished data: Dr G. J. Burton, Earl 
Cranbrook and the University of Malaya, P. Squires, M. Cutler, 
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Studies of the relationship between brain size and body size in 
terrestrial verteberates have a long history’*. Demonstrations 
of regular relationships between brain and body size across 
species within selected vertebrate groups serve two purposes: 
(1) in comparison of species of different body size, empirically 
recognized ‘scaling effects’ can be taken into account; (2) 
empirical relationships may suggest useful working hypotheses 
regarding functional constraints (although they cannot directly 
reveal casual connections). It is widely accepted** that brain size 
is scaled to keep pace with changes in body surface area (rather 
than volume), and this provides the basis for many inter- 
pretations of relative brain size. Re-examination of brain—body 
size relationships for large samples of species from three major 
vertebrate groups (mammals, birds, reptiles) now shows that 
there is no empirical foundation for the concept of scaling to 
body surface area. Instead, it seems that brain size may be linked 
to maternal metabolic turnover. This has implications not only 
for assessment of relative brain size in particular species, but also 
for pursuing links between brain size and ‘life strategies’. 
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A wide variety of studies concerned with scaling of specific 
parameters to body size have confirmed the general applicability 
of the allometric formula®®: 


Y=k x" 
giving the linear logarithmic equation 
log Y=a log X +log k 


where Y is the dimension of a parameter such as brain size, X is 
body size, k is the allometric coefficient and a is the allometric 
exponent. It is commonly found that different taxonomic groups 
will exhibit very similar values for a—supporting the inter- 
pretation that this reflects fundamental functional relation- 
ships—but differ in values for k, because of different ‘grades’ in 
development of the parameter (such as brain size) relative to 
body size’. 

Probably the best example of graded allometric variation is 
provided by studies of basal metabolic rate (M) relative to body 
weight (P). It was originally believed” that basal metabolic rate 
must be related to body surface area because of surface—volume 
effects in heat exchange 


M =k P” (1) 


However, rigorous analysis of reliable data'' eventually 
demonstrated that in mammals the allometric formula actually 
takes the form 


M =k P (2) 


Taking Kleiber’s carefully selected data for 26 placental mam- 
mal taxa, the major axis’? gives 


logigM = 0,76 logo O45 
(kcal per day) (g) 


(r=0.998; 95% confidence limits on a =0.74~-0.77). (The 
major axis is used throughout, in preference to the regression, as 
it takes into account ‘errors’ in both X and Y variables. 
However, use of regressions does not alter any of the basic 
conclusions. For a discussion of the statistical background, see 
ref. 12.) The typical exponent value of 0.75 has been abundantly 
confirmed in other studies, and the following sets of increasing 
grades in basal metabolic rate relative to body size have been 
recognized: 
(1) Unicellular organisms: ectothermic vertebrates (fish+ 
amphibians + reptiles) endothermic vertebrates (birds + 
mammals)'*?4, 
(2) Non-passerine birds: passerine birds'*, 
(3) Marsupial mammals: placental mammais'®. 

With respect to brain weight (E) and FP, the current consen- 
sus” is that the allometric formula for interspecific relationships 
within any major vertebrate group takes the form 


E=k P” (4) 


It has been explicitly suggested that there is a direct link between 
relative brain size and body surface—volume relationships in 
vertebrates (for example, because sensors and effectors are 
often distributed over surfaces)**. Indeed, despite variations in 
shape, for a sample of 37 mammal species??? there is the 
following relationship between body surface area ($) and P: 
logio$ = 0.67 loga P +1.03 
(cm?) (g) D 
(r =0.99; 95% confidence limits for a = 0.63-0.70). However, 
previous analyses of brain size allometry in the major vertebrate 
groups have been limited by small sample sizes and/or 
inadequate testing of the value for the allometrie exponent. 
Re-analysis of brain size allometry in placental mammals, taking 
a representative sample of 309 species from 13 orders” 
yields the following allometric formula (Fig. 1): 
logioEn = 0.76 logioP + 1.77 | 6) 


(3) 


(5) 
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ir= 0.96; 95% confidence limits for a = 0.73-0.78). Hence, for 
placental mammals there is no empirical justification for the 
widely accepted value of 0.67 for the allometric exponent. The 
value of 0.76 (equation (6)), confirmed by at least two indepen- 
dent analyses of large samples of mammal species”*", suggests 
instead some connection between brain size and basal metabolic 
rate in mammals. (The reported”® exponent value of 0.73 has 
been further confirmed by J. F. Eisenberg (personal com- 
munication).) 

The commonly accepted relationship between brain size and 
body surface area can be further tested with other vertebrate 
groups. A sample of 180 bird species” yields the following 
allometric formula (Fig. 2) 


logioEs =(0.58 logio” +2,11 
(mg) (g) 


{r = 0.93: 95% confidence limits for a = 0.54 — 0.61). A sample 
of 59 reptile species™”? gives (Fig. 2). 


logioEr = 0.54 logio W + 1.22 
(mg) (g) 


(r=0.96; 95% confidence limits for a = 0.50-0.58). In both 
cases, the 95% confidence limits of the major axes exclude the 
hypothesis that brain size is directly related to body surface area 
(requiring a = 0.67), although the exponent values here are 
significantly below expectation. Thus, it turns out that there is no 
empirical justification for an exponent value of 0.67 for brain- 
body size relationships within any of the three major terrestrial 
vertebrate groups. 

Obviously, because both reptiles and birds differ from 
placental mammals in exhibiting allometric exponents 
considerably below a = 0.75 for brain—body size relations, there 
is no case for suggesting a direct link between the brain size of 
the adult and its own basal metabolic rate. However, as mam- 
mals are viviparous, whereas birds and most reptiles are 
oviparous, it may be the development of the brain which relates 
brain size to the basal metabolic rate of the mother in mammals. 
(Ideally, one might relate embryonic brain growth to the 
mother’s total metabolic turnover, but insufficient data are 
available to do so as yet. However, note that embryonic brain 
growth might be linked to the mother’s minimal metabolic 
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turnover during the day (that is, to her basal metabolic rate).) 
From equation (2), it follows that 


My =k, P (9) 


where M,, is basal metabolic rate of the mother and P is her 
body weight. If the development of the embryonic brain 
depends on maternal metabolic turnover, neonatal brain weight 
(Ex) could show the following relationship. 


Eu= ky My = kok, PÈ (10) 


Further, because brain tissue growth is generally restricted to 
expansion of existing neurones and addition of glial cells follow- 
ing birth, one might expect that adult brain weight (E,) would be 
directly proportional to (that is, isometric with) neonatal brain 
weight 


Ea RE k, Ex (1 1) 
Equations (10) and (11) combined yield the overall relationship 
euP (12) 


This has already been empirically determined (equation (6) and 
Fig. 1). 

Testing of equations (10) and (11) is complicated by a dicho- 
tomy between placental mammals which produce poorly 
developed, small-brained altricial neonates after a relatively 
short gestation period, and those which produce well developed, 
large-brained precocial neonates after a relatively long gestation 
period“, As expected, these two groups of mammals 
represent two grades of brain evolution with similar exponent 
values close to 0.75. For precocial mammals (7 = 159) 


logo E = 0.72 logioP +2.03 
(mg) (g) 
ír = 0.93; 95% confidence limits for a = 0.67 —0.76) while for 
altricial mammals (n = 87) 


log E = 0.79 logioP + 1.62 
(mg) (g) 


(r=0.96; 95% confidence limits for a=0.74~—0.84) The 
limited data so far available for mammalian neonatal brain 


(13) 


(14) 


Fig. 1 Allometric relationships 


between brain and body weights for 


: Fa 309 extant placental mammal spe- 


cies. The solid line ts the major axis; 
dotted lines represent fivefold vari- 
ation above and below. Primates (A) 
are typical of precocial mammals in 
exhibiting relatively large brains. 
The closest species to man (arrowed) 
is not another primate but a cetacean 
(doiphin). 
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Fig. 2 Allometric relationships 
between brain and body weights for 4 
180 extant bird species (A) and 59 
extant reptile species (A). Solid lines 
are major axes; dotted lines 
represent 2.5-fold variation above 
and below. There is no overlap 
between the birds and reptiles and 
the separation between the major 
axes correspond to a typical 10-fold 
difference in brain size between birds Pee 
and reptiles (see ref. 7 for an ee 
example of grade differentiation). ee ee 


log brain weight 


weights’*”® yield equations which are in good agreement both 


with equation (10): 
Precocial mammals {n = 71) 


logioEn = 0.70 logioP + 1.65 


(15) 
(mg) (g) 
(r = 0.94; 95% confidence limits on a = 0.64 — 0.76). 
Altricial mammals (n = 24) 
logioEn = 0,74 logio + 0.88 
| (16) 
(mg) (g) 
(r = 0.95; 95% confidence limits on a = 0.64 — 0.84) 
and with equation (11): 
Precocial mammals (n = 71) 
logioE a = 0,99 logivEn +0.42 (17) 
(mg) (mg) 
(r = 0.99; 95% confidence limits on a = 0.96 — 1.02). 
Altricial mammals (n = 24) 
logioE a = 1.01 logioEn +0.85 (18) 


(mg) (mg) 


0.98; 95% confidence limits on a = 0.92 ~ 1.10). 
Whereas in a female placental mammal nutrients are trans- 
ferred directly to the fetus, thus linking maternal metabolic 
turnover directly to development of the fetal brain, in birds and 
most reptiles the mother must first lay an egg and the metabol- 
ism of the egg then provides for development of the embryonic 
brain. There are thus two intermediate equations which may be 
postulated, expanding on the set listed for mammals 


(pa 


My = k, P? (9) 
W = ks Mu = ks k, P? (19) 
Me = ks WÊ (20) 
En = k; Mg (see equation (10)) 
Ea = kg Ex (see equation (11)) 


from which 


E, = ko (P*)* = ky P?“ (21) 
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where W is egg weight, Mg is metabolic rate of egg and Fy, is 
hatchling brain weight, equivalent to Ey for mammals: 

The theoretically expected exponent value of 0.56 is compa- 
tible with the empirical values determined in equations (7) and 
(8). Equation (19) has been tested for a sample of egg weights 
from 127 bird species®’, yielding the allometric formula. 


logio W= 0.79 logo P +2.34 
(mg) (g) 


(r =0.95; 95% confidence limits for a = 0.75-0.84). 

Further, for a considerably smaller samole of 10 bird species, 
the major axis indicates an allometric exponent of a = 0.74 
(95% confidence limits =0.66—0.85) for the relationship 
between metabolic rate and egg weight ir = 0.98)**, thus pro- 
viding provisional confirmation for equation (20). Insufficient 
data are available to test equations (10) end (11) for birds and 
reptiles or equations (19) and (20) for reptiles but all the other 
predictions arising from the hypothesis linking adult brain 
weight to metabolic turnover in the three major vertebrate 
groups have been satisfactorily fulfilled. 

It is obvious that any association between basal metabolic rate 
and adult brain size must be seen in terms of genera! relation- 
ship. For placental mammals (Fig. 1), individual values for brain 
size may vary by a factor of 5 on either side of the value for any 
given body weight indicated by the major axis, and this variation 
is not matched by equivalent variation in basal metabolic rate, so 
different grades of relative brain size among mammals must be 
influenced by other factors. One obvious factor is the gestation 
period (relative to body size), as has already been indicated in 
equations (13) and (14) (see Fig. 1). 

Further, it is well established that the value of the allometrie 
exponent for brain—body size relationships in placental mam- 
mals decreases with decreasing rank of the taxonomic category. 
studied”. In the absence of any theoretical < nderstanding of this 
phenomenon, some justification must be given for the groups 
selected for analysis. Analysis of data for the classes Mammalia, 
Aves and Reptilia can be justified on several grounds. First, 
these are taxa of equivalent rank and have long bee: recognized 
as distinct grades of vertebrate evolution. Secon 
rank are required to provide adequate sampi 
range of body sizes. Finally, the three taxa are app 
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energetic terms, as reptiles have remained ectothermic while 
birds and mammals have independently developed endothermy. 

With these two provisos, it can be concluded from the above 
empirical relationships that in placental mammals, birds and 
reptiles relative brain size may be constrained both by the 
resources channelled to the embryo from the mother and by 
mode of reproduction (vivipary versus ovipary). 

In functional terms, confirmation of this hypothesis would 
have important implications for research in several areas. There 
is already strong evidence that the brain is intimately involved in 
the integration of reproductive parameters’ °°*°’ which are 
themselves intimately interconnected*°**~”. Indeed, it seems 
likely that the fetal brain may act as a pacemaker in fetal 
development*’, while the size of the adult brain may be asso- 
ciated with ecological aspects such as natural foraging 
behaviour ®*?*6, Hence, further elucidation of possible links 
between metabolic turnover and brain size could make a major 
contribution to emerging synthetic models of the organization of 
the life-history strategies in vertebrate species. 

Whether or not the above interpretations survive further 
testing, the empirical relationships relating brain size to body 
size in mammals, birds and reptiles have immediate and lasting 
practical applications for the ‘scaling’ of brain size in these 
vertebrate groups. First, Jerison’s use’ of an allometric exponent 
value of a = 0.67 in his calculation of ‘encephalization quotients’ 
for individual placental mammal species needs re-examination. 
If the correct value of the exponent is close to 0.75, as suggested 
here for placental mammals (equation (6)), then Jerison’s pro- 
cedure overestimates ‘expected’ brain sizes for small-bodied 
mammals and underestimates them for large-bodied mammals. 
Secondly, if an allometric exponent of 0.56, rather than 0.67, is 
appropriate for both birds and reptiles (equations (7) and (8)), 
the converse applies and values for ‘expected’ brain sizes in 
large-bodied fossil forms must be revised downwards following 
the empirical allometric formulae. This is directly relevant to 
discussion of relative brain size in large-bodied dinosaurs**’~*?, 
as the new empirical allometric formula established above for 
modern reptiles indicates that in some species brain size was in 
fact significantly larger than expected. In modern reptiles, actual 
values for brain size in individual species may depart from the 
expected value by a factor of 2.5 on either side of the major axis, 
so a range of brain indices from 0.4 to 2.5 can be taken as the ex- 
pected range of natural variation. Appropriately revised values 
for brain indices in fossil reptiles using available data**’™"', fall 
within this range in most cases (sauropods, ornithopods, 
ankylosaurs, stegosaurs, ceratopsians, pterosaurs and cynodont 
therapsids). However, in two saurischian dinosaurs (the 
carnosaur Allosaurus and the coelurosaur Stenonychosaurus) 
and in the protobird Archaeopteryx, brain indices above the 
expected upper limits are found. Although there is no overlap 
between modern endothermic birds and ectothermic reptiles in 
the logarithmic plot of brain and body sizes (Fig. 2), brain indices 
calculated relative to the modern bird major axis for Archaeop- 
teryx (0.43) and for Stenonychosaurus (0.60) do lie within the 
range for modern birds (0.4-2.5). Thus, if there is a connection 
between relative brain size and metabolic turnover, there are 
indications that certain dinosaurs, at least, exhibited an advance 
beyond the modern reptilian condition in metabolic terms. 

The ideas developed here owe much to discussions with 
Dr B. C. C. Rudder and Ms L. Aiello, while considerable 
assistance was given in data collection, analysis and inter- 
pretation by Ms A. MacLarnon. Advice on certain aspects was 
given by Drs M. Hills, A. Milner and P. H. Harvey. 
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The massive visual projection to cortical areas 17 and 18 (striate 
and parastriate cortex) of the cat strongly suggests that these 
structures have a major role in visual processing. It is therefore 
paradoxical that ablation of these areas has been reported to 
result in very trivial deficits in their visual perception and 
behaviour’. In contrast to humans and monkeys, which show 
profound visual deficits after ablation of the visual cortex”, cats 
with similar lesions show essentially normal visual behaviour 
and are able to discriminate complex visual patterns. The only 
apparent effect of cortical lesions is a mild impairment of the 
visual acuity for gratings and a possibly greater reduction of 
vernier acuity’. In the past, the functional deficits resulting from 
lesions or ablations of various cortical structures have provided 
important clues to the function of many cortical areas, but 
recently a more detailed picture has emerged from electro- 
physiological studies of the properties of their constituent 
neurones. A striking aspect of most visual cortical cells in both 
cat and monkey is their specificity for horizontal retinal dis- 
parity’ ’°, the detection of which is a prerequisite for stereop- 
sis''. This suggests that the visual cortex may play a major part in 
mediating stereopsis. We report here that ablation of cortical 
areas 17 and 18 in the cat results in severe selective deficits in 
binocular depth perception consistent with a loss of stereopsis. 
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. Two adult cats were trained to make simple depth dis- 
criminations on a jumping stand illustrated schematically in Fig. 
1a. The procedure, described in detail elsewhere’?, consisted of 
rewarding cats with food for jumping towards the closer of two 
transparent surfaces covered with randomly placed dots of 
‘various sizes; masks immediately below the glass top of the 
jumping stand hid the edges of the surfaces. The separation of 
the stimuli, AD, was progressively decreased in small steps 
between blocks of 5 or 10 trials until a threshold separation was 
reached at which the animal could no longer achieve criterion 
performance (4 out of 5, or 7 out of 10 correct). 

Binocularly, both animals were quickly able to discriminate 
separations (AD) of only 2cm from a distance of 75cm, 
equivalent to a retinal disparity of <4 arcmin. Immediately 
after the animals had attained binocular performance at about 
this level, they were tested monocularly with one eye covered by 
an opaque contact lens. The difference in performance in initial 
trials was striking. Both animals experienced great difficulty, 
responding at chance on the first session for at least one of the 
two eyes, even when the two stimuli were separated by 23 cm 
and viewed from only 35 cm. Even after several training sessions 
the monocular performance was poorer by a factor of about 
eight than the best binocular performance. 

The obvious difficulty the animals experienced monocularly 
implies that they had to learn a different discrimination, possibly 
based on differences in texture size, or even motion parallax, 
although we observed no obvious increase in head movement 
when one eye was occluded. The left-hand side of Fig. 2 shows, 
for one of the two animals (K 215), monocular and binocular 
thresholds obtained on several consecutive sessions beginning a 
few sessions before the start of monocular testing. This clear 
superiority of binocular depth perception is exactly that expec- 
ted from animals with stereopsis, a conclusion supported by 
studies of the depth perception of cats subjected to forms of 
early visual deprivation known to produce a drastic reduction in 
the proportion of binocular cells in areas 17 and 18 (refs. 13, 14). 
Earlier studies have shown that such animals lack stereopsis’° 
and moreover exhibit no binocular advantage in simple depth 





Fig. 1 Totas the dll panSpliouot gAn 
trained to towards the closer of two t surfaces 
covered with dots of sire 0.9-1.9 cm with 18% eee 
uminated from below. Masks underneath the glass 
top of the jumping stand on which the cats landed, hid the edges of 
the stimuli from view. The stimuli had a luminance of ~300 cd m°. 
The apparatus eliminated cues provided by the edges of stimuli and 
_ by differences in the Mluminstion of the . The major 
monocular cues remaining are differences in the relative sire and 
density of the dots. b, A simpler test of depth perception. The cats 
were required to jamp from an open-ended box on to the closer of 
two surfaces covered with dots of various sizes. The separation of 
the two surfaces, A.D, was progressively decreased between blocks 
of trials until the animals-were unable to achieve criterion per- 
formance (at least 7 correct in a block of 10 trials). This simple 
apparatus provedes a rich variety of monocular depth cues. 
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Fig.2 The performance of K 215 (filled symbols, binocular; open 
symbols, monocular) before the cortical lesion (left), and both 
animals afterwards on the apparatus of Fig, 1a (right). The results 
shown on the left were obtained on several consecutive sessions . 
beginning immediately before the first monocular tests (right eye, 
upright triangles; left eye, inverted triangles). The left-hand 
ordinate shows the ratio of the separation of the test surfaces (AD) ~ 
at threshold to the observation distance, D, the distance of the cat 
from the more distal surface before jumping (corrected for any 
lean). The right-hand ordinate, which applies only to binocular 
performance, shows the retinal disparity corresponding to the 
separation of the two surfaces at threshold. The binocular per- 
formance of both K 192 (W) and K 215 (@) following the cortical 
lesion is shown on the right. Both animals performed at chance. 


discriminations’*®. The latter finding was confirmed for our 
testing procedure in an earlier study’’ on a cat reared with a 
surgically induced divergent strabismus which had almost dis- 
appeared at the time of behavioural testing. The binocular and 
monocular depth thresholds of this animal were virtually iden- 
tical and comparable with the monocular performance of the 
two animals of this study. Taken together, these results 
conclusively show that the lack of binocular superiority in our 
teşt indicates a loss of stereopesis. 

Cortical areas 17 and 18 and part of area 19 were removed 
bilaterally from both animals when 15 months old using stan- 
dard procedures**. After 14 months, detailed histological 
reconstruction of the lesions revealed that they were almost 
complete, except for some sparing on the extreme posterior 
convexity of the marginal gyrus, on which the extreme periphery 
(from ~40°) of the upper visual field is represented. 

After several months, when the animals had regained good 
visuomotor behaviour, their depth perception was again tested 
on the jumping stand. At about the same time the ability of the 
animals to resolve gratings was also tested on a jumping stand 
using procedures described elsewhere’®. Although the latter 
measurements were not exhaustive, one of the animals (K 215) 
was able to maintain criterion performance with gratings having 
spatial frequencies as high as 3.0 cycles deg™’. Less extensive 
measurements on, the other animal (K192) established that it 
was able to resolve gratings of at least 2.3 cycles deg’. Despite 
the recovery of moderate visual acuity, neither animal was able 
to solve even the simplest depth discrimination on the jumping 
stand of Fig. 1a. As indicated in Fig. 2, the animals performed at 
chance for many sessions even when the two surfaces were 
separated by 23 cm and viewed from 30 cm. Consequently, they 
were then tested on the extremely simple apparatus shown in 
Fig. 15, which we have previously used” for initial training 
before testing animals on the other apparatus (Fig. 1a). The 
animals were required to leap directly on tothe closer of two 
adjacent large (35 cm?) surfaces of different heights. Both ani- 
mals were able to attain criterion performance in this test; Fig. 3 
shows the results of all measurements made for both animals. 
The separation of the two surfaces, AD, was kept constant at 
8cm and the observation distance, D, gradually increased 
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Fig. 3 Binocular (filled symbols) and monocular (open symbols) 
post-operative performance of K 215 (left) and K 192 (right) on 
the simple apparatus of Fig. 1b. The separation of the two surfaces, 
AD, was maintained at 8cm and the observation distance, D, 
increased until the animals were unable to maintain criterion 
performance. Monocular symbols are as for Fig. 2. 


between blocks of trials until the animal could no longer main- 
tain criterion performance. Despite the additional cues to depth 
provided by the edges of the platform and by small differences in 
illumination, the binocular thresholds of the two animals on this 
apparatus were very poor, and no different from their monoc- 
ular thresholds. Thus there was no evidence that the animals 
possessed even a rudimentary binocular mechanism for depth 
perception following ablation of their visual cortex. At the 
completion of the trials shown in Fig. 3, the animais were again 
tested on the apparatus of Fig. 1a, without success. 

The binocular performance of the lesioned animals was 
considerably poorer than the monocular performance of normal 
animals'’, which suggests that visual cortical lesions not only 
eliminate stereopsis, but also seriously impair the ability to use 
monocular depth cues, Previous qualitative tests of the depth 
perception of cats with lesions of areas 17 and 18 have produced 
conflicting results, suggesting either the loss”, or the retention’ 
of depth perception in situations where both monocular and 
binocular cues were available. 

Our results show that after ablation of areas 17 and 18, cats 
are unable to solve depth discriminations except in situations 
(Fig. 16) that provide a rich variety of monocular cues. 
However, even in these situations the preoperative binocular 
superiority of the animals’ performance was abolished. These 
results strongly suggest that ablation of the visual cortex eli- 
minates stereopsis. This implies that the parallel visual pathways 
to other cortical visual areas**’, which can mediate moderately 
high visual acuity and form vision after ablation of areas 17 and 
18, nevertheless by themselves cannot process retinal disparity. 
Moreover, the serious impairment of depth perception in 
general suggests that the remaining visual pathways are very 
limited in their capacity to evaluate monocular cues to depth. 
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Conditions required for the 
inhibitory feedback loop 
in noradrenergic transmission 
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One of the most striking advances in the study of neurotrans- 
mission during the past decade has been the recognition that 
nerve terminals have receptor sites which, when activated, 
modulate transmitter release'*. The most extensively studied 
have been the a-adrenoceptors of noradrenergic sympathetic 
terminals, activation of which inhibits transmitter release. It is 
widely believed that the prejunctional a-adrenoceptors are 
activated by transmitter noradrenaline, which results in inhibi- 
tion of subsequent transmitter release’, thereby forming an 
inhibitory feedback system. However, this hypothesis has 
recently been challenged by Angus and Korner’ on the basis of 
observations made with short trains of stimulation applied to the 
intramural sympathetic nerves of isolated guinea pig atria. We 
have, therefore, re-examined the question using the same tissue 
and applying not only short, but also longer, trains of stimula- 
tion. We report here a time delay before the inhibitory feedback 
effect through prejunctional a-adrenoceptors is manifested; 
thus the effect will not be observed unless a sufficiently long train 
of stimulation is applied. Furthermore, there is no pulse-to- 
pulse inhibitory feedback regulation of transmitter release for 
trains of stimulation in which the pulse interval is extended to 
8s. 

Guinea pig atria were mounted in a 3-m! organ bath and 
connected to a strain gauge transducer for measurement of force 
and rate of beating; basal tension was adjusted to ~ 1 gramme- 
force. The solution in the organ bath and in the reservoirs 
supplying it was kept at 37 °C and continuously gassed with 5% 
CO, in O2. Two parallel platinum wire electrodes, 1 cm apart, 
were located at each side of the atria for applying field stimula- 
tion, After a 15-min equilibration period, the noradrenergic 
transmitter in the atria was radiolabelled by incubation in [7-°H] 
(~)noradrenaline (1.04 uM, specific activity 3.2 Ci mmol”; 
NEN) for 30 min, followed by a 60-min washout with repeated 
changes of noradrenaline-free solution. After 30 min of wash- 
ing, a 30-s train of 1-ms field pulses at 1 Hz was applied to assist 
in clearing the tissue of non-specifically retained radiolabel. 

The atria were then subjected to two periods of field stimula- 
tion, 30 min apart, with trains of supramaximal (15 Vcm™’), 
unipolar, square wave pulses. Angus and Korner’ delivered field 
pulses to right atrial preparations, beating spontaneously at 
~ 120 beats per min, as single pulses in the refractory period of 
four successive beats; however, in our experiments the stimu- 
lating pulses were not synchronized with the atrial contractions, 
so constant frequencies of stimulation could be maintained 
irrespective of the train duration. Field pulses which occurred 
outside the refractory period produced additional contractions 
to those occurring spontaneously; the maximum chronotropic 
and inotropic responses developed after cessation of stimulation 
and were largely unaffected by the perturbations in rhythm 
occurring during stimulation, as shown for chronotropic 
responses in Fig. 2. 

The stimulation-induced release of noradrenaline was 
deduced from the effiux of radioactivity from the atria®. Resting 
and stimulation-induced effluxes were measured in the solutions 
taken from the organ bath after 30 s contact with the atria. The 
resting efflux was expressed as the mean content of radioactivity 
in two successive 30-s collections taken immediately before 
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Fig. 1 Effect of phentolamine on the stimulation-induced efflux of 
radioactivity in guinea pig atria previously incubated with “H-noradrenaline. 
The physiological salt solution in the organ bath was a modification of 
Krebs-Henseleit solution and had the following composition (in mM): NaCl, 
118; KCI, 4.7; NaHCO,, 25; MgSO,, 0.45; KH,PO,, 1.03; CaCl,, 2.5; 
D-(+)-glucose, 11.1; disodium EDTA, 0.067; ascorbic acid, 0.15; and 
atropine sulphate 0.001. Intramural sympathetic nerves were stimulated 
with field pulses (15 V cm™', 1 ms, at 2 Hz). Two periods of stimulation of 
either 1.5 (4 pulses) or 7.5 (16 pulses) s were given with a 30-min interval 
between them. The stimulation-induced efflux of radioactivity with the 
second period of stimulation (S,) was expressed as a percentage of that in the 
first period (S,) in control experiments (open columns) and in experiments in 
which 3 uM phentolamine (hatched columns) was added 20 min before the 
second period of stimulation and remained present for the second period of 
stimulation, In some experiments with 7.5 s periods of stimulation, cocaine 
(30 uM) was added to the solution bathing the atria 15 min before the first 
period of stimulation and remained present for the second period of stimu- 
lation, The columns represent the mean values for the % S,/S,; the number 
of experiments is given at the foot of each column and the s.e.m. is indicated 
by the vertical line at the top of each column. * Indicates a significant 
difference between pairs of means (P < 0.0001, unpaired 2-tailed, Student's 
t-test). The mean resting effluxes of radioactivity (in 30-s periods) preceding 
the first period of stimulation in the absence and presence of cocaine were, 
respectively, 4,147 d.p.m. (s.e.m.=95, n =20) and 3,951 d.p.m. (s.e.m. = 
128, n =9), The absolute values of stimulation-induced efflux with the first 
period of stimulation were 1,340 d.p.m. (s.e.m. = 139, n = 11) with stimula- 
tion for 1.5 s and 4,053 (s.e.m. = 250, n = 9) and 4,461 (s.e.m. = 475, n =9) 
d.p.m. with stimulation for 7.5s in the absence and presence of cocaine, 
respectively. 


stimulation. The stimulation-induced efflux was calculated as 
the sum of the amounts of radioactivity exceeding the resting 
level of three successive 30-s collections taken from the 
beginning of stimulation. In each experiment, the stimulation- 
induced efflux for the second period of stimulation was expres- 
sed as a percentage of that for the first (% S,/S,). Contractions of 
the atria were measured using a semiconductor strain gauge and 
displayed on a Brush recorder; the signal from the strain gauge 
was used to trigger a cardiotachometer coupler, giving a direct 
recording of rate. The mean resting rate before the first period of 
stimulation was 194 beats per min (s.e.m. = 4, n = 59). Stimula- 
tion-induced changes in rate were expressed as for effluxes. 

In the first series of experiments, field stimulation was with 
1.5-s trains of four pulses at 2 Hz, thus approximating the 
four-pulse stimulation regime used by Angus and Korner’ (see 
above). Phentolamine (3 uM), added 20 min before the second 
period of stimulation, had no significant effect on the resting 
efflux of radioactivity or on the resting force of contractions 
(paired, 2-tailed, Student's t-test; P>0.9); however, in most, 
but not all, preparations in this and subsequent experiments, the 
resting rate of beating was depressed by phentolamine; with 
1.5-s periods of stimulation the mean decrease was 46 beats per 
min (s.e.m.=7, n=5, P<0.005). The stimulation-induced 
efflux of radioactivity was not significantly affected by phen- 
tolamine (%5S.2/S; approximated control values: Fig. 1); 
furthermore, the magnitude of the peak increase in rate of 
beating was not significantly affected (Table 1). 

The failure of phentolamine to increase the chronotropic 
response to stimulation is consistent with the observations of 
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Angus and Korner’, but not with other studies in the same 
tissue’. The discrepancy may be due to differences in the 
sympathetic stimulation parameters, in particular the duration 
of the train of pulses. Stimulation-induced release of `H- 
noradrenaline has previously been shown to be enhanced by 
phentolamine when stimulation was given (either as cardiac 
accelerans nerve stimulation or as field pulses delivered directly 
to the atria) with 30- or 60-s trains of pulses at 4 or 5 Hz (refs 
9-11) and the peak tachycardia response to sympathetic stimu- 
lation was enhanced by phentolamine with accelerans nerve 
stimulation at 0.5 Hz for 10-s periods’; the increases in each 
case were attributed to blockade by phentolamine of pre- 
junctional a-adrenoceptors, and hence to disruption of a nega- 
tive-feedback effect of transmitter noradrenaline, resulting in 
increased transmitter release. In contrast, our results suggest 
that there is little or no expression of negative-feedback regula- 
tion of transmitter noradrenaline release during neuronal 
activity evoked by 1.5-s periods of stimulation at 2 Hz. 

As Fig. 2 shows, there is a considerable delay before the 
complete development of the postjunctional responses to 
sympathetic nerve stimulation. The positive inotropic and 
chronotropic responses to 1.5-s periods of stimulation 
developed after stimulation had ended with the peak effect 
occurring in control preparations 8.7 s (s.e.m. = 0.3, n = 5) after 
the onset of stimulation. The time required for development of 
the inhibitory feedback action following activation of prejunc- 
tional a-adrenoceptors is not known. However, it presumably 
depends on the times taken for release of the transmitter, the 
transmitter—receptor interaction and the events leading to the 
subsequent inhibition of transmitter release. 

To investigate whether a delay in the development of nega- 
tive-feedback action might account for the failure to observe 
effects of phentolamine when stimulation was for 1.5 s, longer 
periods of stimulation were used. When the stimulation period 
was increased to 7.5 s (16 pulses at 2 Hz), phentolamine (3 uM) 
enhanced the stimulation-induced efflux of radioactivity, the 
S/S; ratio increasing ~ 2.8-fold (Fig. 1). Consistent with the 
enhanced efflux, there was a significant increase in the peak 
chronotropic response to stimulation (Table 1, Fig. 2), although 
the effect was less marked than with efflux, presumably because 
stimulation with 16 pulses at 2 Hz produced a near-maximal 
response’’. 

These facilitatory effects of phentolamine cannot easily be 
accounted for in terms of blockade of neuronal re-uptake of 
transmitter noradrenaline. Thus phentolamine had no such 
facilitatory effect on efflux or response when stimulation consis- 
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Fig. 2 Effect of phentolamine on the chronotropic responses to 
field stimulation (Stim) (15 V cm‘, 1 ms, at 2 Hz) of intramural 
sympathetic nerves in two atrial preparations. In each case the 
response to the first period of stimulation (S,) is shown superim- 
posed on the response to the second period (S+); phentolamine 
(3 4M) was added 20 min before the second period of stimulation 
and remained present during that period. In the upper panel the 
periods of stimulation were 1.5 s (4 pulses) and in the lower panel 
7.5 s (16 pulses); bars beneath the records indicate these periods of 
stimulation. To avoid interrupting the response records, the bath- 
ing solution was not collected for radioassay. 
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Table 1 Effects of phentolamine on the increases (% S,/S,) in rate of 
beating of guinea pig atria in response to field stimulation of the 
sympathetic nerves at 2 Hz for periods of 1.5 and 7.5 s 


Stimulation period (s) 


1.5 7.5 
(4 pulses) (16 pulses) 

Mean 108.8 101.4 
Control $.e.m 7.0 3.2 

n 6 5 

Mean 112.0 121.0 
Phentolamine (3 pM) sem 12.5 6.7 

n 4 5 

P >0.8 <0.03 





The peak increase in rate of beating in response to the second (1.5 or 
7.58) period (S2) of field stimulation (15 Vcm™', 1 ms at 2 Hz) of 
intramural sympathetic nerves was expressed as a percentage of the 
response with the first period ($,) of stimulation. In some experiments, 
phentolamine (3 uM) was added 20 min before the second period of 
stimulation and remained present throughout that period. Mean values 
are given together with the standard errors of the means (s.e.m.) and the 
number of preparations (n). P values indicate the level of significance for 
the difference between the means of control and phentolamine groups 
(unpaired, 2-tailed, Student’s t-test). The mean increases in rate of 
beating (A beats per min) with the first period of stimulation were 62 
(s.e.m. = 11) with stimulation for 1.5 s and 103 (s.e.m. = 9) with stimu- 
lation for 7.5 s (n = 10 in each case). 


ted of four pulses at 2 Hz although the chronotropic responses of 
guinea pig right atria to field stimulation with four pulses at 
~ 2 Hz are enhanced in the presence of the neuronal uptake- 
blocking drug desipramine (0.1 4M)’. Furthermore, McCulloch 
et al.” reported that phentolamine in the concentration used in 
the present study (3 uM) had no effect on “H-noradrenaline 
uptake by guinea pig atria during incubation in 0.4 uM °H- 
noradrenaline. 

The effect of phentolamine was also determined in the 
presence of cocaine (30 pM) using stimulation with 16 pulses at 
2 Hz since 30 uM cocaine has been shown to inhibit the uptake 
of *H-noradrenaline (during incubation in 0.4uM `H- 
noradrenaline) by ~ 70% (ref. 13). Cocaine was added to the 
solution bathing the atria 15 min before the first period of 
stimulation and remained present until after the second period 
of stimulation; in the presence of cocaine, phentolamine (3 uM) 
produced even greater enhancement of the stimulation-induced 
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Fig. 3 Radioactivity released by first (drug-free) periods of stim- 
ulation (S,) of guinea pig atria with four field pulses (15 Vcm , 
ims) delivered at frequencies of 0.125, 0.25, 0.5, 1 and 2 Hz 
(corresponding to train durations of 24, 12, 6, 3 and 1.583. The 
atria had previously been incubated with >H-noradrenaline to 
radiolabel the noradrenergic transmitter stores. The columns 
represent the mean values of stimulation-induced efflux, the 
number of preparations is given at the foot of each column and the 
s.e.m. is indicated by the vertical line at the top of each column. 
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Fig.4 Effect of phentolamine on the release from guinea pig atria 
of radioactivity evoked by field stimulation with four pulses 
(15 Vcm~', 1 ms) delivered at frequencies of 0.125, 0.25, 0.5, 1 
and 2 Hz (corresponding to train durations of 24, 12, 6, 3 and 
1.5s). The atria had been previously incubated with `H- 
noradrenaline. The stimulation-induced efflux of radioactivity for 
the second period of stimulation ($3) was expressed as a percentage 
of that with the first period (S1) in control experiments (open 
columns) and in experiments in which 3 uM phentolamine was 
added‘20 min before the second period of stimulation (hatched 
columns). The columns represent the mean values for the % $2/5S,; 
the number of experiments is given at the foot of each column and 
the s.e.m. is indicated by the vertical line at the top of each column. 
* Indicates a significant difference between pairs of means (P< 
0.05, unpaired, 2-tailed, Student’s t-test). The mean resting efflux 
of radioactivity (in 30-s periods) preceding the first period of 
stimulation was 3,686 d.p.m. (s.e.m, = 107, n = 51). The absolute 
values of stimulation-induced efflux for the first period of stimula- 
tion with each of the five regimes are shown in Fig. 3. 


efflux of radioactivity than in its absence, the S/S, ratio 
increasing ~4.9-fold (Fig. 1). In the presence of cocaine, 
however, there was no significant enhancement by phen- 
tolamine of the chronotropic response to stimulation, presum- 
ably because the response was already maximal as a result of 
uptake blockade. Thus, with the 7.5-s periods of sympathetic 
stimulation, the findings are entirely consistent with an 
antagonistic action of phentolamine on prejunctional a- 
adrenoceptors, thereby disrupting an inhibitory feedback 
influence on transmitter release which agrees with a previous 
study’ where blockade of prejunctional a-adrenoceptors with 
phenoxybenzamine failed to enhance transmitter release 
produced by a single pulse, but did enhance that produced by 16 
pulses at 1 Hz. No effects on stimulation with 2, 4 and 8 pulses at 
1 Hz were reported*, but re-examination of the data shows an 
excellent correspondence with the present experiments in that 
transmitter efflux per pulse with two pulses was not significantly 
enhanced by phenoxybenzamine, but the effluxes with four and 
eight pulses were. 

To investigate further the dependence of a@-adrenoceptor- 
mediated feedback action on the duration of stimulation, the 
effects of phentolamine were examined on chronotropic 
responses and stimulation-induced effluxes evoked by four 
pulses of field stimulation delivered at 1, 0.5, 0.25 and 0.125 Hz 
(corresponding to train durations of 3, 6, 12 and 24 s). The 
findings were compared with those for stimulation with four 
pulses at 2 Hz (1.5-s train duration). 

There were marked differences in the amounts of radio- 
activity in the first (drug-free) periods of stimulation with four 
pulses at the various frequencies (Fig. 3). The highest release 
occurred with the lowest frequency of stimulation (0.125 Hz), 
followed by that with the highest frequency of stimulation 
(2 Hz); the releases with each of the three intermediate 
frequencies were similar, but considerably lower than those with 
either 0.125 or 2 Hz. As shown in Fig. 4, phentolamine (3 uM) 
enhanced the efflux of radioactivity evoked by four pulses of 
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stimulation delivered at frequencies of 1, 0.5 and 0.25 Hz, but 
had no effect on efflux with stimulation at 2 or 0.125 Hz. 
Consistent with the effects on transmitter release, the atrial 
chronotropic responses were unaffected by phentolamine with 
the highest and lowest frequencies of stimulation, but were 
enhanced with each of the three intermediate frequencies (Table 
2). The failure of phentolamine to enhance efflux or responses, 
and also the relatively high level of efflux evoked by stimulation 
with four pulses at both 2 and 0.125 Hz, suggest that in neither 
conditions of stimulation is there inhibitory feedback regulation 
of transmitter noradrenaline release. In contrast, the much 
lower levels of efflux produced by stimulation with four pulses at 
1, 0.5 and 0.25 Hz and the enhancements of stimulation- 
induced effluxes and responses by phentolamine are consistent 
with inhibitory feedback regulation. 

Our findings suggest that inhibitory feedback regulation of 
transmitter noradrenaline release through prejunctional a- 
adrenoceptors depends on the frequency and duration of 
neuronal activity. The failure of phentolamine to enhance 
transmitter release and the responses evoked by 1.5-s periods of 
stimulation, in contrast with the enhancements observed with 
longer periods of stimulation, indicates that for stimulation at a 
frequency of 2 Hz, manifestation of inhibitory feedback action is 
delayed at least 1.5s from the onset of stimulation. Further- 
more, the failure of phentolamine to enhance release and 
responses evoked by stimulation at 0.125 Hz indicates that the 
duration of activation of the inhibitory feedback effect is less 
than the pulse interval for this frequency (8 s). It seems likely 
that the delay in a-adrenoceptor-mediated inhibitory feedback 
regulation of transmitter release may represent the time 
required for generation of an intracellular mediator such as a 
second messenger, and that the persistence of the feedback 
action may depend on the inactivation of the mediator. Thus the 
events between prejunctional receptor activation and modula- 
tion of transmitter release may closely resemble those linking 
postjunctional B-adrenoceptor activation with alteration of 
myocardial activity. 

Our results suggest two conditions for the operation of a- 
adrenoceptor-mediated feedback regulation of sympathetic 
transmitter release in guinea pig atria, which are consistent with 
the proposal that transmitter noradrenaline modulates its own 
release in physiological conditions of cardiac sympathetic nerve 
activity. The failure of Angus and Korner’ to observe poten- 
tiation of the tachycardia responses to field stimulation of guinea 
pig right atria was probably due to their excessively brief periods 
of stimulation. 

This work was supported by grants from the NH and MRC 
and the National Heart Foundation of Australia. 





Table 2 Effects of phentolamine on the increases (%S,/S,) in rate of beating of 
guinea pig atria in response to field stimulation of sympathetic nerves with four 
pulses at various frequencies 





Four pulses at (Hz) 


0.125 0.25 0.5 1.0 2.0 

Control Mean 96.8 100.1 99.8 88.8 108.8 
s.e.m. 14.4 10.2 2.8 6.9 7.0 

n 6 5 6 5 6 
Phentolamine Mean 103.0 174.7 132.7 147.5 112.0 
(3 uM) s.e.m. 9.0 31.0 8.2 9.8 12.5 

n 5 6 6 4 4 
P >0.7 ~0.06 <0.005 <0.005 >0.8 





The peak increases in rate of beating in response to the second period (S) of 
field stimulation of intramural sympathetic nerves with four pulses (15 Vcm™', 
1 ms) at the frequencies indicated are expressed as percentages of the chronotropic 
response with the first period (S,) of stimulation. In some experiments, phen- 
tolamine (3 uM) was added 20 min before the second period of stimulation and 
remained present throughout that period. Mean values are given together with the 
standard errors of the means (s.e.m.) and the number of preparations (n). P values 
indicate the level of significance for the difference between the means of the 
control and phentolamine groups (unpaired, 2-tailed, Student's t-test). The mean 
maximal increases in rate of beating (A beats per min) with the first period of 
stimulation were 28 (s.e.m.=2, n =11), 41 (s.e.m.=8, n=11), 57 (s.e.m.=6, 
n=12), 54 (s.e.m.=3, n =9) and 62 (s.e.m.=11, n =10) for stimulation with 
0.125, 0.25, 0.5, 1.0 and 2.0 Hz, respectively. 
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The role of axon-sheath glia in supplying proteins and other 
substances to axons is a topic of interest and controversy”. We 
have now found that when crayfish giant axons are injected 
intracellularly with the tracer dye Lucifer yellow CH, within 
minutes the dye can enter all axon-sheath glia of the adaxonal 
layer (the glial layer immediately adjacent to the axon). This 
demonstrates molecular movement from axoplasm to gliaplasm, 
and satisfies a prerequisite for the communication to glia of 
specific axonal needs. 

Paired medial (MGAs) and lateral (LGAs) giant axons in 
the crayfish Procambarus clarkii are identifiable in each 
preparation, These axons are surrounded by individual glial 
sheaths 2-6 um thick consisting of alternating layers of glial 
cytoplasm and extracellular space containing collagen or other 
material'””'*, The sheath around an MGA is 50-200% thicker 
than that around an adjacent LGA"*. The layer of adaxonal glia 
consists solely of slightly convoluted glial cytoplasm. The adax- 
onal glia are separated from the axolemma by an extracellular 
space of 20-80 nm (refs 10, 11). Adaxonal glia cytoplasm 
contains mitochondria, microtubules and rough endoplasmic 





Fig.1 Fluorescence micrograph of an MGA and the adaxonal glia 
nuclei of its sheath, near the base of the cerebral ganglion. 
Rostrally (left), the nuclei on the dorsal surface of the axon are in 
focus; nuclei on the lateral surfaces are in focus caudally. From 
such data, we estimate that a medial giant axon in a crayfish 
7-10cm long has about 15,000 adaxonal glia. Note the non- 
fluorescing image of the adjacent lateral giant axon (arrow). Flu- 
orescent dyes such as Procion or Lucifer often label axolemma and 
nuclei more intensely than cytoplasm, possibly because of different 
concentrations of cellular constituents to which the dyes bind. Scale 
bar, 100 um. 
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reticulum; axoplasm contains neurotubules, mitochondria and 
smooth endoplasmic reticulum'”’"’. 

The Lucifer yellow CH anion is a lipid-insoluble, sulphonated 
naphthalimide fluorescent dye with a molecular weight of 443 
(ref. 14). Dye was iontophoresed into MGAs or LGAs for 
5-60 min, using 20-100-nA pulses of 0.5s duration at 1 Hz. 
Immediately after injection, the tissues were fixed overnight in 
4% formaldehyde in 0.1 M phosphate buffer (pH 7.4) or 10% 
formalin and dehydrated in ethanol. Tissues viewed in whole- 
mount with a transmitted-light fluorescence microscope '* were 
cleared with methy! salicylate. To obtain correlative light and 
electron microscopic data, tissues were embedded in Spurr's 
plastic and sectioned serially in a sequence of thick and thin 
sections: 3-5 thick sections (0.5-1 um), 6-10 thin sections 
(60-90 nm), and one final thick section (1-2 um). The thin 
electron microscope sections were collected on single-hole 
grids, stained with warm 5% uranyl acetate in 95% ethanol and 
post-stained with lead citrate. Fluorescent structures in the last 
thick section could be identified unambiguously in electron 
micrographs of the last thin section. 

Figure 1 shows a dye-filled MGA viewed in whole-mount. 
The axon boundary is defined by a region of slightly more 
fluorescence and by brightly fluorescing nuclei of adaxonal glia. 
These nuclei appear as 7-um diameter disks lying tangential to 
the axon surface. They contain one or two brighter 1-um spots 
(visible at higher magnifications) which were identified 
subsequently as nucleoli. In each of the 30 areas analysed from 
five MGAs, cells with fluorescing nuclei were always those of 
adaxonal glia identified by electron microscopy, and nuclei from 
all such identified adaxonal glia fluoresced (Fig. 2). Nuclei of glia 
in other sheath layers did not fluoresce above the level observed 
in uninjected control axons. 

Twenty MGAs injected in the circumoesophageal connec- 
tive and four injected in abdominal connectives all gave 
comparable results. Injected LGAs showed fluorescent glia 
patterns similar to the MGAs, except that the number of stained 
glia per unit length was less than for adjacent MGAs, Stained 
glia of dye-injected non-giant axons were also observed. Flu- 
orescing glia were not seen where the MGAs are divested of 
their axon sheath in the supraoesophageal ganglion'*. Mito- 
chondria in dye-filled axons also fluoresced in plastic-embedded 
sections. 

We have considered several unphysiological or nonspecific 
mechanisms by which the adaxonal glia might have been stained. 
Passive diffusion into glia is unlikely: Lucifer is very lipid 
insoluble and membrane impermeable at physiological pH"*; 
extracellularly iontophoresed dye did not stain glia or axons. If 
dye entered damaged glia at the site of axon penetration it could 
have entered other glia through inter-glial'* gap junctions. We 
have, however, observed that dye injected near the supra- 
oesophageal ganglion into one MGA enters, presumably via an 
electrical synapse, the homologous, contralateral MGA and its 
adaxonal glia. This happens even though the axon sheath is 
absent and glial nuclei are not stained in the ganglion where the 
MGAs make their only direct synaptic contact’®. Increased 
permeability resulting from cell membranes damaged before 
fixation is also unlikely: Lucifer dye is a relatively nontoxic’*; 
membranes appeared normal in electron micrographs; injection 
currents were not unusually high'’’'", especially for these large, 
100-200-.m diameter axons; resting membrane potentials 
remained constant during dye injections; axons were filled in 
dim light to avoid cytoplasmic damage resulting from intense 
light exposure of dye-filled cells before fixation'’. Finally, dyes 
can relocate during histological fixation”, but when an injected, 
physiologically intact MGA is transected to allow for diffusion 
and dilution of intra-axonal dye, and viewed immediately, the 
number and pattern of fluorescent glia are comparable with 
those observed in fixed tissue. 

We suggest that the rapid dye movement into adaxonal glia 
reflects a special relationship for intercellular molecular 
exchange between giant axons and glia. Dye diffusion through 
gap junctions between glia and axons could account for our 
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Fig.2 Micrographs of sequential thick and thin cross-sections of 
an injected MGA. a, Electron micrograph showing glial cell nuclei 
in the adaxonal (*) and other (©) sheath layers. b, Light micro- 
graphs showing fluorescing glial cell nuclei (*) in the adaxonal 
layer. c, d, Electron micrograph of two of the three glial nuclei in 
other sheath layers of a. Arrow indicates a collagen layer distal to 
the adaxonal layer (the collagen is not visible in these micrographs). 
e, f, Electron micrograph of glial nuclei in adaxonal layer of a. Scale 
bar: a, b, 10 um; c-f, 1 wm. 


results, although gap-like junctions have not been observed 
between crustacean glia and axons'” '*. Exocytotic—pinocytotic 
processes could transfer dye'”’'' and, in Crustacea, regions of 
specialized axon-glia membrane’? and vesicle accumulation at 
sites of glial-neuronal apposition®’ have been reported. 
Recently, Peracchia has reported finding areas of apparently 
unrestricted cytoplasmic continuity between adaxonal glia and 
axons in crayfish abdominal connectives’. 

Whatever the cellular mechanism, it seems that polar 
substances of at least 443 molecular weight can rapidly and 
specifically move from a crayfish giant axon into its adaxonal 
glia. This may be a specific manifestation of a normal process 
of exchange of many different substances between adaxonal 
glia and intact or severed axons of crayfish and other 
organisms’ '':'***, Indeed, the distal stumps of severed MGAs 
often survive morphologically intact and functionally competent 
for 90-300 days. During this time individual layers of the glial 
sheath, particularly the adaxonal layer, typically increase in 
thickness'”''**?°_ Glial cells around severed MGAs usually 
synthesize and transfer more labelled proteins to severed MGAs 
than to intact MGAs”, and adaxonal glial cells synthesize greater 
amounts of radioactive proteins than do other, non-adaxonal 
glia in crayfish’ and squid®~. 

This work was supported by a PHS traineeship grant to 
T.A.V., a NIH research grant (NS-14412) and Career 
Development Award (NS00070) to G.D.B., and a NSF grant 
(BNS-7910-335) to Raymon Glantz. We thank Dr Walter 
Stewart of NIH for providing us with Lucifer yellow CH and 
R. Glantz, M. Kirk and H. Sperling for their contributions. 
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Since its first isolation in 1954, measles has been considered to 
be an antigenically stable virus'’, a view supported by numerous 
epidemiological studies demonstrating that a single exposure to 
measles confers life-long immunity on the infected host”. The 
basis for protection against recurrent infection is thought to be 
the production of polyclonal neutralizing antibodies that 
recognize a virus existing in only one, invariant antigenic form. 
Indeed, comparison of several independent isolates of measles 
virus for biological parameters such as cytopathic effect (CPE), 
host range and haemagglutination has supported the view that 
variation in measles virus is uncommon**. However, there has 
been no evaluation of variation at the molecular level by 
rigorous biochemical analysis of measles virus strains and of 
their structural proteins. We report here the isolation and 
characterization of spontaneously arising antigenic variants of 
measles by immunoselection, using neutralizing monoclonal 
antibodies directed against antigenic determinants of the 
Edmonston measles haemagglutinin protein. One of these 
variants has been shown to be antigenically similar to a low- 
passage ‘street’ virus isolate of measles, which suggests possible 
antigenic variation outside the laboratory. 

Measles virus belongs to the paramyxovirus family and 
contains six major structural polypeptides’. One of these, the 
haemagglutinin, of molecular weight (MW) 80,000, is a surface 
protein which plays an important part in adsorption of the virus 
to cell surfaces. Presumably, anti-haemagglutinin antibodies 
neutralize the virus by blocking this function. Monoclonal anti- 
bodies to the viral haemagglutinin used here have been 
described elsewhere’. Two monoclonal antibodies (H-1 and 
F/20) were obtained from high-titre ascites by implantation of 
hybridoma cells into the peritoneal cavity of pristane-treated 
mice. Each was capable of neutralizing >200,000 plaque- 
forming units (PFU) per ml ascites. The specificity for the 
haemagglutinin polypeptide of measles virus was established by 
immunoprecipitation as shown in Fig. 1. 

Selection for spontaneously occurring antigenic variants of 
measles virus was performed as follows: 10° PFU of a fifth 
passage stock of attenuated Edmonston strain of measles virus 
were mixed with a neutralizing excess of monoclonal antibodies 
in a total volume of 200 ul and allowed to react on ice for 45 min. 
This mixture was then plated on to a confluent monolayer of 


* To whom reprint requests should be addressed. 


Vero cells and allowed to adsorb at 31 °C for 2h. After the 
adsorption period, the monolayer was incubated in 0.75% CMC 
(carboxymethyl cellulose) in 10% FCS fetal calf serum)-DME 
(Dulbecco’s modified Eagle's) medium for 5 days at 31 °C. The 
presence of viral plaques was assessed after staining with neutral 
red, 

Selection in the presence of monoclonal antibody F/20 gave 
several plaques, but there was none im the presence of H-1. 
Fourteen F/20-resistant plaques were transferred to Vero 
monolayers and passaged to high titre. Neutralization assays 
were performed to establish that these were antigenic variants of 
the original stock virus (Table 1). Of the three clones analysed, 
none was neutralized by the F/20 moneclonal antibody (index 
of 1), whereas the wild-type stock had a neutralization index of 
10°*. Interestingly, these F/20 variants were neutralized by 
monoclonal antibody H-1 to the same degree as the wild-type 
stock. They thus seem to differ from wild type in at least one 
antigenic determinant that is recognized by the F/20 mono- 
clonal antibody, but share the determinant that is recognized on 
wild-type virus by the H-1 antibody. To establish that these were 
stable genetic mutants, the variants were passaged three times 
more and assayed by neutralization after each passage. In all 
cases, the variants showed the same pattern of neutralization, 
that is, non-reactivity with F/20 antibodies (antibodies used for 
selection) and complete neutralization by H-1 antibodies (data 
not shown). It proved difficult to estimate the frequency at which 
these variants arose (due to the titre of our antiserum) but it was 





Fig.1 SDS-PAGE analysis of immunoprecipitated polypeptides 
from infected cellular extracts. Lane 1, purified measles virus; lane 
2, precipitation of infected cellular extracts by hyperimmune rabbit 
anti-measles antiserum; lanes 3, 5, precipitation of infected cellular 
extracts by monoclonal antibodies F/20 and H-1, respectively; 
lanes 4, 6, precipitation of cellular extracts by monoclonal anti- 
bodies F/20 and H-1, respectively. H designates the measles 
haemagglutin; P, the phosphoprotein; NP, the nucleocapsid pro- 
tein; F, the fusion protein; and M, the matrix protein. The pre- 
cipitates were prepared according to ref 7. Briefly, infected 
(multiplicity of infection ~0.1) and mock-infected cultures of 
CV-1 cells were pulse-labelled with either ““S-methionine, '*C- 
arginine or “H-arginine; this was done until 100% CPE at which 
time the monolayer was washed once with phosphate-buffered 
saline (PBS) and lysed in a detergent buffer (0.5% NP-40, 0.3% 
SDS, 0.5% deoxycholate Tris buffer pH 7.4). A 10-1 sample of the 
extract was precipitated in cold trichloroacetic acid (TCA), washed 
and counted with Aquasol in a Beckman scintillation counter. 
5x 10° c.p.m. of the extract was added to 20 ul of hyperimmune 
rabbit anti-measles antiserum or 1 yl of hybridoma ascites fluid. 
The mixture was allowed to react overnight at 0°C; then the 
immune complexes were removed by the addition of protein-A- 
Sepharose (Pharmacia) and subsequent centrifugation in an 
Eppendorf microfuge. After several washings, the Sepharose was 
resuspended in SDS lysis buffer and boiled for 3 min. Aliquots were 
removed, loaded on to 7.5% SDS-Tris—glycine gels and run for 
~2.5h. The gels were stained, destained and processed for 
fluorography (Enhance; NEN). 
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Table 1 Neutralization analysis of wild-type virus and antigenic variants using monoclonal antibodies 





Virus titre (PFU mi7') Neutralization index 








RaMs . H-1 F/20 


Virus RaMs H-1 F/20 No antibody 
Edmonston 7.510" 7x 107 1x10° 7.5x 10° 1x 104 1x10* 7.5x10° 
1677 © <50 <50 3x10* 1.5x 10t 6x10° 6x10? © 05 
Clone 4 ND <50 1.5x 107 1.5x10° ND 3x10 1.00 
Clone 1 © ND <50 1.5x10° 1.75x10° ND | 4x10* 1.09 
1.6x10° 1.8 x 10° ND ND. 11.6 


Clone 2 ND ND 
. | aiid i aie 
Neutralization assays were performed according to ref. 7. Briefly, 10-fold dilutions of a virus sample were made in the presence and absence of a 

constant amount of antibody. After 45 min on ice, these dilutions were plated on to a monolayer of Vero cells and allowed to adsorb for 2 h. The cells 

were then overlaid with 0.75% CMC and incubated at 37 °C for 5 days. Neutralization index = titre of virus sample/titre of virus sample and antibody. 

ND, not determined. Ra Ms refers to rabbit hyperimmune anti-measles serum; H-1 and F/20 are two monoclonal anti-measles haemagglutinin ascites. 


clearly < 10°*. Biochemical analysis of one variant (clone 1) was 
performed to establish whether the variant was a true mutant 
expressing an alteration in the haemagglutinin protein encoded 
by the virus. Immunoprecipitation with monoclonal antibody 
H-1 (monoclonal antibody F/20 did not precipitate the clone 1 
haemagglutinin) of *°S-methionine-labelled infected extracts 
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followed by analytical SDS-gel electrophoresis revealed no 
differences between clone 1 and wild-type haemagglutinins. 
Isoelectric focusing showed no charge differences between the 
proteins, each having an isoelectric point of ~ pH 6.0, and 
having the same minor heterogeneous pattern, probably due 
either to glycosylation or other post-translational modification 
(data not shown). Immunoprecipitated, preparative gel-purified 
haemagglutinin, labelled with radioactive arginine or lysine, was 
then subjected to peptide mapping after tryptic digestion and 
ion-exchange chromatography (Fig. 2). Co-chromatographic 
resolution of the *H-arginine tryptic peptides of the haemag- 
glutinin of clone 1 with those of ““C-arginine peptides of the 
Edmonston measles haemagglutinin revealed no differences 
(Fig. 2a). In contrast, comparison of lysine-labelled peptides 
showed two significant differences between the two haemag- 
glutinins (Fig. 2b). Two peptides were found in the clone 1 
pattern for which there were no corresponding peaks in the wild 
type. This suggests several possibilities, for example, a new 
lysine cleavage site or amino acid substitution in two peptides. 
Note that 33 of the 35 peaks shown in both the arginine and 
lysine maps are shared between both proteins, which suggests 
that the two haemagglutinin proteins differ by one or only a very 
limited number of amino acids. As a control, arginine- and 
lysine-labelled tryptic peptides of the nucleocapsid proteins 
were compared for clone 1 and the wild-type virus (Fig. 2c); no 
differences were detected. Thus we infer that the variants in the 
haemagglutinin arose spontaneously in tissue culture and were 
isolated due to the selection of antibody. 

Do such antigenic variants exist outside the laboratory? We 
determined the capacity of the two monoclonal antibodies to 
neutralize an early-passage measles isolate, the Enders 1677 
strain. As shown in Table 1, this ‘street virus’ showed the same 
neutralization profile as our variant virus, that is, efficient neu- 
tralization by H-1 but not by F/20. As the 1677 strain grows 


Fig. 2 a, Comparison of the tryptic peptides of clone 1 haemag- 
glutinin CH-arginine) with Edmonston measles haemagglutinin 
(4C). b, Comparison of the tryptic peptides of clone 1 haemag- 
glutinin CH-lysine) with Edmonston measles haemagglutinin 
('4C). c, Comparison of the tryptic peptides of clone 1 nucleocapsid 
CH-lysine) with Edmonston nucleocapsid ('*c-lysine). ----, "C 
data; , “H data. The ion-exchange chromatography was 
performed as described elsewhere’. Briefly, *H-lysine-labelled 
clone 2 haemagglutinin and 'C-lysine-labelled Edmonston 
haemagglutinin, immunoprecipitated by monoclonal antibodies 
and purified from 10% SDS preparative gels, were mixed to give a 
total of 20,000 and 10,000 c.p.m. of °H and '*C, respectively. 
These proteins were precipitated with 20% TCA, washed, and 
digested with TPCK trypsin. The supernatant, containing the 
soluble peptides, was separated on a column of Spherix resin (type 
XX8-60-0; Phoenix Co.) using a gradient of pyridine—acetic acid 
buffers. Elution was carried out at 51°C and 200 fractions of 60 
drops per tube were collected in minivials. The pH of the fractions 
were determined, and after evaporation, they were dissolved in 
0.1 ml H-O and counted with Biophore (NEN) in a LS 7500 
scintillation counter (Beckman). Correction was made for the 
overlap of the '*C emission spectrum into the “H channel. 
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Only poorly in tissue culture, it was not possible to perform 
peptide analysis, and it is likely that the street virus differs from 
Edmonston virus at more determinants than our in vitro selected 
mutants. Furthermore, note that this study is limited in that we 
examined only one street-type virus (due to the paucity of 
early-passage viral isolates). Consequently, it is possible that all 
or most street viruses are antigenically identical to 1677 and that 
the Edmonston laboratory strain is the variant. If so, we would 
then have to reinterpret our in vitro selected variants as being 
revertants back to a viral antigenic type more closely resembling 
that found in. natu + Further examination of other isolates 










ji ar demonstration of spontaneously occur- 
ring antigenic variation of measles virus. However, the following 
should be considered. The alteration reported here on the 
haemagglutinin polypeptide occurs at one antigenic deter- 
minant selected against by our monoclonal antibody. Variation 
could be occurring elsewhere in this polypeptide, and even in 
other proteins of measles virus, but as we have screened using 
only two monoclonal antibodies, we can only discriminate 
between variation in “two antigenic determinants. Thus, 
although there is only a low frequency of haemagglutinin vari- 
ants to F/20 antibody (< 10~*), the total frequency of variants in 
a population could be much greater. Clearly one would expect a 
number of amino acid or antigenic determinants to be con- 
served, as has been found for other viral systems". Note that we 
have been unable to select from mutants using our other mono- 
clonal antibody (H-1), which could be an indication that the 
antigenic site recognized by this serum is crucial to the integrity 
of the infectious particle, or that variation is limited to certain 
‘hot spots’ in the gene coding for this molecule. 

Our results raise additional questions about the significance of 
variation in measles virus, which has always been regarded as 
having a single serotype. The data reported here reveal that 
variants are produced at about the same rate as those reported 
for influenza’ and other viruses'’. Clearly, measles virus should 
be re-examined for differences between vaccine strains and 
various wild-type isolates. More importantly, the present 
findings indicate that the measles genome is subject to mutation, 
and the antigens to variation, necessary events to support the 
view that measles virus mutants are involved in persistent 
infections ''-'*, Measles virus mutants have been isolated from 
subacute sclerosing panencephalitis patients. Thus they can 
arise in nature'*’*, and it should now be possible to determine 
whether antigenic variants have any role in the persistence of 
measies-like viruses in vivo. 

We thank Dr William Hall for the early isolate of 1677 and Dr 
M. Scharff for helpful suggestions. This work was supported by 
grants RG 1006 and RG 1241 from the National Multiple 
Sclerosis Society; AI 09807, AI 10702 and 07289 (to S.N.) from 
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Foundation scholar and M.J.B. a trainee of the Medical Scientist 
Training Program (ST32 GM 7288). Part of the work is taken 
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Killing of Mycobacterium microti 
by immunologically 
activated macrophages 
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Postgraduate Medical School, Ducane Road, Donnin aka OHS, UK 
Pathogenic mycobacteria such as tubercle bacilli. are -wsasily 
killed when immunity is developed in an infected animal or man. 
It has long been thought that macrophages are responsible for 
this killing but all attempts to demonstrate this in vimo have 
been unsuccessful”, which has severely hampered our under 
standing of how immunity to tuberculosis is expressed, in parti- - 
cular, indirect evidence that hydrogen peroxide from macros 
phages might kill tubercle bacilli in vivo™™ could not be 
properly tested. Recent studies have shown that macrophages 
can be activated by exposure to soluble products of imme- 
nologically stimulated T lymphocytes (lymphokines) so that 
they acquire a new or enhanced ability to kill infectious agents 
and tumour celis", Hydrogen peroxide has been implicated 
as a key macrophage product needed for killing’*"". We report 
here that normal mouse peritoneal macro es can be 
activated in vitro by lymphokines to kill Mycobacterium 
microti, the natural agent of tuberculosis in voles, and that 
added catalase protects the bacilli from killing. 

We prepared lymphokine-rich supernatants of immu- 
nologically stimulated spleen cells (spleen cell factor, SCF) by a 
modification of a technique described elsewhere (see Fig. 1 
legend and ref. 17). Macrophages that were maintained in the 
presence of SCF showed within 24h morphological signs of 
activation in comparison to control, SCF-free, macrophages. 
The changes, which included symmetrical spreading and an 
increase in the number of phase-lucent vesicles and lysosomes, 
resembled those produced by macrophage-activating factor >", 
The SCF-treated macrophages also released more hydrogen 
peroxide in comparison to untreated cells when stimulated with 
phorbol myristate acetate as described elsewhere’? 

In numerous experiments using five different batches of SCF, 
an enhanced killing of intracellular M. microti was found for 
SCF-activated macrophages compared with control macro- 
phages. The percentage killed within 24h of phagocytosis 
varied, depending on the batch of SCF used, with its concen- 
tration and the duration of macrophage exposure to SCF before 
phagocytosis. The best batches of SCF, when used in optimum 
concentrations (between 15 and 50%) for 3 days, activated 
macrophages to kill 70-97% of the intracellular bacilli within 
24 h (Figs 1 and 2). In contrast, no more than bacteriostasis was 
usually observed in control macrophages. Decline in bacterial 
numbers in monolayers was not due to detachment of infected 
macrophages as assessed visually and by DNA estin ation. 
Repeated rinsing of the monolayers kept the numbers of 
bacteria in monolayer supernatants below 10% of the numbers 
found in the monolayers themselves, thus there was no compli- 
cation of interpretation imposed by continuing phage SIS. 

This induction of killing of M. microti in normala hage 
by treatment with SCF contrasts sharply with results fro 
attempts to evoke killing of pathogenic mycot 
mononuclear phagocytes by in vitro ly mphok 
Previous best results were an inhibition of growt 
terium tuberculosis™5 or a transient period of s low 
Mycobacterium lepraemurium in mouse cells” o 
M. lepraemurium or M. micreti in hum 
Differences between this and previous stu 
to permit identification of the key variab 
definite be said of the nature 1 

To assess whether hydroge ed 
macrophages killed M. microti, her phorbol myris- 
tate acetate or catalase to the macrophages, Although phorbol 
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myristate acetate stimulates release of hydrogen peroxide from 
phagocytes in a manner analogous to a phagocytic stimulus”, its 
presence during phagocytosis did not affect uptake of viab 
bacteria by the macrophages or the subsequent rate of bacterial 
death (Fig. 1). This type of soluble stimulus promotes phagocytic 
killing of other bacteria?*”, but a negative result might only 
mean that hydrogen peroxide release into the bacterial micro- 
environment was maximally evoked by the stimulus of phago- 
cytosis itself. Phagocytosis of an average of four M. microti 
bacilli per cell resembled stimulation with phorbol myristate 
acetate in evoking release of ~0.25 nmol H,O, min“ per 10° 
macrophages. r 

The fact that exogenous catalase protected M. microti from 
intracellular killing (Fig. 2) provides evidence for hydrogen 
peroxide being essential for killing. This agrees with findings for 
$CF-induced kiling of protozoa within macrophages’. M. 
microti resembles fresh isolates of virulent M. tuberculosis in 





24 
Time (h) 


Fig. 1 Killing of Mycobecterhom mucron in SCF-actrvated macrophages 
SCF was made using a pubkebed techniqne’’ with the following minor 
modificahons. Female CELP mice (20-30 g) were injected mtrarenously 
with 3x10’ viable Mycobacterium boos BCG (Glaxo, UK) and after 4-3 
woeks the spleens were removed and used to preparo a cell suspension m 
ice-cold medtum 109 (Gibeo-Biocult, UK). The cells were washed once m 
109, resuspended (2 x 107 colis ml?) in 109 containing fetal calf seram (2% 
v/v}, mercaptoethanol (5 x 10-7 M), L-glutamine (100 pg mi?) and purtfied 
protean dextvatrve of tubercubn (PPD, $0 ng mi~'; Evans Medical, UK) then 
incubated m plastic Petr dishes at 37°C m 5% CO, for 48 h. 
The supernatants (SCF) were then filtered through a 0.45-ym pore 
membrane and stored at —20°C M. sucron strain OV254 was grown in 
continnons culture m a chemostat (dilution rate D = 0.028 h™?) as 
described™, except that the modium contained 0.2% (v/v) Tween 80 and * 
fron, ss ammonmm fernc citrate, st a concentration of 2.0 ng Fe?* mr! 
Portoneal were taken from female BALB/c mice (20-30 g) 
and kopt for 3 days before mfection as monolayers m Poti dishes in 
modium alons** (O, @), or a mixture of medium and 50% SCF (A, A). The 
modum or medum/SCF miture contained at a conco- 
traton meffeotive against M. mucroti (100 U mi~') and was changed daily 
were then ovedmd with a M. micron suspenmon (2.5x 10 
becteria mi") in Hank’s balanced salt solution (BSS) with or without 
phorbol mynstate acetate (1 pg mI); open and choeed symbols respectively) 
and incubated at 37 "C for 2 h to allow phagocytoas The monolayers woro 
then rowed 4 times with warm BSS to remove extracellular bacteria and frosh 


monolayers are shown, expressed as a percentage of those at time fo 
Each polnt represents the geometric mean and range values (bars) from 
duplicate dishes 
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‘ Fig. 2 Tho offect of catalase on ining of M miron m SCF-ectrvated 
macrophages. Before phagocytosis the were kopt as 
monolayers for 24h m medium containing 50% SCF; no antibsotics were 
present at any stage M. wucroh was grown m a chemostat in medium 
containmg 0.05 ug Fe?* mI™'. Catalase (2.5 mg mi}; Sigma) was absent (A) 
or present in the monolayer dishes for 2 h before, during and after phagocy- 
toes (_]). Heat~denatured catalase (100 °C for 30 mm) was used m the same 


way (HD). Immediately after phagocytosss, monolayers contamed 1 3-3.6 
bacteria per macrophage Other experimental details were as described m 


Fig. 1 legend 


both catalase content (~11 mU per mg extracted protein) and 
degree of susceptibility to H,O, (ref. 8.) ` 

Host resistance to pathogenic mycobacteria undoubtedly 
involves multiple factors. For example, it is not obvious how 
hydrogen peroxide could cause the bacteriostasis which is a 
prominent feature of resistance in some forms of tuberculosis”. 
However, the conclusion that macrophages can both kill M. 
tuberculosis in vivo and use hydrogen peroxide to do so, which 
was developed from circumstantial evidence, is now greatly 
strengthened. 

We thank Professor D. A. Mitchison for helpful discussion 
and the MRC for financial support for L. W. 
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Immunoreactive substance P 
and serotonin present 
in the same dense-core vesicles 


G. Pelletier, H. W. M. Steinbusch* 

& A. A. J. Verhofstad* 

MRC Group in Molecular Endocrinology, Le Centre Hospitalier de 
l'Université Laval, Quebec, Canada G1V 4G2 


* Department of Anatomy and Embryology, University of Nijmegen, 
PO Box 9101, 6525EZ, Nijmegen, The Netherlands 


It is well known that several endocrine cell types, particularly 
those found in the gastrointestinal tract, contain not only pepti- 
dic hormones but also a biogenic amine’. Furthermore, it has 
recently been reported that a neuropeptide, substance P, and a 
classical neurotransmitter, serotonin, have been found in the 
same neurones in the central nervous system**. However, these 
light microscopy studies were unable to elucidate the sites of 
storage of the two substances. Moreover, there is no information 
about the organelles involved in the storage of neuropeptides 
and biogenic amines which coexist in the same neurones, 
although it is well established that neuropeptides are mostly 
found in dense-core vesicles of terminals*’. To confirm these 
previous results and to identify the storage organelles, we 
localized substance P and serotonin on consecutive ultrathin 
sections by immuno-electron microscopy. As we report here, we 
found that, in both raphe nuclei and dorsal horn of the spinal 
cord, no more than 20% of serotonin-containing nerve 
terminals were also positive for substance P. In these terminals, 
both substances were found in the same large dense-core vesi- 
cles (60-90 nm diameter). These results strongly suggest that, in 
appropriate conditions, the two substances are released simul- 
taneously. 

Adult male rats were fixed by perfusion in 300 ml of glu- 
taraldehyde in 0.1 M cacodylate buffer (pH 7.6); raphe nuclei of 
the medulla oblongata and ventral horn of the spinal cord were 
carefully dissected and post-fixed by immersion for 1 h in 0.5% 
OsO, diluted in the same cacodylate buffer. Serial ultrathin 
sections from these regions were alternately stained for 
substance P and serotonin according to techniques described 
elsewhere’, Antisera to substance P™° and serotonin'' were 
used at a dilution in the range 1 :2,000-1 : 4,000. The specificity 
of immunostaining was determined by absorption of each 
antiserum (diluted 1: 2,000) with substance P and serotonin at a 
final concentration of 10°°M. As previously reported’’"’, 
immunostaining was abolished only after absorption with the 
corresponding antigen. 

We observed several terminals containing serotonin- 
immunoreactive material in the raphe nuclei and spinal cord. In 
these terminals, most of the reaction product was found in 
dense-core vesicles of diameter 60-90 nm. We could not detect 
any staining in small, clear vesicles. In each area examined ~40 
serotonin-containing nerve ends were visualized; ~50% of 
these were seen making typical synaptic junctions. Adjacent 
sections were observed for staining for substance P; no more 
than 20% of these serotonin-containing terminals were positive 
for substance P in both raphe nuclei and spinal cord. The 
staining pattern was very similar for both antisera, all the 
dense-core vesicles being labelled (Fig. 1). Despite the 
difficulties in sectioning 60-90-nm dense-core vesicles, we were 
occasionally able to observe the same dense-core vesicles on two 
consecutive sections; staining for substance P was observed in 
vesicles that also contain serotonin. 

This localization of serotonin clearly shows that serotonin 
immunoreactivity is predominantly contained in the dense-core 
vesicles of positive nerve endings. However, as certain amounts 
of immunoreactive material may have been lost or destroyed 
during the aqueous fixation procedures, these results do not 
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Fig.1 a, Ultrathin section through the anterior horn of the spinal 
cord immunologically stained for serotonin. A strong reaction was 
found in all large dense-core vesicles (arrowheads) in a terminal 
whereas there was no detectable staining of small, clear vesicles. 
Note the absence of synaptic contact. b, Adjacent section stained 
for substance P. A strong reaction was also observed for all large 
dense-core vesicles (arrowheads) with no staining of small, empty 
vesicles. Scale bars, 0.4 um. 


exclude the possibility that serotonin can be associated with 
other organelles such as small, clear vesicles. 

Our results agree with previous observations“ that substance 
P and serotonin are localized in the same terminals. It is there- 
fore very likely that these substances are simultaneously 
released when the terminal is stimulated. The concomitant 
release of peptides and biogenic amines has not been reported in 
the central nervous system. However, Viveros ef a/.'* have 
shown that in the adrenal medulla, enkephalins and cate- 
cholamines are stored in the same secretory granules. It is 
possible that in the central nervous system some neurones could 
behave in the same way as cells of adrenal medulla, which are of 
neural origin. 

The absence of typical synaptic junctions in many of the 
terminals which contain both substance P and serotonin suggests 
that they could be released at sites other than the synaptic 
junctions. This has already been proposed for the noradrenergic 
system’. If it is the case that a peptide and a biogenic amine are 
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released simultaneously in the brain, as suggested by our results, 
the physiological significance of such release remains to be 
discovered. 
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In chemical carcinogenesis, initiation is defined as the exposure 
of a tissue, generally mouse skin, to a limited dose of carcinogen 
which by itself does not induce tumours’. Subsequent treat- 
ments, usually by tumour promoters, are required to allow 
expression of initiation. In the absence of further treatment, the 
initiated cells are not recognizable by any known biochemical or 
biological criteria and the tissue itself functions normally. Much 
research has centred on elucidating the mechanism of initia- 
tion’. It seems likely that initiation involves a genetic change in 
the target cell as its expression after tumour promotion is a 
permanent characteristic of the tissue, even if many cell genera- 
tions have elapsed between initiation and promotion*. Studies 
on tissues from patients with familial polyposis coli suggest that 
the occurrence of initiated cells in these individuals is due to an 
autosomal dominant gene’. Few studies have actually attempted 
to define the biological nature of the initiating alteration itself. 
We report here that cells resistant to terminal differentiation can 
be readily isolated from skin of BALB/c mice exposed to an 
initiating dose of carcinogen in vive but not from control mouse 
skin. Also, we found that one strain of mouse (SENCAR) might 
contain a preexisting population of cells resistant to differen- 
tiation, and possibly initiated for tumorigenesis. 

The association of initiation with an altered response to 
differentiation signals was suggested by our observations that 
exposure of cultured mouse epidermal basal cells to initiators of 
carcinogenesis yields cellular foci which resist the proliferative 
block associated with induced terminal differentiation. 
Carcinogen-altered cells proliferated in culture conditions 
where normal cells differentiated terminally and died®*. Cells 
from such foci were not tumorigenic, but malignant epidermal 
celis also resisted the differentiation signal in vitro®’. Our stu- 
dies took advantage of the discovery that extracellular calcium 
concentration regulates epidermal growth and differentiation in 
cell culture!°—in medium with 0.02-0.09 mM Ca’**, epidermal 
cells maintain a high proliferation rate and have characteristics 
of basal cells''; but when medium Ca’* is increased (1.2- 
1.4 mM), proliferation stops and terminal differentiation pro- 
ceeds through stratification and cornification, leading to cell 
death and sloughing from the culture dish. Altered cells can be 
easily selected because they proliferate in conditions (1.2 mM 
Ca?) where normal cells have sloughed. After induced 
differentiation, dishes can be fixed, stained and positive plates or 
foci counted’. 








Table 1  Differentiation-resistant (rhodamine-positive) colonies from mouse 
epidermis treated in vivo with initiating dose of 7,12-dimethylbenz[a Janthracene 








(DMBA)} 
Positive 
plates / 
Time in vitro (weeks) total 
Experiment in vivo treatment 0.02 mM Ca?* 1.4mM Ca’* plates 
308RB TPA (5 pg twice li 4 0/10 
(BALB/c) weekly x 4 weeks) 
Acetone (200 wl twice li 4 1/23* 
weekly x 4 weeks) 
308RBI DMBA (25 yg 1; no 1} 4 4/1it 
(BALB/c) treatment x 2 weeks) 
Acetone (200 pl x 1; no 11 4 0/9 
treatment x 2 weeks) 
308RB2 DMBA (25 ug xi) 11 4 14/317 
(BALB/c) Acetone (200 pl twice 
weekly x 4 weeks) 
DMBA (25 peg x 1) 11 4 24/327 


TPA (Spg twice 

weekly x 4 weeks) 
Acetone (200 pl x 1) 11 4 0/30 
TPA (3 ug twice 

weekly x 4 weeks) 
Acetone (200 pix 1) 11 4 1/27" 
Acetone (300 pl twice 

weekly x 4 weeks) 


308RS DMBA (25 wg 1) 11 4 
iSENCAR) Acetone (200 jl twice 
weekly x 4 weeks) 
DMBA (25 yg x 1) 11 4 
TPA (S5pg twice 
weekly x 4 weeks) 
Acetone (200 plx 1) 1l 4 
TPA (5ug  twiœ 
weekly x 4 weeks) 
Acetone (200 pl x 1) 11 4 
Acetone (200 ul twice 
weekly x 4 weeks) 


18/307 
7/29*4 
7/29* 


7/29* 





Epidermal cells were prepared from skins of four to six animals per group 
treated in vivo as shown in the second column. The methods for isolation of 
keratinocytes from adult mice have been described previously”. Pooled cell 
preparations were counted in a haemocytometer with Trypan blue and 2x 10° 
viable cells plated per 35-mm culture dish in low calcium Eagle's medium (LCEM) 
(Eagle’s minimal essential medium prepared without calcium and containing 
non-essential amino acids (x 1) (Microbiological Associates) and 8% Chelex- 
treated fetal calf serum (FCS, Reheis} and 1% antimycotic-antibiotic {Gibco} ®). 
After 24h, cultures were washed and re-fed with LCEM and maintained in this 
medium (which has a Ca** content of 0.02 mM and supports the growth of basal 
cells) for 10 weeks with medium changes twice weekly. At this time cultures from 
all groups were generally 50-100% confluent. Cultures were then switched to 
medium 199, containing 2% FCS and 0.07 mM Ca?” for 1 week and then medium 
199, containing 2% FCS and 1.2 mM Ca’* for 1 week. Finally, all cultures were 
switched to Eagle’s medium containing 8% FCS and 1.4 mM Ca**. These medium 
changes enhance induced terminal differentiation in normal cells and have been 
discussed previously®. After 4 weeks in 1.2-1.4 mM Ca** medium, plates were 
fixed with 10% formalin and stained with rhodamine, which stains stratifying 
epidermal colonies red°. Plates were scored as positive or negative depending on 
whether there were red colonies > 5mm in diameter. All colonies were also 
examined using a dissecting microscope to ensure that red foci were not residual 
keratinized debris. 

*Small colonies (< 1 cm). 

tLarge colonies (> 1 cm) or confluent dish. 


The dorsal epidermis of BALB/c or SENCAR mice, 7-8 
weeks old and in the resting phase of the hair cycle, was painted 
once with 25 yg of 7, 12-dimethylbenz[a Janthracene (DMBA) 
in 200 pl of acetone. Control mice received acetone only. This 
amount of DMBA is insufficient to produce tumours in the 
absence of promotion, but if promotion follows, many tumours 
develop with a Tso (50% tumour incidence) latent period of 
8-10 weeks for SENCAR and 20-30 weeks for BALB/c. Thus, 
we define 25 pg DMBA as an initiating dose of carcinogen for 
mouse skin. In some animals, the tumour promoter 12-O- 
tetradecanoyl phorbol-13-acetate (TPA), Spg in 200 ul 
acetone, was applied twice weekly beginning 7 days after initia- 
tion. Controls received acetone only. TPA or acetone exposures 
were continued for 4 weeks, not long enough for tumours to 
develop. Either 3 days or 1 week after the last application of 
acetone or TPA (6 weeks after DMBA), animals were killed and 
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Fig. 1 Rhodamine-stained plates 

representative of experiment 308RB2. 

In vivo exposure to: a, both DMBA and 

TPA; b, DMBA only; c. TPA only; d, 

acetone Only. Positive plate in d 

contains the most definitive colonies 
seen in a BALB/c control. 


the dorsal skin removed for culture. In one experiment (308 
RB1, Table 1) animals were killed 2 weeks after DMBA without 
TPA treatment. Culture conditions which allow selection of 
differentiation-resistant foci are described in Table 1 legend. 

Table 1 gives the results of four experiments. Only 2 out of 99 
dishes derived from epidermis of non-initiated BALB/c mice 
with or without TPA contained foci resistant to Ca**-induced 
terminal differentiation and both had only very small, relatively 
pale colonies (Fig. 1d). In the initiated BALB/c groups, 50- 
60% of all dishes contained colonies resistant to terminal 
differentiation and most were either confluent or contained 
multiple large, dark red colonies (Fig. la, b). The intensity of the 
red staining reflects both the cell number in each colony and the 
degree of vertical stratification. Because of the difficulty in 
distinguishing individual colonies, we did not attempt to quan- 
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tify them. Experiment 308 RB1 shows that resistant colonies 
can be expressed in culture within 2 weeks of in vivo initiation. 
This finding does not exclude the possibility that changes begun 
in vivo could have been completed during the 11 weeks of in 
vitro growth in 0.02 mM Ca”. 

Table 1 also shows the results of a similar protocol with 
SENCAR mice. These mice have been bred for sensitivity to 
skin carcinogenesis and we have previously suggested that initi- 
ated cells may pre-exist in their epidermis ”'*. In this experiment 
the initiated group (DMBA only) yielded ~ 60% positive plates 
with many large red colonies (Fig. 2b). Cultures from SENCAR 
animals receiving both DMBA and TPA had a smaller number 
of positive plates but in general the colonies resembled those of 
the group receiving DMBA alone (three confluent plates from 
this group are not shown because they were subcultured to 


Fig. 2 Rhodamine-stained plates 
representative of experiment 308RS. In 
vivo exposure as for Fig. 1. Not shown in 
a are three confluent plates used for 
isolating colonies for further study. Two 
plates on far right of a and c are nega- 
tive. Small colonies inc and d were also 
evaluated by microscopic appearance to 
establish that they were positive. 
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obtain cell lines). This reduction in positive plates could be due 
to the skin cytotoxicity associated with exposure of SENCAR 
mice (but not BALB/c mice) to Syg TPA”. Experiment 
308 RS indicates that uninitiated control groups yielded positive 
plates (Table 1). Although the colonies in control plates were 
qualitatively different from those in DMBA-initiated groups 
(Fig. 2c,d), microscopic analysis indicated that they were 
surviving and growing colonies. A second experiment with 
SENCAR cells (not shown here) with a slightly varied protocol 
confirmed that control plates were positive in the SENCAR 
group. Thus, untreated SENCAR mouse skin contains cells 
similar to initiated skin with regard to resistance to terminal 
differentiation. These data agree with our finding that TPA 
treatment of SENCAR mice (but not BALB/c mice) in the 
absence of initiation leads to the development of a significant 
number of papillomas’*. However, either a smaller number of 
cells have this trait or it is expressed to a lesser or qualitatively 
different extent in untreated SENCAR and can be significantly 
amplified by treatment with initiator. 

In all studies, the colonies which persisted after Ca**-induced 
differentiation had an epidermal morphology and could be 
subcultured. These cells seemed to be identical to terminal 
differentiation-resistant epidermal cells isolated from the in vitro 
assay previously reported®. Studies are now in progress to 
determine if the cells are tumorigenic and to characterize their 
biological properties. 

Our studies indicate that initiation of carcinogenesis in mouse 
skin is associated with the evolution of cells which resist induced 
terminal differentiation by Ca** in vitro. In vivo, such cells would 
proliferate even when no longer in contact with the basement 
membrane, a condition which results in a proliferative block and 
terminal differentiation in normal cells. We have suggested a 
mechanism by which cells resistant to differentiation signals 
would clonally expand in response to tumour promoters that 
cause a regenerative hyperplasia®'’. Such clones would be 
expected to have a high labelling index but still express differen- 
tiative function in the upper layers. These characteristics are 
found in papillomas, which are the principal product of two- 
stage carcinogenesis in skin. 

Previous data'*’”. suggest that an alteration in regulation of 
normal differentiation, particularly with regard to the proli- 
ferative block commonly associated with terminal differen- 
tiation, is an early event in chemical carcinogenesis, possibly the 
initiating event. The assay we have developed can recognize and 
quantitate this change, and also provides a way of isolating the 
altered population. 

We thank Drs Henry Hennings and Umberto Safhotti for 
helpful suggestions and Mrs Margaret Green for secretarial 
assistance. 
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The invasive properties of metastatic cells may be related to 
their ability to form cell-cell and cell~endothelial matrix inter- 
actions, behaviour which may be mediated by tumour cell- 
surface proteins. However, efforts to find qualitative differences 
in surface protein between cells with different metastatic poten- 
tial have been disappointing’ ~~. The in vivo metastatic ability of 
B16 melanoma cell lines has been correlated with their ability to 
aggregate with platelets’° and 1 M urea extracts of metastatic 
cells are known to be more effective in platelet aggregation than 
those from their less metastatic counterparts’. In addition, 
recent in vivo experiments have shown that plasma membrane 
vesicles from highly metastatic tumour cells can modify the 
metastatic behaviour of poorly metastatic sublines when fused 
with the latter". We have now examined possible differences in 
the surface macromolecules of B16 metastatic variants; our 
results show novel qualitative differences in surface protein that 
correlate with differing metastatic behaviour of the melanoma 
cells, ; 

The experiments described here were done using B16-F10"" 
cells (low incidence of metastasis in the lung, selected in vitro 
for resistance to lysis by syngeneic lymphocytes)’, B16-F10 
cells (high incidence of lung colonization, selected by successive 
passaging of lung tumour colonies for 10 in vivo/in vitro selec- 
tions)" and B16-BL6 selected from the B16-F10 cell line* for 
increased invasive capacity. All the cell variants were main- 
tained in vitro and assayed for metastasis in vivo, as described 
elsewhere’''!. In our experiments we observed that intramus- 
cular (i.m.) injection into 9-12-week old CS7BL mice with 
2.5x10* cells from subconfluent cultures produced multiple 
experimental pulmonary metastasis in 60-75% of the animals 
for the BL6 cell line, or clones derived from it. Compare this 
with 25-33% multiple lung metastases in animals exposed to 
F10 cells or their clones, and <5% pulmonary metastasis 
when animals were injected with cloned cultures derived from 
F10' cells. These results agree with those reported else- 
where’. 

Radioiodination of surface proteins was carried out on cell 
monolayers using lactoperoxidase, glucose oxidase and ‘*"I- 
labelled Nal (1 mCi per 10’ cells), followed by solubilization, 
electrophoretic analysis in 7.5% SDS-gels and autoradiography, 
as described elsewhere’. Enzymatic iodination of B16 
melanoma cell-surface proteins and subsequent electrophoretic 
analysis showed labelling mostly in the 78,000 (78 K), 140 K, 
200 K and 45 K molecular weight (MW) regions but failed to 
reveal significant qualitative differences between cells of 
differing metastatic potential (Fig. 1, lanes a-c). Nevertheless, 
some minor quantitative differences were observed in the B16- 
FLr cells, used as a control because of their markedly lower 
metastatic potential (lane c). These findings agree with previous 
reports on the same cell lines’. Similar results were obtained 
using sodium periodate-tritiated borohydride labelling (data 
not shown): this also agrees with other reports’. 

As 1 M urea is known to release platelet-aggregating ability 
from tumour cells*’, we examined whether such treatment of 
pre-iodinated cells led to a differential solubilization in cells of 
differing metastatic potential. A comparison of the molecules 
solubilized by 1 M urea extraction revealed that F1 Of cells of 
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low metastatic potential gave a component of MW ~18 K, as 
well as some components in the 78 K-MW region. In contrast, 
components of MW ~78 K, and no low molecular weight spe- 
cies, were detected in the 1 M urea fraction of F10 metastatic 
cells (Fig. 1, lanes d, e). 

As p-formaldehyde and dithiotreito] (DTT) have been shown 
to potentiate plasma membrane vesiculation’*'* and because 
plasma membrane vesicles from metastatic but not from non- 
metastatic cells were shown to be important in the metastatic 
process®, we examined the effect of conditions that promote 
membrane vesiculation on surface proteins from preiodinated 
metastatic BL6 and F10 cells (Fig. 1, lanes f, g) and on 
non-metastatic FLr cells (Fig. 1, lane 4). The patterns shown by 
two metastatic cells were very similar (Fig. 1f,g) and different 
from that seen in the less metastatic variant (Fig. 1h). In the 
latter, we observed the presence of an 18 K-MW species, the 
absence of the 45 K-MW components seen in metastatic cells 
(Fig. 1f,g), and a significant radioactive species which migrated 
slightly faster than the 78 K-MW components of metastatic cells 
(more evident in Fig. 1, lane i, in which lower levels of radioac- 
tivity were used than in lane A). 

To study the effect of urea on surface proteins, we compared 
the protein species solubilized after treatment of pre-iodinated 
cells with 1M or 8M urea. Contrary to the expectation that 
higher levels of urea would allow the isolation of greater quan- 
tities of 18 K-MW surface component from low metastatic F10™ 
cells, 8 M urea extraction of pre-iodinated F10" cells gave lower 
levels of the fast migrating protein, whereas it was clearly 
detectable in 1 M urea extracts of iodinated cells (Fig. 24). The 
fact that the 8 M urea extracts showed the presence of slower- 
migrating components (Fig. 2a) and did not reveal several faster 
migrating components evident in iodinated cells extracted in 
1 M urea may be due to the release or activation by the lower 
urea concentration of a protease from non-metastatic cells; this 
protease may be inhibited in 8 M urea. 





Fig. 1 Expression of cell-surface alterations in B16 melanoma 
variants. Cell monolayers were iodinated’? and examined as such, 
or after exposure to p-formaldehyde/DTT’*"*, by solubilization 
and electrophoresis as described elsewhere'*. For extraction with 
1 M urea, a 5X mixture was added to the iodinated cells to give a 
final concentration of 2% SDS, 0.1 M -mercaptoethanol and 
0.1 M Tris-HCl, pH 6.8, at 90 °C for 3 min before electrophoresis 
in 7.5% polyacrylamide gels'*. a, B16-BL6 cells; b, B16-F10 
cells; c, B16-F10" cells; d, aliquot (~25%) of a 1 M urea extract 
of iodinated F10* cells; e, aliquot (~25%) of a 1 M urea extract of 
iodinated F10 cells; f-h, same cells as for a-c but treated with 
p-formaldehyde/DTT; i, same as in A but with lower levels of 
radioactivity. An arrow indicates the position of the 18 K-MW 
component seen in samples from cells of low metastatic potential. 





Fig. 2 Effect of urea on the surface-associated components of 
poorly metastatic cells. lodinated F10" cells were extracted for 
16 h at 4 °C with Tris-HCI (0.05 M, pH 7.4) containing either urea 
8 M (a) or 1 M (b). After centrifugation of the extracts at top speed 
for 15 min in an Eppendorf microcentrifuge, the supernatants 
were subjected to electrophoretic analysis. The more obvious 
differences between a and b are indicated by arrows. 


As tumour cell heterogeneity is known to play an important 
part in metastasis*’’', we cloned the F10, BL6 and F10™ cells at 
limiting dilution to test whether some of the reported differences 
could also be detected in their clones. A typical experiment, 
using conditions that promote membrane vesiculation'*""* in the 
newly derived sublines which retained the biological behaviour 
of their parent cells, once again showed increased migration in 
the 78 K-MW region (Fig. 3) as well as the other fast-migrating 
species present only in the less metastatic variants (Fig. 3, lanes 
a-c). 

Cell monolayers were extracted with non-ionic detergents to 
prepare a cytoskeletal matrix, as we thought that the cyto- 
skeleton might significantly affect surface behaviour’* and that 
such extraction might elucidate different solubilization proper- 
ties of surface molecules for variants of differing metastatic 
behaviour. To test the latter possibility, we examined the effect 
of extracting surface-iodinated cells with isotonic medium 
containing Triton X-100 detergent by comparative electro- 
phoretic analysis’®. Whereas the Triton-insoluble components 
from iodinated metastatic BL6 and F10 cells gave essentially 
similar patterns with comparable proportions of species in the 
78 K-MW region (Fig. 3d,e), the corresponding fraction from 
the less metastatic F10™ variant showed a greater level of 
radioactivity in faster-migrating bands (Fig. 3f) and in particular 
in components with electrophoretic migration similar to the 
species that were extracted using 1M urea from iodinated 
monolayers of the same low metastatic variant (see Fig. 2), 

To our knowledge, this is the first report to show differences in 
cell-surface proteins between cells that produce Significant 
experimental metastasis in the lung, and cells of low metastatic 
ability. These differences, demonstrated in conditions that 
promote membrane vesiculaton, or after urea or Triton X-100 
extraction of surface-iodinated cells, seem to be compatible with 
recent in vivo experiments’ which indicate that plasma 
membrane vesicules from metastatic cells differ in their in vivo 
behaviour from those of less metastatic variants. 

It is also interesting that 1M urea extraction of surface 
components revealed significant differences between the low 
and high metastatic variants. As surface components of meta- 
Static cells extracted in this way have a role in platelet 
aggregation’, it is tempting to suggest that one reason the low 
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Fig. 3 Effect of treatment with p-formaldehyde/DTT and Triton 
X-100 on the surface proteins of cloned lines of B16 melanoma 
variants. Clones of B16 melanoma variants obtained by limiting 
dilution of the parent cells were cultured in microtitre plates to give 
stocks for surface iodination, exposed to p-formaldehyde/DTT 
(a-c) or Triton X-100 (d-f), and products separated by elec- 
trophoresis as described in the text. a and d, B16-BL6 clone; b and 
f. B16-F10" clone; c and e, B16-F10 clone. The arrows show the 
positions of the more obvious changes in the non-metastatic clones. 
Similar results were obtained when five other clones of each cell 
type were tested for cell surface properties and experimental 
metastatic behaviour, which resembled that of the parent lines. 


metastatic variants fail to promote the platelet aggregation that 
is important for spread of malignant disease” is the preferential 
degradation of such components in low, compared with high, 
metastatic variants. This greater susceptibility of surface pro- 
teins from low metastatic cells was shown not only in conditions 
of induced membrane vesiculation or urea extraction, but also 
on extraction of labelled cells with Triton X-100 in conditions 
used to prepare cytoskeletal matrices'*. When all three extrac- 
tion procedures were used on poorly metastatic cells, we 
obtained components of lower molecular weight than those 
observed in the more metastatic cells. 

An explanation consistent with these results is that cells with 
lower metastatic potential have greater protease and/or gly- 
cosidase activity, which in turn leads to a greater turnover of the 
surface components required for cell-cell interaction and 
subsequent cellular survival during the invasive process. 

We thank Dr I. J. Fidler for providing the B16 melanoma cells 
used here, through the NCI Tumor Bank. 
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Glycosphingolipids are generally considered to be present only 
on the surface of plasma membranes and to participate in 
surface-related cellular activity’. However, our previous 
immunohistochemical studies? showed that affinity-purified 
antibody against galactocerebroside (GC) labelled not only the 
plasma membrane, but also the cytoplasm of epithelial cells in 
particular areas of hamster kidney, liver and lung. To confirm 
these findings and to try to obtain more detailed information on 
the subcellular localization of GC, we reinvestigated this prob- 
lem in an epithelial cell line derived from monkey kidney. We 
report here the results indicating that GC is present in the 
cytoplasm of some cultured cell lines of epithelial origin in close 
association with colchicine-sensitive microtubule-like sub- 
cellular structure. 

JTC-12, an established cell line derived from cynomolgus 
monkey kidney’, is known to be parathyroid hormone sensitive“ 
and to have y-glutamyltranspeptidase activity, suggesting its 
renal cortical epithelial origin. The cells were serially cultivated 
in DM-160 medium with 10% calf serum. Rabbit antibody 
against GC of bovine spinal cord was purified by affinity 
chromatography as described previously”. The antibody showed 
strong affinity for GC, and high specificity in that it did not react 
with any structurally related glycosphingolipids’. When assayed 
by complement fixation, the titre of the antibody preparation 
was 1:200. For indirect immunoperoxidase or immuno- 
fluorescent studies using anti-GC antibody, the cells were dis- 
persed with 0.25% trypsin, plated on Lab-Tek chamber slide no. 
4804 at a concentration of 2-5 x 10° cells per well and allowed to 
become attached to the slide for 24-48 h. Cells were washed 
with phosphate-buffered saline (PBS), immediately air dried 
(unfixed) or fixed for 10 min in acetone at room temperature and 
then incubated with anti-GC antibody for 30 min at 37 °C. The 
antibodies bound to the cells were visualized by indirect 
immunoperoxidase or immunofluorescence methods as 
described elsewhere’. 

JTC-12 cells, either fixed or unfixed, were positively stained 
with anti-GC antibody, showing numerous cytoplasmic fibres 
originating near the nucleus and extending out towards the 
periphery of the cell (Fig. 1a). Individual fibres were thin and 
separated from each other, following various courses, some 
were straight and some bent or curved. These patterns and the 
distribution of cytoplasmic fibres located with anti-GC antibody 
seemed to be very similar to those reported for microtubules or 
intermediate filaments*’. However, unlike microtubules, cells 
in the mitotic phase showed strong staining all over the cyto- 
plasm, but not in mitotic spindles and intercellular bridge (Fig. 
1b). When antibody preabsorbed with GC or non-immunized 
rabbit serum was substituted as control for anti-GC antibody, no 
fibrous structure were demonstrated in the cytoplasm (Fig. 1c). 

To identify the cytoplasmic fibres stained with anti-GC anti- 
body, cytoskeleton was prepared by the method of Osborn and 
Weber’’, from cells in stabilization buffer containing 0.5% 
Triton-X 100, and then subjected to immunostaining for GC. As 
Fig. 2a shows, the cytoplasmic fibrous networks were most 
clearly visualized, indicating that GC is associated with cyto- 
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Fig. 1 Micrographs of JTC-12 cells fixed in acetone and stained 
for GC by the immunoperoxidase method. Peroxidase-labelled 
anti-rabbit immunoglobulin raised in goats (E-Y Laboratories) 
diluted 1 : 30 was used as secondary antibody. As control, antibody 
preabsorbed with GC was substituted for the primary anti-GC 
antibody. Briefly, antibody solution was mixed with liposomes 
consisting of approximate amounts of GC-lecithin-cholesterol 
(1:4: 10 by wt) which was prepared by the method previously 
reported’, and then kept at 37 °C for 1 h with swirling and then at 
4°C overnight. The mixture was centrifuged for 30min at 
12,000 r.p.m. and the supernatant was used as the preabsorbed 
antibody. a, Well developed cytoplasmic fibres stained for GC are 
demonstrated in a cell with abundant cytoplasm. b, Intercellular 
bridge (arrow) is not stained for GC. c, By preabsorption with GC, 
Staining reaction is completely lost from cells. x 1,300. 


skeleton of JTC-12 cells. Air-dried, unfixed cells were similarly 
stained with anti-GC antibody, thus excluding the possibility 
that cytoskeletal structures visualized with this antibody are 
artefacts due to the conditions of fixation. 


To determine the type of cytoskeleton with which GC is 
associated, we examined the effect of pretreating the cells with 
colchicine, cytochalasin B and cold temperature, as described 
previously”’''. On pretreatment with colchicine or exposure to 
low temperature, cytoplasmic fibres were completely lost (Fig. 
3a, b). Colchicine treatment occasionally induced diffuse weak 
Staining all over the cell, but never caused formation of a 
perinuclear coil and a loop around the cytoplasm as reported for 
intermediate filaments'*’*. In contrast, brief treatment with 
cytochalasin B, which destroys microfilaments'*'’, caused no 
loss of the fibrous structure stained for GC (Fig. 3c). The results 
of these pretreatments agree with those described for micro- 
tubules. A comparison of the staining reactions to anti-GC and 
rabbit anti-porcine brain tubulin antibodies after pretreatment 
of the cells with a chloroform-—methanol solvent mixture, which 
is very effective for extraction of lipid, clearly indicated that 
anti-GC antibody does not react with tubulin itself, as this lipid 
solvent abolished the staining reaction with anti-GC antibody, 
but had little effect on that with anti-tubulin antibody (data not 
shown). 

Because it is generally accepted that membrane glycolipids of 
different cell types have a characteristic composition, in contrast 
to the ubiquitous distribution of phospholipids*:'°, we examined 
four other epithelial cell lines—HeLa, MDCK, Vero and 8999c, 
a cell line derived from Morris hepatoma’ ’—for labelling with 
anti-GC antibody. Cytoplasmic fibres principally similar to 





Fig. 2 Immunofluorescence micrographs of JTC-12, HeLa and 

8999c cells stained for GC. Fluorescein-conjugated goat antiserum 

to rabbit immunoglobulin (Hyland) diluted 1:20 was used as 

secondary antibody. a, JTC-12 cells pretreated with non-ionic 

detergent containing 0.5% Triton-X 100 for 8 min at 37°C, and 

then fixed in acetone. b, HeLa cells, positive stained. c, 8999c cells, 
negatively stained. x 1,300. 
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those in JTC-12 cells were seen in HeLa and MDCK cells, but 
not in Vero or 8999c cells (Fig. 2b, c). To obtain chemical 
confirmation of this morphological evidence for the presence of 
GC in the cells examined, glycosphingolipids were isolated from 
the cells and examined by tritiation and autoradiofluorography. 
As shown in Fig. 4, the existence of GC in JTC-12 and HeLa 
cells were clearly demonstrated, but immunocytochemically 
negative 8999c cells were found to contain only glucocere- 
broside in the conditions used. MDCK cells have been reported 
to contain GC as well as glucocerebroside””. 

The present data provide the first evidence for the presence of 
GC in the microtubule-like cytoskeleton, although definite 
confirmation of this will require unequivocal isolation and 
immunoelectron microscopic demonstration of GC bound to 
microtubules. As suitable conditions for immunocytochemical 
detection of cytoplasmic glycosphingolipid in cultured cells are 
now known, it should be possible to examine whether other 
membrane glycolipids are also connected to microtubules or are 
part of them. In this context, it is of interest that galactocere- 
broside'’, galactocerebroside III sulphate (sulphatide)*’** and 
ganglioside” occur in the cytosol of brain as a glycolipid—protein 
complex and that the pattern of the molecular composition of 
cytosolic ganglioside is similar to that of membrane-bound 
ganglioside. If the association of glycosphingolipid with 
microtubules is a general phenomenon, this may pose several 
important problems with regard to the internalization 
mechanism of cells, receptor-mediated endocytosis, the 
mechanism of transmitting a biological message received at the 
plasma membrane to the nucleus, the transport mechanism of 
glycolipids from their site of synthesis to the cell surface and 
other cytoskeleton-related cellular activities. 

We thank Dr I. Yahara, Tokyo Metropolitan Institute of 
Clinical Medicine, for providing rabbit anti-tubulin antibody. 





Fig. 3 Micrographs of JTC-12 cells stained for GC by immuno- 
peroxidase method after various pretreatments. a, Pretreated with 
10 pg ml ' colchicine (Sigma) for 18h at 37°C. b, With cold 
according to the method of Weber ef al.”. c, With Sugml 
cytochalasin B (Aldrich) for 1 h at 37 °C. «1,300. 
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Fig. 4 Autoradiofiuorography of tritiated neutral glycosphin- 
golipids of JTC-12, HeLa and 8999c cells. Lipids were extracted 
from 10’ cells with 5ml each of chloroform/methanol/water 
(30:10:1 by vol.), (10:10:1 by vol.) and (10:20:3 by vol.), 
respectively. The extracts were combined, evaporated to dryness 
and submitted to the Folch-Pi partition procedure” . The lower 
chloroform phase was evaporated, dried completely over P205, 
and peracetylated with pyridine/acetic anhydride (2:1 by vol.) at 
50 °C for 24 h. The peracetylated glycosphingolipids were isolated 
by the method of Saito and Hakomori~’. After deacetylation, 
glycosphingolipids were tritiated with potassium boro-[ H]-hy- 
dride (616 mCi mmol‘; Amersham) in the presence of palladium 
chloride as catalyst™™?®. *H-labelled glycosphingolipids of each 
cell line (10° cells) were applied to a borate-impregnated silica gel 
thin-layer plate (Merck). “H-labelled galactocerebrosides and `H- 
glucocerebrosides were separated by developing the plate with 
chloroform/methanol/water/15M ammonia (280:70:60:1 by 
vol.)”’. After development, *H-labelled glycospingolipids were 
located by autoradiofluorography as described previously. a, 
Glucocerebroside; 5, galactocerebroside; 1 and 5, *H-glucocere- 
broside and *H-galactocerebroside of bovine brain as reference 
standard; 2, JTC-12; 3, HeLa; 4, 8999c. 
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Inhibition of SV40 replication 
in simian cells by l 
specific pBR322 DNA sequences 


Monika Lasky & Michael Botchan 


Department of Molecular Biology and Virus Laboratory, 
University of California, Berkeley, Calfornia 94720, USA 


SV40 DNA replication requires interactions between proteins 
provided by the host cell, the virus-coded A protein and a viral 
sequence of ~80 base pairs (bp), which serves as an origin of 
DNA replication”. The simplicity of this virus has 
provided a useful means of producing“ SV 40 virions that carry 
specific eukaryotic genes which can infect cells in culture and 
replicate to a high copy number. One disadvantage to this 
approach is that the viral DNA sequences necessary for repli- 
cation and the gene of interest must be precisely tailored to 
package efficiently into SV40 vires particles. In an attempt to 
circamvent this Hmitation, we have studied the replication of 
8 V40-pBR322 plasmids after transfection into simian cells with 
the ultimate goal of using the viral replicon as a means of 
amplifying the expression of cloned fragments inserted in these 
vectors. Such a dual-host replicon also offers the possibility of 
rescuing and subsequently cloning genes which are properly 
expressed and stably integrated into the cell genome’. We and 
others (refs 5-8 and Schaffner, personal communication), have 
noted that such plasmids propagated in Escherichia coli repli- 
cate poorly if at all after transfection of simian cells. Further- 
more, recombinant plasmids isolated from the transfected 
simian cells subsequentiy show a reduced ability to retransform 
E. coli*. We now demonstrate that both these phenomena are 
related to the presence of a cis-acting DNA sequence in the 
bacterial vector, pBR322. SV40-pBR322 plasmids lacking this 
sequence replicated as effectively as authentic SV40 DNA in 
simian cells and were re-established as plasmids tn E. coli as 
effectively as plasmid DNAs extracted from E. coll. 

We have studied the replication of recombinant plasmids in 
cultured simian cells after their transfection by the DEAE- 
dextran technique’. At various times after transfection, low 
molecular weight DNA was isolated by the method of Hirt’®, 
fractionated by electrophoresis in agarose gels and further 
analysed by Southern blot hybridization’’. We used the increase 
in supercoiled DNA with time as a measure of DNA replication 
and CU-1 cells and COS7 cells as the recipient simian cells. 
COS7"*, a permissive line of CV-1 cells transformed by origin- 
defective SV40 DNA, synthesizes a viral A gene product 
capable of complementing A gene mutants of SV40". 

As preliminary experiments indicated that a significant frac- 
tion of the input DNA persisted throughout the time course and 
that only a small fraction of this material became part of the 
replicating pool (see Fig. 1 legend), it was necessary to transfect 
small amounts of DNA to observe replication of the input (10 ng 
DNA per 60-mm dish). Figure 1 clearly shows that a variety of 
pBR322-SV40 recombinant DNAs, different in size and orien- 
tation, did not replicate to any significant level in CV-1 cells and 


that their replication rate in COS7 cells was markedly lower than _ 


that of wild-type SV40 DNA. This lower replication rate does 
not seem to be a reflection of their size, for although the plasmid 
pOKS3 is the same size as wild-type SV40 DNA, it is replicated at 
the same reduced rate as pOT, a plasmid 2.5 kilobases (kb) 
larger than SV40 DNA (Fig. 1). Note that both these recom- 


binant plasmids contain an SV40 origin of replication and an 
intact A gene. 

These experiments do not indicate whether SV40 DNA pro- 
pagated in E. coli is capable of normal A gene expression in 
simian cells. Two types of experiment eliminate this considera- 
tion. First, SV40 DNA excised from recombinant plasmids by 
digestion with enzymes which cleave pBR322 many times (such 
as Tacl) yielded intact viral DNA which replicated as wild-type 
SV40 DNA. Moreover, pDAX (Fig. 1) and pJY1 (Fig. 2) were 
cleaved with the restriction enzyme BamHI to liberate intact 
linear SV40 DNA from the pBR322 moiety. Transfection of 
these mixtures into CV-1 and COS7 cells resulted in replication 
equivalent to that of SV40 DNA” (data not shown). Second, 
when pDAX, which contains a partial head-to-tail tandem 
duplication of the viral DNA, was transfected into either CV-1 
cells or COS7 cells, excision of genomic length viral DNA 
evidently occurred in vivo, leading to accumulation of detectable 
form I and I SV40 DNA‘ (Fig. 1). These results in foto suggest 
that the SV40~pBR322 recombinants replicated poorly due to a 
cis-acting element(s) present in the chimaeric molecules. In this 
context, the reduced plaque-forming efficiency of unit length 
SV40 or polyoma-pBR322 recombinants relative to viral DNA 
may be partly due to their inefficient replication as well as to a 
low frequency of genomic-viral DNA excision (refs 14, 15 and 
our unpublished observations): 

Table 1 summarizes the quantitative differences in accumula- 
tion of the various plasmids relative to SV40 DNA, determined 
using microdensitometer scans of autoradiograms as described 
in Table 1 legend. The replication rates of the various recom- 
binant plasmids were 20- to 100-fold lower than those of 
wild-type SV40 DNA .transfected into COS7 cells. The 
differences were larger in CV-1 cells but were not measured. 

We also observed that the recombinant plasmids extracted 
from simian cells transformed E. coll 50- to 100-fold less 
efficiently than the ‘same’ plasmids extracted from E. coli (Table 
1). This was surprising because pJY 1 (see Fig. 2) and pOT DNAs 
extracted from E. coli cells retransformed bacterial cells to 
ampicillin resistance at efficiencies equivalent to pBR322. 
Furthermore, when mixed with Hirt extracts of uninfected 
simian cells, these DNAs showed no loss of ability to be re- 
established as plasmids in E. coli. 

As SV40 replication in simian cells produces defective viral 
DNA, we reasoned that if small quantities of rearranged plas- 
mids undetected by blot hybridization had in fact been created 
by replication in COS7 cells, some of these rearrangements 
might have deleted segments responsible for one or both of the 
phenomena discussed above. We therefore purified plasmid 
DNA from over 100 E. coli cells transformed with pJY1 DNA 


Table 1 Transformation of E. coit HB101 by plasmids extracted from COS7 cells 


Transformants Relative accumulation 
DNA per ug DNA in COS7 cel 
(1) SY40 NA 1.1 
(2) pBR322 3.7x 10% 0 
(3) pBR322 2.2 10° 0 
(4) pJY1 3.9-7 8x 10* 0.01-0.05 
(5) pOT 2 2-3.8x10* 0.02-0.05 
(6) pYM 1.8-2.4 x 10% 1-1.1 


Subcontinent monolayers of COS7 cells were transfected with recombinant 
plasmids and the low molocular weight DNAs extracted 48 h later. To quantitate 


ozyme 
Southern analysis along with standarde of 1, 3 2, 10 and 32 ng of purfied plasmid 
DNAs. The antoradiograms wero scanned using a Joyce-Losbel mico- 
densitometer. The sample DNA concentrations were determmed from the areas 
under the denntometric curves Withm cech experiment the film response was 
Hnsar with respect to the standards, and the expermiental point fell withm the 
calibrabons. We then used oqual quantities to transform EF col: HB101, selecting 
for Amp" colonies. Line 2 shows the transformation efficiency for pBR322 
propagated in E col; line 3 shows a mixing experiment m which ummnfected COS7 
cal] extract was mixed with pBR322; Imes 4-6 show the transformaton activities 
for recombinant plasmids pJY1, pOT and pJYM all extracted from COS7 cells. 
The two numbers given for each line of results show the range of experimental 
valucs obtained from several such experments. NA, not analysed. 


ca Nnnmnmeeeeeeeeee eee aaa a aaa iaaa a a UUO 


28-0835 /8 1 /3460079-—03 $01 00 


©1981 Mactnitan Journals Ltd 


Nature Vol. 293 3 September 1981 





extracted from COS7 cells and examined them for molecules 
with either a selective transforming ability or a higher repli- 
cation rate in simian cells. Restriction analysis revealed that 10 
of these plasmid DNAs had sustained overlapping deletions 
near the pBR322 origin of replication. The detailed structures of 
these deletions will be described elsewhere. Of the 10 deletion 
derivatives isolated, 5 replicated in both COS7 and CV-1 cells as 
intact plasmids at rates equal to that of authentic SV40 DNA. 
Figure 2 compares the replication of one such plasmid, pJ YM, 
with that of the parental plasmid pJY1 and SV40 DNA. This 
result shows directly that certain pBR322 DNA sequences 
interfered with SV40 replication in the eukaryotic cells. 
Detailed restriction mapping and DNA sequence analysis 
revealed that the specific deletion of pBR322 DNA in pJYM 
spans the region between nucleotide positions'® 1,092 and 
2,485 (see Fig. 2). All plasmids with deletions between the 
pBR322 origin of replication and Pvu II site had the replication 
properties of pJ YM, whereas those plasmids such as pOK3 
which retain plasmid DNA beyond the Pvull site intact (see Fig. 
1) replicated poorly. We conclude that the ‘poison’ in the 
plasmid vectors lies between the Poull site and the pBR322 
origin of DNA replication. To our surprise, the pJ YM-like 
vectors, whether extracted from CV-1, COS7 or E. coli cells, 
retransformed E. coli with equal efficiency (see Table 1). These 
results imply that the two restrictions described were caused by 
DNA sequences which either overlap or are very close to each 
other in pBR322. 

Interestingly, these studies showed that bona fide SV40 DNA 
replicates more efficiently in COS7 cells than in CV-1 cells (see 
Fig. 1). This finding may be explained by proposing that A 
protein levels are not saturating in lytically infected CV-1 cells 
and that the additional amount of A protein present in COS7 
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cells results in a greater viral replication. Consistent with this 
notion, Myers and Tjian have described plasmids which contain 
a 311-bp fragment (EcoRII G) spanning the SV40 viral origin of 
replication, and in confirmation of their results we have found 
that pBR322 containing three copies of this fragment will 
replicate after its transfection into COS7 cells (see Fig. 1). 
However, after transfer of the origin fragment to pML-1, a 
plasmid vector deleted in the inhibitory sequences, derived from 
pJYM by removing the BamHI insert of SV40, the replication 
rate of this construction (called pML-RII G) was not equivalent 
to pJ YM in COS7 cells. Furthermore, there was only a fivefold 
difference in accumulation between pML-RII G and pSV-01, a 
similar reombinant maintaining the pBR322 inhibitory 
sequences”. Clearly, these results and those summarized in 
Table 1 differ in that the replicating molecules here do not 
contribute to the total A protein pool within COS7 cells. 

We do not know the molecular basis for the restrictions 
described. The control of replication rates of SV40 DNA has 
generally been thought to occur at the level of initiation; in the 
present situation it seems unlikely that a sequence >3 kb distant 
from the viral origin would interfere with this. We believe 
processes other than initiation may be regulated. Hanahan eż al.* 
have proposed that DNA modifications produced in the simian 
cell (such as DNA methylation) may influence replication elon- 
gation rates. These same modifications may also influence a 
plasmid’s ability to be re-established in E. coli. In support of this 
speculation, the primary DNA sequence of the bulk of the 
pBR322-SV40 recombinants extracted from the simian cells 
has not been altered, although the molecules have reduced 
abilities to be re-established in E. coli. In this regard, we have 
not found general methylation of plasmid Hpall sites, although 
other site-specific modifications cannot be excluded. The poison 


M1M2t——pSVO3——+t- pDAX "4 
COS7 Cvi CcOS7 
123.44 23442 341 234 








Fig. 1 Analysis of DNA replication after transfection of simian cells. 10 ng of either virion or recombinant plasmid DNAs were applied to subconfluent 60-mm 
monolayers of CV-1 or COS7 cells. At 2, 24, 48 and 60 h post-transfection, the cells were subjected to the Hirt extraction protocol as previously described””. 
One-fifth of the total aliquot from each DNA sample was applied and separated by electrophoresis through 0.8% agarose gels. The gels were treated with HCI (0.2 M) 


before transfer to nitrocellulose and the DNAs were detected by hybridization with 


2P nick-translated PJY1 probe (specific activity 1-2 x 10° d.p.m. per pg, 10 ng 


per ml final concentration in hybridization mix), Kodak XR film was applied to the filters for 12 h with a single intensifying screen at —70 °C. The numbers above each 
slot refer to the different time points. The structures of the plasmids are shown below the autoradiogram. pOT, a 7.4-kb recombinant plasmid described previously j 
contains an entire SV40 early region and origin of replication as does pOK3, a 5.2-kb plasmid. pOK3 contains continuous SV40 DNA encompassed between the viral 
BamHI site to its Kpnl site; this fragment is linked to pBR322 through the plasmids’ EcoRI and Prull sites. PSV03 is a derivative of PSVO1 and contains three 
tandem copies of the SV40 EcoRI G fragment. pDAX, a 10.2-kb plasmid, contains the entire SV40 DNA plus a tandem duplication of the viral sequences spanning 
the BamHI site to the EcoRI as indicated. The slot labelled M1 contains 10 ng of SV40, M2 contains 10 ng of SV40 DNA linearized by cleavage with BamHI. It is 
clear that by 2 h after application to the cells the bulk of the 10 ng applied to the cells has been lost. The DNA becomes further degraded, but by 48 h post-transfection 


the net amount of virus-specific DNAs extracted from the cultures exceeds the in 
‘persisting’ DNA obscures these dynamics. Most of the persisting DNA does noten 


put by S-10-fold (see also Fig. 2}. If microgramme quantities of DNAs are used, 
ter the replicating pool as measured by other replication assays”. If we assume that 


1% of the cells actually take up the DNA in a biologically significant manner, the copy numbers for SV40 DNA per cell are ~2 x 10° per cell for COS? cells and 
400,000 copies per cell for CV-1 cells. 
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Fig. 2 Comparisons of replication of recombinant plasmids pJY1, pJYM and 
pOT to SV40 DNA. Experimental details are described in Fig. 1 legend. After 
transfection, low molecular weight DNAs were extracted at 2, 12, 24, 36 and 48 h; 
the numbers above each slot refer to these time points. The | 0-ng marker of SV40 
(forms I and II) DNA was applied to the slot marked M1. Microdensitometer 
traces of a shorter exposure of the autoradiograms from the 2-h and 48-h time 
points are shown. pJY 1 is a recombinant plasmid consisting of a full-length BamHI 
$V40 linear sequence inserted into the pBR322 unique BamHI site. pJ YM was 
derived from pJY 1 as described in the text; the dotted lines in the drawing of the 
pJYM structure indicate the boundaries of deleted pBR322 sequences. 


sequence has been defined to within a 430-bp segment which 
overlaps the nic/bom site in pBR322"’, a cis-acting sequence 
involved in mobilization of ColE1-type plasmids. Proteins 
encoded by the mob genes prepare ColE1 DNA for con jugal 
transfer presumably by acting at the nic/bom site and thus 
initiating the transfer process. We think that nic/bom site 
modifications of SV40-pBR322 plasmids may occur in the 
simian cell which influence the establishment of these DNAs in 
bacterial cells. 
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for the plasmid PJY-1. Mr Doug Hanahan constructed the 
pOK3 plasmid in an attempt to define the inhibitory pBR322 
DNA sequences. R. Myers and R. Tjian provided us with pSV03, 
T. Mitchison, while a URP at Cold Spring Harbor, made plasmid 
pDAX, and M.L. was supported by a grant from Deutsche 
Forschungsgemeinschaft. This work was funded by grant MV 91 
from the American Cancer Society. We also thank Mr Bernard 
Danovitch for technical assistance and Mr Warren Gish for help 
in the preparation of the manuscript. 
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type 12 and cell 
DNAs in hamster tumour line CLAC3 
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The patterns of integration of persisting viral DNA have been 
examined in 30 to 40 different adenovirus type 2 (Ad2)- and 
type 12 (Ad12)-transformed hamster cell lines, Ad12-induced 
hamster and rat tumours and tumour cell lines'*. These patterns 
have proved to be quite complex, and so far no evidence has 
been found for specific sites of virus integration. However, the 
methods of analysis used so far, are not sufficiently sensitive to 
decide definitively the issue of specificity. Moreover, specific 
signals directing the interactions between viral and cellular 
DNA may reside in DNA sequences distant from the site of 
junction between the two genomes and may be hidden in 
hitherto undetected structural peculiarities of DNA sequences. 
From the DNA of an Ad12-induced hamster tumour line 
(CLAC3) carrying five copies of the Ad12 genome’, the site of 
junction between the left terminus of Ad12 DNA and cellular 
DNA has now been recloned in a A gtWES-A B’ vector. Deter- 
mination of the nucleotide sequence at this site of junction 
reveals that the Ad12 DNA sequence is preserved starting with 
base pair (bp) 46 of the authentic left end of Ad12 DNA. The 
first 82 bp of the recloned fragment are not viral and contain 
scattered, patch-like octa- to undecanucleotide pair homologies 
to distant sequences within the first 2,722 left terminal base pairs 
of Ad12 DNA. Close to and encompassing the site of junction a 
stemmed loop can be constructed based on extensive regions of 
dyad symmetry. The stability of this loop and its biological 
function are still uncertain. 

The total DNA of cell line CLAC3 was cleaved with the 
restriction endonuclease EcoRI; fragments larger than 4.0 
kilobases (kb) (EcoRI fragment D; Fig. 1a) were selected by 
velocity sedimentation on sucrose density gradients®, and the 
selected fragments ligated to the ‘arms’ of bacteriophage 
AgtWES-AB’ (ref. 7) which was used as vector. Previously 
described methods of in vitro packaging of recombinant DNA 
were used””. Phage containing DNA sequences derived from 
the termini of Ad12 DNA were selected by using the terminal 
EcoRI fragments A and C as probes (Fig. la). Recombinant 
phage were purified by repeated cycles of single plaque iso- 
lations and propagated to yield large amounts of recombinant 
DNA which was characterized further (Fig. 1). 

Three plaques of recombinant A phage (clones 35, 38 and 41) 
containing DNA sequences homologous to the left terminus of 
Ad12 DNA were isolated, and the DNAs purified from these 
phage preparations were analysed by restriction endonuclease 
cleavage, Southern blotting’? and DNA-DNA hybridization". 
Figure 1 summarizes the results of this analysis for the DNA of 
clone 35. The recombinant A DNA isolated contains two inserts 
of 5.4 and 3.0 kb (Fig. 1b-e). The results demonstrate that the 
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EcoRIC fragment of Ad12 DNA + - 


B3 hamster DNA - + 


Fig.1 Analysis of the DNA of clone 35, arecombinant bacteriophage A DNA preparation containing the left end of Ad12 DNA integrated into the DNA of hamster 
tumour cell line CLAC3. a, Schematic representation of the Ad12-specific DNA fragments in CLAC3 DNA after cleavage with EcoRI, Southern blotting’? and 
DNA-DNA hybridization’. Individual bands were identified by using purified or cloned Ad12 DNA fragments'” as hybridization probes, as described previously’. 
Authentic Ad12 DNA cleaved with the same enzyme was co-electrophoresed in the same agarose slab gel. The C band designated 3 is off size, that is, of slightly higher 
molecular weight than the authentic C band of Ad12 DNA. Thus, sequences other than true Ad12 DNA sequences must be attached to it. Band 3 has been cloned in 
three isolates of recombinant phage (clones 35, 38 and 41), The segment cloned and partly sequenced as described in the present report is designated by an arrow. b, 
The DNA of bacteriophage AgtWES-AB” was cleaved with EcoRI, and the terminal fragments (arms) of this DNA were purified by velocity sedimentation on sucrose 
density gradients®. The positions of the A arms in the gradient fractions were identified by electrophoresing small portions of each fraction in an agarose slab gel. 
Similarly, the DNA from hamster tumour line CLAC3 was cleaved with EcoRI and the fragments were separated by velocity sedimentation on sucrose density 
gradients, Fragments larger than the EcoRI fragment D of Ad1 2 DNA (see Fig. 1a) were identified by electrophoresing portions of each fraction on agarose slab gels 
using EcoRI-cut Ad12 DNA as a size marker and were then pooled. Vector DNA and the selected CLAC3 DNA fragments were ethanol precipitated and 
resuspended in 50 mM Tris-HCl, pH 7.8, and 0.1 mM EDTA. Ina typical ligation experiment, 10-25 pg of DNA were ligated in a total volume of 120 pl of 50 mM 
Tris-HCI pH 7.8, 10 mM MgCl,, 10 mM dithiothreitol, 0.2 mM ATP, 0.1 mM EDTA containing 0.5-1 unit of ligase from T4-infected Escherichia coli (Biolabs) and 
6 ug of bovine serum albumin. In general, twice as much vector DNA was used as DNA to be inserted. The DNA mixture was heated to 50 °C for 10 min before the 
addition of ligase, ATP and dithiothreitol. The ligation reaction was allowed to proceed for 24 h at 4 °C. Ligase (0.5-1 unit) and 2 wl of 0.16 mM ATP were again 
added, incubation was continued for 24 h at 4 °C, and the reaction was then monitored by electrophoresing a small portion of the reaction mixture in an agarose slab 
gel. The ligated DNA was subsequently packaged in vitro intoA phage heads by the method of Hohn and Murray’ using strain BHB2600 (recA *) as plating bacteria. 
DNA from individual plaques was transferred to nitrocellulose filters?’, and plaques containing viral DNA sequences homologous to the left or right terminus of 
Ad12 DNA (see Fig. 1a) were identified by DNA-DNA hybridization’ using the 2P.jabelled?' EcoRI fragments A and C as a mixed hybridization probe’. Positive 
plaques were replaqued three or four times, and sufficient DNA was prepared from the purified phage to carry out restriction analysis of the recombinant DNA. DNA 
from isolate 35 or Ad12 marker DNA was cleaved with EcoRI, and the fragments were separated by electrophoresis on 0.4% agarose gels. A UV-photograph of the 
ethidium bromide-stained gel is shown. c, The DNA from a ge! similar to that shown in b was transferred to a nitrocellulose filter'’ and hybridized to the purified 
‘2p.labelled EcoRI fragment C. d, Experimental conditions were as described in c, except that )2p_jabelled hamster cell DNA (from line B3, a subline of BHK21) was 
used as hybridization probe. e, The scheme depicts the arrangement and derivation of DNA fragments from line CLAC3 that were cloned in AgtWES-AB’ DNA. 
Hybridization of the 5.4- and 3.0-kb fragments to the EcoRI C fragment of Ad12 DNA and to B3 hamster cell DNA, respectively, is also indicated. 


5.4-kb fragment is predominantly viral (Fig. lc,d) and cor- 
responds in size exactly to that of off size band 3 (that is, of 
higher molecular weight than authentic band C) in the DNA 
from line CLAC3 (Fig. la, b). The 3.0-kb fragment hybridizes 
to hamster cell DNA and not, or only weakly, to the EcoRI C 
fragment of Ad12 DNA (Fig. 1c, d). It is striking that all three 
recombinant clones isolated contain fragments of identical size. 
Perhaps, in the cell, the 3.0-kb fragment is adjacent to the 
5.4-kb fragment. In many cloning experiments using the 
A gtWES-A B' vector, we have observed that inserts of ~8 kb 
apparently constitute a preferred size for this particular vector. 

The 5.4-kb fragment from clone 35 was further analysed by 
excision from the vector with EcoRI and subsequent cleavage of 
DNA with Mspl. The fragments generated were compared with 
those in the authentic EcoRI fragment C of Ad12 DNA (Fig. 2) 
which was also cleaved with MspI. It is apparent that all Ad12- 
specific fragments of 2.46kb, ~1.5kb, 0.55kb, 0.50 kb, 


0.225 kb, 0.143 kb and 0.08 kb (ref. 12 and Fig. 2) in the 
authentic EcoRI fragment C are also present in the 5.4-kb 
fragment; however, the terminal 0.143-kb fragment is displaced 
to the position of about 0.18 kb (Fig. 2). We conclude that the 
left terminal EcoRI C fragment in the inserted Ad12 DNA isstill 
largely colinear with the virion DNA fragment, and that DNA 
sequences have been attached at the terminus (scheme in Fig. 2). 

The 5.4-kb fragment excised from clone 35 was terminally 
labelled and recleaved with the MspI restriction endonuclease, 
and the nucleotide sequence of the fragment comprising the site 
of junction (see Fig. 2) was then determined (see Fig. 3 legend 
for details of the experimental approach). The sequence for both 
strands was determined by the Maxam-Gilbert method’*** up 
to position 87 of authentic Ad12 DNA which corresponds to 
position 124 of the cloned DNA. The sequence to position 143 
of Ad12 DNA, that is, position 180 in clone 35, was determined 
for only one strand as indicated in the scheme of Fig. 3a. The 
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Table 1 Apparent patch homologies between sequences in the first 82 nucleotide pairs of clone 35 (5.4-kb fragment) and the left terminal 2.730 nucleotide pairs of Ad12 
DNA 


eee = 


First nucleotide 


in string Strand 
(clone 35) (left terminus) Direction 

Octanucleotides 

20 $: 5 3 o 

28 5'+3' + 

43 $: PSA 3 Eka 

60 S3 o> 

70 Fes - 

40 eS’ - 

22 3'<5' - 
Nonanucleotides 

66 5'+3' = 

38 +S! - 
Undecanucleotide 

18 ve -J . 


First nucleotide 


in string (Ad12) Frequency of 


String (on S’-+ 3’ strand) occurrence” 
CTTGCAGT 1.587 4 times 
GGGGAAAC 353 8 times 
CTAGACCT 1,732 2 times 
TGCTTTTI 1,818 21 times 
TTGAAAAA 2,722 13 times 
GTCCTGTT 1,144 20 times 
AAGCATTT 1,292 3 times 
TTCAAGAGG 1,309 5 times 
CCTGTTTCC 1,146 5 times 
ATTTTAGCTGC 709 x 


The nucleotide homologies were determined by searching the sequences with a Zilog computer. The polarities of the strands relative to the left terminus of the sequence 
presented in Fig. 3 and the direction of reading of each string of nucleotides on the corresponding strand are presented. The corresponding homologies in the Ad12 DNA 


sequence are all located on the 5’ + 3' strand and read from left to right. 


*The numbers in this column indicate the frequency of occurrence of each string among 440,000 randomly selected nucleotide pairs in pro- and eukaryotic DNA 


sequences. 
sequence is flanked by an EcoRI site on the left (nucleotide pairs 
1-5, one G is missing = position 0) and by an MspI site on the 
right (nucleotide pair 180). Nucleotide pair 83 corresponds to 
nucleotide 46 in authentic Ad12 DNA’*. From there on, the 
sequence is identical to that of Ad12 DNA at least up to 
nucleotide pair 143 and also beyond (Fig. 2). Thus, the 
integrated Ad12 DNA at the left terminus is colinear with virion 








~ 
Ad12 virion DNA SÀ 
left terminus —— 2 7 i 246 kb 055 ~i5 kb 
ae. 0503 Msp IT sites 
A 
Clone DNA EcoRI sites 
154 kbiragment) / ~15 kb 
(0180/0503 E MspIsites a 
junction 


Fig. 2 Restriction enzyme analysis of the 5.4-kb fragment from clone 35. 
The DNA from clone 35 or from Ad12 virions was cleaved successively with 
EcoRI and MspI, and the fragments were separated by electrophoresis on a 
mixed 0.7% agarose, 5.0% polyacrylamide slab gel?” and transferred to 
nitrocellulose filters’. The EcoRI fragment C of Ad12 DNA was cloned in 
the plasmid pBR322 (a gift of A. van der Eb) and was ??P-labelled by nick 
translation*' before being used as hybridization probe. The sizes in kilobases 
of the authentic MspI fragments at the left end of Ad12 DNA are derived 
partly from sequence data'* and partly from the Mspl map published 
previously'*. The schematic drawing depicts the EcoRI (|) and MspI (Q) sites 
in authentic Ad12 DNA and the 5.4-kb fragment from clone 35. In part the 
wavy line indicates adjacent, perhaps nonviral sequences. The terminal 
fragment of clone 35 (bracketed and designated junction) has been 
sequenced (see Fig. 3). The length of the off size MspI fragment in clone 35 
has been estimated to be 175-180 bp. 


DNA starting at nucleotide pair 46. The first 82 nucleotide pairs 
from the left end of the 5.4-kb fragment of clone 35 are, 
however, quite different from the authentic left terminus of 
Ad12 DNA. Peculiar, patch-like regions occur in the sequence 
within the first 82 nucleotide pairs of the clone that are homolo- 
gous to sequences within the left terminal 2,722 nucleotide pairs 
of authentic Ad12 DNA. Table 1 lists homologous octa-, nona- 
and undecanucleotide sequences; some of these are inverted 
(3'< 5’ strand in the clone), others are colinear with Ad12 DNA. 
Table 1 also indicates the frequencies of occurrence of the octa- 
and nonanucleotide sequences in randomly selected sequences 
of prokaryotic and eukaryotic origins comprising a total of 
440,000 bp. We did not find the undecanucleotide sequence, 
which contains an Alul site (5'-AGCT-3’), among these 
sequences. The biological significance of these patch homologies 
and the extent to which they may direct the insertion event are 
unknown. 

Previous work has shown extensive nucleotide sequence 
homologies at the left termini between nucleotides 1 and ~51 of 
the DNAs of adenovirus types 5, 7 and 12 (refs 16, 17). This 
relatively A + T-rich region is also thought to contain one origin 
of adenovirus DNA replication'®. It is exactly that part of the 
Ad12 genome that has been replaced in the integrated state bya 
cellular DNA sequence exhibiting an array of homologies to 
distant segments of the Ad12 genome. Thus, the authentic vira! 
origin of DNA replication has been replaced. Perhaps this is why 
the integrated Ad12 genomes cannot replicate under their own 
control. Computer analysis revealed regions of dyad symmetry 
with only a few mismatched bases between nucleotide pairs 35 
and 54 and nucleotide pairs 71 and 90 (Fig. 3a). These regions of 
symmetry straddling the site of the junction permit the con- 
struction of a stemmed loop, the stem comprising 15 matched 
and 4 unmatched nucleotide pairs, and the loop containing 16 
nucleotides (Fig. 3b). The free energy of this structure amounts 
to AG = -13.1 kcal as determined by the method of Tinoco et 
al.'*. Moreover, sequences of nucleotides between positions 75 
and 101 and from 108 to 135 exhibit 70% homology (Fig. 3b). 
The possible structural arrangements at many more sites of 
junction between Ad12 DNA and cellular DNA must be 
determined before any conclusions can be drawn about the 
functional significance of the loop structure or the observed 
patch homologies. 

Recently, sites of junction have been recloned successfully in 
our laboratory from three additional tumour or transformed cell 
lines—lines CLAC1 (ref. 1), H313 (ref. 5) and the Ad2-trans- 
formed cell line HES (ref. 4) (S. Stabel. R. Neumann, R. 
Gahlmann, L. Vardimon and W. Doerfler. unpublished results). 
We consider it unlikely that patch-type homologies to Ad12 
sequences indicate a ‘scrambling’ of viral sequences which could 
have occurred during cloning because (1) the same sizes of insert 
were found in three isolates of A phage clones; (2) the Ad12- 
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Fig. 3 Nucleotide sequence 
analysis. The 5.4-kb fragment 
from clone 35 was excised 
from the vector with EcoRI. 
The 5.4-kb fragment was saae IRs 

. : EcoRI site 
purified by electrophoresis on 
a 0.5% agarose gel and was 
terminally labelled using [y- 


kinase? as described pre- 


Junction 
Try 


i y : ' t 4 t 2 è $ t t 4 
Ste AATTOPAGCAGCTAAAATGCTTGCAGTGGGGAAACTCE OGACACCTAC TACLTOCTCAAGTTIGCTIPT TIC AAGAGOGATCTGGGATG RAGTOGGCGTAGTGCT 
32p] ATP and p olynu cleotide 3 TPRACATCCTCGATTTTACGAACCTEACCCOTTPGTCOPGTGL “APOTOCACCAGTTCAAACCAARAACTTCTCOCTAGACCOPAL 


LCOTTCACCOCGCATCACA 


| tt RR 
viously'*. Subsequently, the i 7 i = = 


DNA was cleaved with Mspl 
and the fragments were 
separated by electrophoresis 
on a 6% polyacrylamide gel. Clone 35 BNA 

The Mspl map of the left 

terminus of Ad12 DNA" and A aa T iS 
the analysis presented in Fig. | 
2 indicated which of the two 
3*P.labelled MspI fragments 
corresponded to the left 


t $ 1 t t $ + t 
terminus of Adi? DNA 51e GTAATTTGATTGGGTOGAGGTGTG OOP EP OCCOTCCTTCTAAGTT PCGGCGGAT GAGGAAGT GGOGCSCGGCETGGGAGE ~ 3° 
~A 
ik 


linked to the adjacent DNA  3'- CATTAAACTAACCCACCTCCACAC = 5! 
sequence at the site of 

junction. The 5’ terminus of cnt ; 

this fragment was sequenced 

by the method of Maxam and 

Gilbert'*'*. The only minor 


technical modification intro- ea hoc TIT 
duced concerned the time h D T 
periods allowed for the T F 
chemical reactions with pyri- G- 70,¢ 

AA OAR 


dine formate (A + G, 10 min, 


42°C), with — dimethyl! B 
sulphate (G, 1-2 min, 25 °C), O-G 
with hydrazine alone (C+T, ag pers 
20-40 min, 37°C) and with aTa 
hydrazine in the presence of AAT 
15M NaCl (C, 20-40 min, : 


37°C). The nucleotide 
sequence of part of the 
opposite strand of the 
terminal fragment was carried 
cut as follows. After excision 
of the 5.4-kb fragment from S 


clone 35 DNA, the DNA was EcoRI site G 


labelled at its 3‘ terminus by 
incubating lpg of DNA in 
34 pl of 135 mM potassium 
phosphate pH6.5, 67mM 
Tris-HCI pH7.4, 7mM 
MgCl, 10mM 2-mercapto- i = ae 89 
ethanol containing 4 units of 

the Klenow fragment of DNA 


nner ntti Cellular BNA Pn 


Adiz DNA 


| 


j 
Sispl site 


TiS s9 Site of Junction 
CAG 


AAT 


$ $ ł t © G ł t 
Gt ~AATTCTAGCAGCTAAAATGCTTGCAGT GGGGAAA |AGCGTAGTGTGTARTTTGATTGGGTGGAGGTGTGGCTPTGCCGTGCTTGTAAGTTTGGS:’ -~3' 


polymerase I and 100 pCi each of fa-3?P]-labelled dATP, dGTP and dTTP (Amersham) for 60 min at 14 °C. Subsequently, 5 pl of an 0.1 mM solution of each of the 
four unlabelled deoxyribonucleoside triphosphates was added and incubation was continued for 60 min at 14 °C. After ethanol precipitation, the DNA was cleaved 
with MspI and the fragment containing the junction site was isolated and subjected to nucleotide sequence analysis. a, Nucleotide sequence at the site of junction of 
the left end of Ad12 DNA in hamster tumour line CLAC3. Position 83 of the sequence presented corresponds to nucleotide 46 (5'~ 3° strand) from the left end of 
Adi2 DNA as sequenced by Sugisaki et al.. The nucleotide sequence was determined in both strands of the sequence presented up to nucleotide 124. Nucleotides 
125-180 in the clone were determined in the 5‘ 3’ direction only. The left end of the sequence carries an EcoRI site (|), the right end an Msp! (4) site (at position 180 
in the clone), as expected. The scale on the bottom of the sequence refers to nucleotide numbers in the clone. Starting at the site of junction ( t), the scale on top of the 
sequence marks the authentic Ad12 DNA beginning with nucleotide pair 46 (position 83 in clone 35). The string of the first 82 nucleotide pairs in the sequence has 
been designated ‘cellular DNA?’, because the 5.4-kb fragment of clone 35 does not seem to hybridize to hamster cell DNA (see Fig. 1). b, Stemmed loop structure at 
site of junction. Computer analysis revealed the structure presented encompassing the site of junction. Nucleotide numbers are indicated for comparison with the 
lower scale given in a. Only half of the cruciform structure is drawn. The underlined sequences of nucleotides (75-101 and 108-135) are 70% homologous. 


specific insert still carries the EcoRI sites and exhibits exactly the 
same length as in CLAC3 tumour cell DNA; (3) we have 
frequently recloned the internal EcoRI fragment B of Ad12 
DNA (Fig. 1a) from the DNA of several lines of transformed 
and tumour cells in the AgtWES-AB’ vector. The cleavage 
patterns of the EcoRI B fragment from transformed and tumour 
cells and from Ad12 DNA—recloned in both cases in the same 
vector—with EcoRI, BamHI, MspI and Hpall were identical. 
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Thermoproteales—a third order 
of thermoacidophilic archaebacteria 
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The prokaryotic domain has been divided into the urkingdoms 
of the eubacteria and the archaebacteria on the basis of 
comparison of their 16SrRNA sequences’. Differences in 
their cell walls*, membrane lipids* and mechanisms of tran- 
scription® and translation™™’ provide further evidence for this 
division. The demarcation of two branches of archaebacteria, 
the methanogens, including the extreme halophiles'’-™, in one 
branch, and the thermoacidophiles, represented by the two 
orders Sulfolobus ** and Thermoplasma “*, on the other, is based 
on physiology and on a comparison of component patterns of 
DNA-dependent RNA polymerases’*”’ rather than rRNA 
sequences. We show here that Thermoproteus tenax, a novel 
anaerobic, sulphur-respiring, multiform thermoacidophilic 
archaebacterium isolated from solfataric springs of Iceland’, 
represents a third order of the thermoacidophilic branch of 
archaebacteria and suggests a specific relationship between 
thermoacidophilic archaebacteria and primitive eukaryotes 
such as yeast. 

The RNA polymerase of Thermoproteus tenax, like that of 
Methanobacterium '’, is highly oxygen sensitive and was there- 
fore purified under strict exclusion of air using an anaerobic 
hood” and the same purification procedure as used for other 
archaebacterial RNA polymerases®'®*° (see Fig. 1 legend). 

DNA cellulose chromatography** yielded three peaks of 
which the last and largest, eluted in a salt gradient at 0.5 M 
NH, Cl in buffer A, represents the RNA polymerase (Fig. la). 
Residual impurities were removed by sucrose glycerol gradient 
centrifugation (Fig. 1b). With the DNA of Halobacterium phage 
PH (ref. 16) the optimal Mg** concentration was found to be 
between 10 and 30mM at 100 mM KCI. The optimal KCl 
concentration is 100mM at 30 mM Mg”*. The optimal tem- 
perature for ®H DNA transcription is 86°C, that for the 
transcription of poly(dAT.dAT) is 81 °C. However, the enzyme 
itself is completely stable at even 95 °C, and at 100 °C still has a 
half life of 135 min. At 85 °C the specific activity with MH DNA 
and T, DNA is about 100 mU per mg, that is, of the order of that 
of Escherichia coli RNA polymerase at 37 °C. 

As shown in Table 1, the enzyme is insensitive to 100 ug ml”! 
rifampicin or streptolydigin but is completely inhibited by 
= a Se ie cele ee, S O aii 








Table 1 Transcription properties of DNA-dependent RNA 
polymerase from Thermoproteus 
a 


'*C-AMP 
incorporated 
(pmol per pg 
Template Inhibitor enzyme per min) 
sag — 2.4 
H DNA — 82.5 
®H DNA Rifampicin 76.6 
®H DNA Streptolydigin 68.2 
H DNA Heparin 2.3 
H DNA No incubation 0.8 
Poly[d(AT) . d(AT)] — 150.0 
Single-stranded 
calf thymus DNA — 21.0 
Thermoproteus DNA — 50.9 
E. coli DNA — 71.8 
T, DNA — 23.3 
T; DNA — 58.1 
T- DNA — 95.2 
à DNA — 66.1 
P, DNA o 61.6 


eee 

Test conditions: total volume 100 yl, substrate concentration 1 mM 
each, 30mM MgCl, 100mM KCI, template 10 g each, inhibitor 
100 ug each, enzyme 3 yg each. Incubation for 10 min at 82 °C. 
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Fig. 1 Purification of DNA-dependent RNA polymerase from Thermo- 
proteus tenax. A crude extract was prepared by opening the cells with a 
French press. The RNA polymerase, together with nucleic acids and many 
proteins, was precipitated by polyethylenimine (Polyimin P)*' and eluted 
from the precipitate at elevated ionic strength [0.8 M NH,Cl in buffer A 
(0.05 M Tris-HCl, 0.01 M EDTA, 0.01 M 8-mercaptoethanol, 40% gly- 
cerol)]. The enzyme activity was then concentrated by ammonium sulphate 
precipitation (with 2.5 volumes of saturated (NH,),SO, solution in water). 
The precipitate was redissolved and dialysed against buffer A containing 
only 0.022 M NH,Cl. In heparin cellulose chromatography’, the activity 
was associated with a shoulder following the main absorbance peak, eluted in 
a salt gradient at 0.75 M NH,C! in buffer A, a, Fractions from DNA cellu- 
lose chromatography. Upper part, SDS-polyacrylamide electrophoresis 
gradient gel (10-25% acrylamide, otherwise according to ref. 33. Right 
lane: RNA polymerase from Thermoplasma. Each lane represents 200 jal 
of a 9-ml fraction. Lower part: Azs (closed circles) and '*C-AMP incor- 
porated in enzyme test on ®H DNA at 82°C in optimal conditions for 
25 min as described in the text, with 20 ul each of the fractions (open circles). 
b, Fractions from sucrose glycerol gradient centrifugation. About 1.5 mg of 
concentrated enzyme from DNA cellulose chromatography, adjusted to 
0.5 M NH,Cl in buffer A containing 10% glycerol, was layered on top of a 
gradient ranging from 30 to 10% sucrose and from 10 to 5% glycerol in the 
same buffer and subjected to centrifugation for 34 h at 41,000 r.p.m. in rotor 
SW 41 of the Beckman Spinco ultracentrifuge. Upper part, electrophero- 
gram as in a, with 10 ul each of the fractions. Second lane from right, 
Sulfolobus RNA polymerase; first lane from right, Thermoplasma RNA 
polymerase. Lower part: activity, tested as in a, but with 10 ul each of the 
fractions. 


100 ug ml’ heparin. The time course of transcription has two 
linear phases, one between 0 and 10 min, and a slower one 
between 10 and 60 min, the activity depending strongly on the 
nature of the template (see Table 1). 

Both the component pattern and the insensitivity to rifam- 
picin and streptolydigin are characteristic of archaebacterial 





Table 2 Molecular weights (x 10~*) of components of DNA-depen- 
dent RNA polymerases from thermoacidophilic archaebacteria 





Sulfolobus Thermoplasma Thermoproteus 
Designation acidocaldarius acidophilum tenax 
A 122 135 134 
B 101 108 104 
E 44 56 44 
D, 33 36 34 
D+» 32 34 33 
E 26 23 23 
F 17.5 13.5 16.3 
G 13.8 11.7 13.3 
H 11.8 11.4 12.2 
I 11.1 10.5 11.3 
J 10.8 — 10.7 





Based on staining intensities (for example, with Procion brilliant 
blue?®), components are present once per monomer with the exception 


of J, which in Sulfolobus and Thermoproteus seems to be present in four 
copies each. 
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Table 3 Total amounts, Tms and ATys of 23S, 16S and 5S rRNA from Thermoplasma hybridized to archaebacteria DNAs 


na AEA e 





rRNA 
ng per 100 pg DNA Tuy PC Tu 
DNA from 238 16S 5S 238 16S 5S 23S 16S 5S 
Thermoplasma 11.142 11.374 1.867 82.0 82.8 76.6 0 0 0 
Sulfolobus 0.510 1.313 0.045 67.8 67.4 — 14.2 15.8 ~= 
Thermoproteus 0.305 0.593 0.034 69,5 68.7 — 12:5 14.1 — 
E. coli 0.014 0.031 0.018 — — m — — — 


SSON aaa CC NC LN A CII 


32p_labelled 238, 16S and 5S rRNAs from Thermoplasma acidophilum were hybridized in 5 x SSC and 25% formamide at 60 °C in excess over 
denatured DNAs from Thermoplasma, Sulfolobus, Thermoproteus and E. coli bound to nitrocellulose filters (~10 ug each per filter). 


RNA polymerases®. This is in line with the presence of phytanol 
and Cy» polyisoprenoid dialcohols in the lipids, the absence of 
murein in the wall of the organism and the failure of the 
antibiotics streptomycin, vancomycin and chloramphenicol to 
inhibit the growth of Thermoproteus’’. 

The striking homology of component patterns of the RNA 
polymerases of Sulfolobus, Thermoplasma and Thermoproteus 
(see Fig. 1, Table 2) is recognizable not only from the spacing but 
also from the staining properties of the components. The 
characteristic difference of these patterns from those of the 
RNA polymerases of Halobacteria and Methanobacteria, 
representing another type®, is a strong indication that Ther- 
moproteus, like Sulfolobus and Thermoplasma, belongs to the 
thermoacidophilic rather than the methanogenic branch of 
archaebacteria. This division is not immediately evident from 
the comparison of sequences of 16S rRNAs; for this criterion, 
Sulfolobus and Thermoplasma seem to be at least as distant from 
each other as from the methanogens. 

The relationship of the three thermoacidophiles to one 
another is not close, as indicated by the lack of immunochemical 
cross-reaction of any one polymerase with antibodies against 
RNA polymerases of the other two in immunodiffusion 
experiments** (not shown). Similarly, no significant cross-reac- 
tion of RNA polymerases from Gram-negative or Gram-posi- 
tive eubacteria has been observed by the same technique (K. O. 
Stetter, personal communication). 

In addition to comparison of the partial sequences of 
16S rRNAs, the relationships between different organisms have 
also been measured by heterologous hybridization**’°. **P- 
labelled 23S, 16S and 5S ribosomal RNAs from Thermoplasma 
were hybridized to denatured DNAs from Thermopilasma, 
Sulfolobus, Thermoproteus and E. coli bound to nitrocellulose 
filters (see Table 3). The cross-hybridization of the large ribo- 
somal RNAs with the DNAs from Sulfolobus and Ther- 
moproteus was quite significant, although it was only 5-10% of 
the yield of the homologous hybridization. With both 23S and 
16S rRNA the value for Sulfolobus DNA was somewhat higher 
than that for Thermoproteus DNA. No significant heterologous 
hybridization was observed between Thermoplasma 5S RNA 
and Sulfolobus or Thermoproteus DNA, or between all three 
rRNAs from Thermoplasma and E. coli DNA. Although the 
relative amounts of hybridized Thermoplasma rRNA suggest a 
slightly higher degree of homology of Thermoplasma to 
Sulfolobus than to Thermoproteus, the AT,, value in contrast 
shows a slightly higher residual homology of Thermoplasma to 
Thermoproteus than to Sulfolobus. As the association coefficient 
(San) between Thermoplasma and Sulfolobus is about 0.17 (ref. 
2), that of Thermoplasma and Thermoproteus can be expected to 
be of a similar size. 

The homology of component patterns of the three thermo- 
acidophiles to one another and the difference of these from 
those of members of the methanogens and halophiles, which 
also seem to be related to each other®, support the notion of two 
main branches of archaebacteria, which has so far been based 
only on physiological and ecological evidence. The striking 
similarity of the component pattern of yeast RNA polymerases, 
especially polymerase A, to those of the thermoacidophiles 
suggests that the archaebacteria, and particularly the ther- 


moacidophiles, are more closely related to the eukaryotic cyto- 
plasm than are the eubacteria. Archaebacteria also possess 
other ‘eukaryotic features’; these include the surprising 
sequence homology between initiator tRNAs of Sulfolobus and 
yeast (S. Nishimura, personal communication), the absence of 
formylation of methionyl initiator tRNA in archaebacteria’, the 
ADP ribosylation of elongation factors (EF2s) from archaebac- 
teria by Diphtheria toxin’, the inhibition of both archaebacteria 
and eukaryotes but not eubacteria by anisomycin’’ and the 
sequence homology between ribosomal A proteins of 
eukaryotes and archaebacteria’. However, archaebacteria do 
possess some eubacterial features, for example, the occurrence 
of restriction enzymes in Thermoplasma and Sulfolobus (ref. 28 
and P. McWilliams, personal communication) and the existence 
of an RNA recognition sequence in 16S rRNAs of archaebac- 
teria”. 

The pattern of lipid components indicates some relationship 
between Thermoproteus and Thermoplasma™. The RNA 
polymerase component patterns, the lack of immunochemical 
cross-reaction between the RNA polymerases of all three 
thermoacidophiles and the similar distance of Sulfolobus and 
Thermoproteus from Thermoplasma support the conclusion that 
Thermoproteus represents a third order in the thermoacidophilic 
branch of archaebacteria. 
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IN APRIL 1980 the New York Academy of 
Sciences, in its highly commendable role of 
providing an open forum for the discussion 
of scientific questions, held a conference 
on the nuclear accident at Three Mile 
Island and the lessons to be learned from it. 
The results have been brought together in 
this book, Vol.365 of the Annals of the 
New York Academy of Sciences, which 
reports the conference. 

The meeting was opened by a keynote 
address from Alvin Weinberg. To him, the 
main lesson of TMI was that ‘‘the central 
problem of nuclear energy is not waste 
disposal or even the connection between 
proliferation and nuclear power. It is, 
rather, reactor safety’’. This gave him the 
text for an admirably wise and perceptive 
analysis of the main problems in making 
nuclear power not only safe, but also 
acceptable to the general public. Writing 
about the situation in the USA (which he 
contrasted strongly with that in the UK and 
Europe generally) he argued eloquently 
and persuasively: first, for consolidating 
the present highly fragmented US power 
utility industry into fewer organizations, 
each large enough to handle the far- 
reaching responsibilities of reactor owner- 
ship and operation; and second, for 
putting power reactors all together in a 
small number of large and isolated sites, 
where they could be served by local 
communities who would be familiar, 
_ through their daily work, with nuclear 
energy. Weinberg thus called for a 
moratorium, not on new reactors, but on 
new reactor sites. . 

Many of the people who had been 
directly involved in the accident came to 
the conference and were able to give their 
personal views, as seen one year 
afterwards. Other participants, among 
whom were such familiar names as 
Norman Rasmussen and Chauncey Starr, 
included representatives of government 
and local authorities, the nuclear industry, 
the Nuclear Regulatory Commission 
(NRC), the President’s Commission, 
universities and professional institutes, the 
media, public interest groups and residents 
of communities near Three Mile Island. 
They discussed many things: the technical 
history of the accident and the predicted 
likelihood of such an event; the amounts of 
radiation released and the problems, still to 
be solved, of decontaminating the site and 
removing safely the radioactive gases and 
water left in the buildings; the behaviour of 
the various individuals, organizations and 
authorities involved; the attitudes of the 
local inhabitants, some of whom remained 


Alan Cottrell 


The Three Mile Island Nuclear Accident: 
Lessons and Implications. Edited by 
Thomas H. Moss and David L. Sills. 
Pp.343. ISBN pbk 0-89766-116-8. 
(New York Academy of Sciences: 1981.) 
$66. 


calm throughout, almost indifferent, 
whereas others suffered great mental 
distress. 

A particularly lively part of the book 
deals with the acrimonious relations that 
have developed between the nuclear and 
public authorities and the press; the one 
side being accused of lying and concealing 
publically important information, the 
other of sensationalism, scare-mongering 
and ethical lapses. Whatever else TMI may 
have taught people, it has certainly exposed 
the atrocious state of communications 
between the nuclear industry and the 
general public via the media. 

TMI was a Janus-faced accident, which 
told people what they wanted to know. To 
anti-nuclear people it showed how near the 
brink of public disaster the industry 
operates. To pro-nuclear ones it confirmed 


Three Mile Island re-visited 


the safety of the system, which 
demonstrably protected the public from 
radiation injury and all physical hazard. 
Everyone — myself included —- learned 
their own lesson from TMI. Mine was that, 
when something gces wrong with the 
cooling system of a pressurized water 
reactor, the temperature and pressure can 
then change so suddenly as to impose an 
almost impossible burden of instant 
reaction on the reactor operators. The 
serious questions which this raises seem to 
me to have been dodged, perhaps because 
they may even raise doubts about the basic 
concept of high-pressure water reactors. 
Only Weinberg dares in this book to ask the 
ultimate question: whether one should 
reconsider other reactor systems ~~ such as 
gas-cooled reactors — that depend less on 
engineered safety features and more on 
inherent characteristics to prevent 
accidents. C] 


Sir Alan Cottrell, now Master of Jesus College, 
Cambridge, was previously the Chief Scientific 
Adviser to HM Goverrment. His book, How 
Safe is Nuclear Energy?, was published by 
Heinemann Educationa in June. 


Digital image processing moves on 


P.W. Hawkes 


Two-Dimensional Digital Signal 
Processing. Edited by T.S. Huang. Part | 


Linear Filters, pp.230, ISBN 
3-540-10348-1; Part 2 Transforms and 
Median Filters, pp.230, ISBN 


3-540-10359-7. (Springer-Verlag: 1981.) 
Each Part DM 79, $46.70. 


ALTHOUGH there is no reason why 
development in the sciences should fit 
neatly into decades, it is a fact that the 
1970s, the first decade of digital image 
processing, were dominated by a certain 
type of thinking whereas a rather different 
approach seems likely to pervade the 
coming years. The beginnings of the 
subject were strongly influenced by the 
algebraic work of Andrews, Hunt, Pratt 
and others associated with the University 
of Southern California, by the statistical 
work of Frieden and by Rosenfeld and his 
school at the University of Maryland. The 
first two tendencies were well-documented 
in an earlier book edited by Huang, Picture 
Processing and Digital Filtering (for review 
see Nature 264, 142), which the present 
volumes complement. The two parts are 


very different: the first is devoted to two- 
dimensional filters, both non-recursive 
(R.M. Mersereau) and recursive (two 
chapters, by P.A. Ramamoorthy and L.T. 
Bruton and by B.T. O’Connor and T.5. 
Huang) and to two-dimensional Kalman 
filtering (J.W. Woods). The second is 
concerned with methods of performing 
operations frequent'y needed in image 
processing — matrix transposition (LO. 
Eklundh), convolution and the discrete 
Fourier transform (H.J. Nussbaumer), 
Winograd’s algorithm (S. Zohar) — and 
also with median filtering, statistical {B.L 
Justusson) and deterministic (8.G. Tyan). 

The break with the work collected in 
Huang’s earlier volume is most clearly seen 
in Part I. With the exception of the chapter 
on recursive filtering, all of that earlier 
book could be read without conceptual 
difficulty and with great profit by anvone 
concerned with images, whether his 
background was physics, applied 
mathematics or electrical engineering; the 
chapter on recursive filtering was distinctly 
less accessible, partly because the authors 
did not provide an introduction addressed 
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to a wide audience but mainly because the 
topic was so very new. It is unfortunate 
therefore that in Part | of the new volumes, 
the authors of the chapter on the design of 
two-dimensional recursive filters assume 
that their audience is drawn wholly from 
the field of electrical engineering. That 
some of the jargon may not be familiar 
outside that field matters little; more 
serious is the fact that the authors do not 
attempt to relate their work to the types of 
situation where two-dimensional signals 
arise — images in particular. In the second 
contribution on recursive two-dimensional 
filters, O’Connor and Huang remedy this 
somewhat by giving considerably more 
introductory material, but a substantial 
effort is still required by the reader wishing 
to apply a recursive filter to an actual two- 
dimensional array. The same is true of the 
final chapter, on Kalman filtering, where 
once again, an introduction couched in 
slightly more general language would have 
rendered the material much easier to 
assimilate. 

I have set out this criticism in some detail 
in view of the extremely interesting nature 
of the contents of these chapters. They 
contain much that has not hitherto been 
collected together and form a convenient 
and scholarly summary of recent 
developments in this field. If the publishers 
produce a revised paperback version of 
these volumes, as they did of Huang’s 
earlier text, the addition of not-too- 
specialized introductory material to Part I 
at least would make it accessible to a much 
wider audience. 

This criticism does not apply to most of 
the contributions to Part II, which deals 
mainly with efficient numerical 
implementation of mathematical opera- 
tions. The first two topics, matrix trans- 
position and fast calculation of 
convolutions and Fourier transforms, are 
such fast-moving fields that essays on them 
can never be perfectly up to date but it is 
nonetheless very useful to have these 
surveys of the subjects. Nussbaumer in his 
chapter on the use of polynomial algebra 
gives a readable account largely restricted 
to his own work — the chapter would have 
been more valuable if he had reviewed the 
other work on number-theoretic trans- 
forms, startlingly little of which appears in 
the bibliography but, such as it is, the text is 
clear and contains many examples. Zohar’s 
chapter on Winograd’s algorithm is 
likewise readable and well illustrated. 

The final two contributions, on median 
filters, do not suffer from the hermetic tone 
of much of Part I. The purpose and use of 
such filters is made very clear and again, 
numerous examples of their use are 
provided. 

All in all, these are important and 
interesting volumes, of the same high 
quality as their predecessor, thoug 
different in spirit. o 
th ud T EAE E EE N 


P.W. Hawkes is Maître de Recherches at the 
Laboratoire d'Optique Electronique, Toulouse. 
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DouBTLESS most field primatologists who 
have originally set out to collect data for 
doctoral theses have seen other studies that 
needed doing in the same habitat, other 
behavioural and ecological questions that 
needed to be answered. But David Chivers 
is the first to have had the persistence to 
remain involved in the task of promoting 
such work for more than a decade and to 
have combined the major results of the first 
ten vears of work into a single volume. The 
result is a unique book that describes the 
current state of knowledge of the monkeys 
and apes that are the dominant herbivores 
of South-east Asia’s rain forests. 

The book is intelligently organized, with 
the broader aspects of the scene being set 
first and followed by increasing levels of 
detail. Chivers’s introduction briefly 
covers the main climatic and biological 
features of South-east Asia and traces the 
growth of primate studies in the area. 
Raemaekers, Aldrich-Blake and Payne 
then give an excellent overview of those 
features of the forest that are most salient 
to primate studies. 

Three chapters then follow which, inten- 
tionally or not, illustrate the relative 
paucity of information on the socio- 
ecology of Malaysian monkeys compared 
with that on the lesser apes: Gittins and 
Raemaekers on gibbons, Curtin on leaf 
monkeys and Aldrich-Blake on macaques. 
Regrettably, terminology relating to range 
use shows some signs of confusion: gibbon 
“home ranges’’ are defined as the total 
area used in a given period, yet agile 
gibbons are mapped as wandering out of 
this three times in five days; and leaf 
monkey ‘‘territories’’ are defined as being 
the non-overlapping parts of home ranges 
shortly after a description of territorial 
overlap is given. Hunt’s discussions of 
spacing mechanisms and determinants of 
range use also lack a certain clarity, 
especially in contrast with the Mackinnons’ 
outstanding chapter on niche differen- 
tiation among the primates: here, obser- 
vations and interpretations are clearly 
divided, areas of ecological separation and 
overlap are lucidly described and possible 
evolutionary pathways to the present 
community are discussed. 

In the following contributions Fleagle 
relates locomotor and postural behaviour 
to ecology, Payne provides much useful 
data on non-primate competitors, and 
Chivers and Raemaekers give a unique 
description of long-term changes in the 
main study community, although they can 
be criticized for the lack of a clear division 
between speculation and certainty over the 
identity of some individual siamang. The 


final chapter is an eclectic review that 
ranges from ecological parameters to 
broad conservation issues. 

More detailed descriptions of metho- 
dology would have been helpful, but 
Malayan Forest Primates would make an 
excellent focus for advanced teaching. All 
quibbles aside, this is an essential reference 
work for primatology and tropical forest 
biology, containing much that is of 
importance for related disciplines. B 





Michael Kavanagh is an Honorary Research 
Associate at the Veterinary Faculty, Universiti 
Pertanian Malaysia. He is currently a co- 
ordinator of the Malaysian Primates Research 
Programme. 
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OLDER ideas that the surface layers of 
microorganisms were essentially inert, 
serving only to protect the interesting 
internal machinery of the cell, have long 
since given way to the realization that they 
are dynamic and plastic structures which 
are intimately involved in the functioning 
of the cell and its interaction with its 
external environment. Despite the 
increasingly widespread recognition of the 
importance of these surface layers, there 
has been a lack of an up-to-date and 
comprehensive text in which the topic is 
covered in some depth but at a level suitable 
for advanced undergraduate micro- 
biologists and scientists in related areas. 

The authors of Microbial Cell Walls and 
Membranes have remedied this omission 
and their book will be of interest to such 
readers as well as to scientists working in 
this field. Postgraduate students and 
others about to engage in studies on the 
structure and biosynthesis of cell walls, or 
on the mode of action of antibiotics that 
affect wall synthesis, will find the book 
particularly valuable. It provides a good 
introduction to the area, and gives a 
detailed account of the biochemistry of cell 
walls and a survey of membrane com- 
position, structure and function. As the 
authors acknowledge, the various topics 
are discussed at somewhat different levels. 
The sections dealing with the structure and 
biosynthesis of bacterial cell wall 
components, the action of antibiotics and 
bacterial autolysins are particularly 
authoritative and well written. 

The first two chapters provide a clear 
and well-illustrated account of the 
ultrastructure of bacterial walls and 
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membranes, and a useful description of 
procedures for their isolation and 
fractionation together with explanations of 
how these affect the nature and properties 
of the isolated material. The composition 
and functions of bacterial membranes are 
then discussed in some detail. The main 
emphasis, however, is on cell walls, 
particularly those of bacteria, though two 
fairly short chapters are included on the 
structure and biosynthesis of components 
of walls of yeasts and filamentous fungi. 

Detailed attention is given to the 
Structure and biosynthesis of the 
component polymers of walls. The 
interrelation and function of these 
components are discussed but some of the 
physical properties of walls and the surface 
properties of cells are less fully described. 
For example, the chapter on ultrastructure 
gives values for the thickness of the walls of 
several Gram positive bacteria but there is 
little reference to the evidence suggesting 
that the native hydrated walls are 
considerably thicker than those seen in 
fixed thin section. Brief reference is made 
to the ability of peptidoglycan to change in 
volume with ionic conditions but the 
effects of the presence of anionic polymers 
in the wall are not discussed, nor are the 
surface-charge properties of micro- 
organisms. No mention is made, either, of 
the flocculation of yeast, useful though 
that property has been over the last few 
thousand years. 

While a fuller coverage of surface 
properties would require some 
consideration of capsules and surface 
appendages, I think that it would not have 
been out of place in a book such as this and 
could have been of interest and value, 
particularly to the undergraduate or more 
general reader. These might also have 
benefited from a rather more explicit 
description of some of the background 
material. Thus the final chapter, dealing 
with the assembly and growth of bacterial 
walls, makes only very brief reference to 
present or past thinking on the relation 
between genome segregation and wall 
growth and cell division: it does not 
describe topics such as the surface layers in 
growth and cell division in stalked and 
budding bacteria which, though not yet 
well understood at the molecular level, 
might have helped the non-expert reader to 
gain a wider perspective. 

Opinions may differ on what would 
constitute an ideal balance but there is no 
doubt that this is a most useful and 
valuable book. The authors have faced a 
formidable task in selecting from the vast 
amount of information that is now 
available and have produced a clearly 
written and beautifully presented book, 
containing a wealth of references to reviews 
and original papers. It should interest a 
wide range of readers. 3 
TE A EE 
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MANY of us who work with phytoplankton 
indulge in speaking about ‘‘algae’’, 
‘“‘diatoms”’ or ‘‘phytoplankton’’, and in 
treating nutrient uptake or population 
growth in terms of the entire assemblage. 
This approach is in part forced upon us by 
our methods, for example the measure- 


“ment of photosynthesis in a bottle of 


natural water. In part, however, we may be 
seduced by the apparent simplicity of a 
system of cells bathed individually by the 
environment and having high growth rates; 
they should be nearly in equilibrium with 
their surroundings. Investigators of larger, 
longer-lived invertebrates would hardly 
think of their objects of study in this way. 

The last two chapters of the present 
volume, about succession and evolution, 
have reminded me about the individual 
phytoplankton species, of their problems 
of living, their solutions to these problems 
and of our ignorance. Further, in the other 
more conventional chapters I have been 
struck by the emergence and recurrent 
mention of studies of phase relations and 
time lags of responses in the laboratory, of 
the role of frequency of disturbance, and 
by the growing recognition of the 
importance of these phenomena in the 
field: algal cells are not necessarily in 
equilibrium with their surroundings but 
may lag behind the environmental change 
by a day or more. 

The red thread running through this 
treatise is the interface between algal 
physiology and environmental factors. The 
subject has been tackled by commissioning 
in-depth, well-documented reviews which 
Strive for a hydrobiological rather than 
a restricted marine scope. The first two 
chapters treat basic features of algal cells, 
symbioses and diseases, and general 
methodology. The latter subject re- 
surfaces, often in great detail, in several of 
the subsequent seven contributions on 
photosynthesis, nutrient dynamics, trace 
metals (iron, manganese and copper) and 
vitamins. The chemistry chapters, strongly 
physiological in their orientation, are not 
uniformly organized but all review modern 
data of the distribution of the substances in 
natural waters. The last six discuss sinking 
and flotation, patchiness of distributions, 
the role of algal cell size, grazing, 
succession and evolution. Although these 
chapters were subsumed by the editor 
under the general heading of population 
dynamics, many concern themselves 
principally with effects on specific growth 
rates, as did the preceding chapters by their 
very nature. 

The book, however, is much more thana 


collection of good to excellent but other- 
wise accidental reviews. The editor has 
achieved a broad coverage and, moreover, 
seems to have seen to it that there are 
appropriate cross-references between 
chapters. The large index is helpful but 
could have been better organized. For 
example, the subject of ‘‘biomass 
estimations’’ does not appear as such but as 
a subheading under the three species 
Studied in this context, whereas the text 
referred to gives a general account of the 
subject. Likewise, ‘‘copper inhibition” is 
not to be found under *‘copper’’ — so even 
today one can overdo the species bit! 

In my opinion, this volume will be useful 
to the phytoplankton field worker (marine 
and freshwater), the advanced, general 
ecologist and the physiologist interested in 
ecological aspects of the subject. It is likely 
to be read or consulted for quite some time 
even though almost all manuscripts were 
apparently written in 1977 and the authors 
had little opportunity to add later 
references. The chapters are largely so 
specialized that the book as a whole cannot 
be used as a text; however, some con- 
tributions are to be recommended as a 
special reading for more senior students. | 


Karl Banse is Professor of Oceanography at the 
University of Washington, Seattle. 
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The past is the key to the present? 
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Precambrian of the Southern Hemisphere. 


Developments in Precambrian Geology, 2. 
Edited by D.R. Hunter. Pp.882. ISBN 
0-444-41862-8. (Elsevier Scientific: 1981.) 
$170.75, DfI 350. 





THE discovery, a decade or so ago, that the 
crustal regime that controls present-day 
geological processes operates on a world- 
wide scale gave earth scientists a much- 
needed push towards thinking of rock 
structures in terms of large, simple 
patterns. This approach worked well for 
the oceanic crust, where the scale of the 
magnetic striping matches that of the ocean 
basins themselves. But the continents are 
another matter. The time-span of contin- 
ental evolution is more than ten times that 
recorded in oceanic crust and the contin- 
ental crust is a patchwork of units formed 
during different periods in response to 
-entirely different controls. 

Thus every land-based geologist has at 
some time come up against the problem of 
how to make sense of a complex terrain in 
regional or global terms without doing 
violence to the evidence of his own eyes. 
The authors of this book have tackled the 
problem with remarkable success — they 
have at once produced a work of reference 
which will stand for many years to come 

and revealed new patterns and relation- 
ships on a continental scale. If it is true that 
achild’s first seven years set the pattern for 
the rest of its life, it must surely be true that 
the fundamental features of the contin- 
ental crust were built into it in Precambrian 
times. One of the fascinations of the book 
is that although Phanerozoic events such as 
the development of the African rift valley 
are not dealt with directly, they are fore- 
shadowed in accounts of structures formed 
two billion years earlier. 

The scene is set in an editorial 
introduction and in three admirable 
chapters introducing the sections on 
Australia, Africa south of the equator and 
South America. A welcome feature, seen 
especially in the contributions by R.W.R. 
Rutland and by D.R. Hunter and D.A. 
Pretorius, is the integration of geophysical 
and geological data to document the extent 
and boundary relations of successive 
tectonic provinces. These readable and 
thought-provoking chapters establish 
the large-scale structural patterns which 
must be explained in any global hypothesis 
of crustal evolution. The details are filled in 
by chapters which deal, area by area, with 
succession, structure, magmatism and 
mineralization. Sedimentary environments 
and palaeontology (often neglected by Pre- 
cambrian geologists) take their place 
alongside the more traditional aspects. 
Although it would be idle to claim that all 
of these chapters make easy reading, there 
are abundant rewards. The long familiarity 
of the various authors with their areas and 


their self-denial with respect to theoretical 
hobby-horses give authority to the text, 
which covers areas such as Zimbabwe that 
have profoundly influenced our under- 
standing of the Precambrian crust. The 
juxtaposition of apparently unrelated 
observations gives unexpected insights into 
the connections between older and younger 
structures, of between magmatism and 
basin formation — I particularly liked 
A.D.T. Goode’s suggestion that certain 
types of Archaean belt seem destined to 
remain unstable. 

The supercontinent of Gondwanaland 
has been crucial to thoughts on continental 
drift for more than 60 years. Alex du Toit, 


that wisest Gondwanaland geologist, gave 
a third of his Geology of South Africa to 
the Precambrian at a time when it was 
customary to dismiss pre-Phanerozoic 
events in a page or so. Now, Dr Hunter and 
his colleagues have built up the 
Precambrian picture into a coherent 
whole. The lion’s share of the book rightly 
goes to Australia and Africa. India 
excluded itself long ago by drifting into the 
Northern Hemisphere, South America 
receives somewhat cursory treatment and 
Antarctica is, rather sadly, omitted. But 
the core of the Gondwanaland story is now 
there for all to read. Du Toit would surely 
have approved. S 





Janet V. Watson is a Professor in the 
Department of Geology at Imperial College, 
University of London. 


Mixed relations between yeasts and man 


James A. Barnett 





Biology and Activities of Yeasts. The 
Society for Applied Bacteriology 
Symposium Series, No. 9. Edited by F.A. 
Skinner et al. Pp.310. ISBN 0-12-648080-X. 
(Academic: 1981.) £15.80, $38. 
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RIGHTLY, for a symposium of an 
‘tapplied’’ society, half of the chapters in 
this book concern industrial problems. 
There are remarkable yeasts that can 
ferment honey of ~ 80% hexose, and 
Tilbury’s careful review of such yeasts that 
tolerate high concentrations of sugar or salt 
is particularly welcome. Unfortunately, 
Davenport’s survey of cold-tolerant yeasts 
is not comparable; such is still needed, even 
if only to summarize the physiological 
research required to solve current 
industrial problems. Writing on spoilage, 
Seiler (bakery products) and Dennis and 
Buhagiar (fruit and vegetables) bring out 
the anecdotal character of many ‘‘applied”’ 
studies: even when researchers trouble to 
identify the yeasts properly, often no 
physiological work on their role is 
undertaken. An exception is the last 
author’s work on the breakdown of cellulose 
of rhubarb by Trichosporon species. 

There are brief, helpful, summaries of 
work on the flocculation and ethanol 
tolerance of Saccharomyces cerevisiae 
(Rose). Put and de Jong review the heat- 
resistance of yeasts that spoil soft drinks 
and other products of fruits. In addition, 
laymen should be grateful for two author- 
itative medical articles: Hurley describes 
the increasingly recognized importance of 
infections by yeasts of the genus Candida, 
while Campbell and Mackenzie give an 
admirably concise up-to-date survey of 
Cryptococcus neoformans. 

Three chapters are taxonomical, but 
more for taxonomists than for applied 
microbiologists. For example Kreger-van 
Rij (generic differences) complains, 


reasonably enough, about abolishing 
Torulopsis and, elliptically, expresses 
disapproval of the new genus Hormoascus. 
According to von Arx, yeasts are deficient 
moulds and, if the wicked twentieth- 
century microbiologist, Kluyver, hadn't 
got his hands on them, yeasts would now be 
properly classified, according to their 
anatomical structures and the strict legal 
rules of Botanical Nomenclature. Both of 
these taxonomists, and also van der Walt, 
in his excellent discussion of delimiting 
species, believe in phylogenetic classi- 
fication and are reverent towards such 
measurements as ‘‘%G+C’’, ignoring 
possible differences in rates of evolution of 
DNA base composition. These subjects, 
suitable for private intercourse between 
consenting taxonomists, were perversely 
selected for this symposium: taxonomic 
problems in applied work are chiefly those 
of identifying, not classifying, yeasts. 

Furthermore, although the editors boast 
of this volume as a ‘‘comprehensive review 
of the biology and activities of yeasts’’, 
they omit the genetic (nuclear and mito- 
chondrial) and physiological control of 
metabolism, as well as other current 
research of potential industrial interest, 
such as genetic manipulation by protoplast 
fusion and recombinant DNA techniques, 
and also C,-metabolism. 

Most of this symposium should be useful 
to teachers of microbiology, and specialists 
may be interested in certain articles, 
notably those on taxonomy and ‘‘xero- 
tolerant’? yeasts. Accordingly, the book 
should be in university and technical 
college libraries, as well as in those serving 
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James A. Barnett, employed by the Agricultural 
Research Council, is honorary lecturer in the 
School of Biological Sciences at the University 
of East Anglia. 
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The Ecology of a 
Salt Marsh 


Editors: L. R. POMEROY, 
R.G. WIEGERT 

1981. 57 figures. Approx. 290 pages 
(Ecological Studies, Volume 38) 
Cloth DM 69,-; approx. US $ 31.40 
ISBN 3-540-90555-3 


The Ecology of a Salt Marsh is the 
synthesis of a 20-year, multidisci- 
plinary study of the ecology of the 
Sapelo Island coastal marsh. Using 
the flux of carbon through the salt 
marsh as a model, this book 
assumes an interactionist position 
for studying the roles of macro- 
and microorganisms - with a 
special emphasis on microbial 
ecology - and their interrelation- 
ships with the physical aspects of 
the salt marsh. This uniquely inte- 
grated view offers a holistic under- 
standing of the complex nature of 
the salt marsh ecosystem. 


Resource Use 
by Chaparral and 
Matorral 


A Comparison of Vegetation Func- 
tion in Two Mediterranean Type 
Ecosystems 


Editor: P.C. MULLER 


1981. Approx. 116 figures. 

Approx. 350 pages 

(Ecological Studies, Volume 39) 
Cloth DM 98,-; approx. US $ 44.60 
ISBN 3-540-90556-1 


Forest Island 
Dynamics in 
Man-Dominated 


Landscapes 


Editors: R.L.BURGESS, 
D.M.SHARPE 


1981. Approx. 61 figures, 

Approx. 320 pages 

(Ecological Studies, Volume 41) 
Cloth DM 73,-; approx. US $ 33.20 
ISBN 3-540-90584-7 


S.GERLACH 


Marine Pollution 
Diagnosis and Therapy 


1981. 91 figures. Approx. 250 pages 
Cloth DM 58,-: approx. US $ 26.40 
ISBN 3-540-10940-4 


Wide-ranging in scope, Marine 
Pollution covers household and 
industrial wastes, ocean dumping, 
the effects of oil and radioactivity, 
the influence of toxic materials on 
geochemical and biochemical 
processes, and the dangers of 
wide-spread pollution by heavy 
metals and organic substances. 
This English translation of the 
highly acclaimed German original 
has been revised and expanded to 
keep pace with the rapid process 
of research in the field. 


W.H.SMITH 


Air Pollution and 
Forests 


Interactions Between Air Conta- 
minants and Forest Ecosystems 
1980. 60 figures, 110 tables. 

379 pages 

(Springer Series on Environmental! 
Management) 

Cloth DM 64,-: approx. US § 29.10 
ISBN 3-540-905014 


E.W. JAMESON, Jr. 
Patterns of 
Vertebrate Biology 


1981. 164 figures. XVI, 477 pages 
Cloth DM 63,-; approx. US $ 28.70 
ISBN 3-540-90520-0 


Patterns of Vertebrate Biology is an 
up-to-date examination of the 
natural history of vertebrates in 
their environments. Emphasizing 
general principles used for organi- 
zing and interpreting field observa- 
tions, this monograph offers a 
clear understanding of vertebrate 
life cycles. Well illustrated and 
extensively referenced, this book 
will be a valuable asset to both the 
advanced student and the pro- 
fessional biologist. 
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Surgery of peripheral nerves. A straight 
and even cut-surface of the nerve stumps 
greatly facilitates exact fascicular 
coaptation in reconstruction of peripheral 
nerves. Nerve-holding forceps have been 
developed by Accurate Surgical & 
Scientific Instruments to allow smooth 
trimming of nerve stumps using a blade, 
without additional trauma from the 
holding device. The excentrically placed 
guide slot makes possible economical 
trimming of the nerves. The ASSI nerve- 
cutting kit includes blade holder forceps, 
sterile blades, nerve-holding forceps 
(various diameters) and a sterilization box. 
Circle No. 90 on Reader Enquiry Card. 


Strip-chart and x-y recorder. A new, 
microprocessor-based x-y and strip-chart 
recorder developed by Bascom-Turner 
Instruments provides 0.025% resolution 
and d.c. to 10 kHz. The Model 2120 also 
provides data storage and recall, built-in 
mathematical processing, and digital as 
well as graphical presentation of results. 
Recording speeds on each channel of the 
two-channel strip chart can be varied 
continuously from 1,000 s to 0.1 ms per 
data point (5 ms per inch when plotted) 
without loss of resolution and with no 
overshoot or mechanical response errors. — 
Circle No. 91 on Reader Enquiry Card. 





Debubbler. As an alternative to the large, 
fragile glass debubblers currently available 
for HPLC pumps, Scientific Systems, Inc. 
have produced a small device which is 
installed in the reservoir-pump inlet line 
and removes bubbles formed due to 
reduced pressure. By preventing the 
bubbles from entering the pump head, 
associated problems of malfunctioning 
check valves and reduced or lost pump 
output are avoided. The SSI debubbler is 
made of TFE Teflon, Kel-F, and type 316 
stainless steel. It is equally effective with 
both large and small air bubbles and its 
transparency allows the air/mobile phase 
interface to be seen. 

Circle No. 92 on Reader Enquiry Card. 


Jon-chromatography columns. Rapid ion 
analysis is now possible using the new 
Dionex fast-run ion-chromatography 
columns. These new columns allow seven 
different ions to be determined in 8 min. 
Circle No. 93 on Reader Enquiry Card. 




















Interferon. Serono, in conjunction with 
The Weizman Institute, are now producing 
high specific activity fibroblast interferon. 
Cell cultures used in the process are derived 
from human prepuce tissues and through- 
out production, a temperature-controlled 
and sterile environment is maintained to 
avoid contamination of the cultures. 
Recent reports suggest that within this 
decade, interferons should have an in- 
creasingly important part to play in the 
treatment of a wide range of human and 
veterinary disorders. 

Circle No. 94 on Reader Enquiry Card. 


Electrophoretic transfer. The new Hoefer 
Transphor uses electrophoresis to transfer 
proteins, DNA or RNA from agarose and 
acrylamide gels to cellulose nitrate or 
derivatized papers. It accepts up to four 
gels (16 x 22 cm), or two gels when used 
with the heat exchanger. The gel-holding 
cassettes are easy to handle and load, and 
do not squeeze or cause dehydration of the 
gel. The efficient heat exchanger is made of 
glass tubes held in a plastic manifold — 
glass has a much greater heat exchange rate 
than plastic. Platinum wire electrodes on a 
PVC holder provide a uniform electrical 
field, ensuring fast, even gel transfer, whch 
can be completed in as little as 30 min. 
Circle No. 95 on Reader Enquiry Card. 


These notes are based on information 
provided by the manufacturers. For further 
details circle the appropriate numbers on the 
Reader Enquiry Card bound inside the 
journal. 


SINGER MICROMANIPULATORS 
ARE FAMOUS BECAUSE 


Singer Micromanipulators enable anyone to 
make exact movements without tremor or lost 
motion, in three dimensions, using a single 
contro! handle under low or high power 
magnification. 

A varied range available. All simple to operate. 


SINGER INSTRUMENT co. LTD., 
Treborough Lodge, Roadwater, Somerset. 
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NEW LITERATURE 


Environmental analysis. The first issue of 
‘Environmental Analysis News’ from 
Varian lists applications for environmental 
pollution analyses. Circle 150. 





Precision pressure transducer. A bulletin 
from Kulite Semiconductor Products, Inc. 
gives details of their standard-size precision 
pressure transducers. Circle 149. 


Colour centre lasers. Burleigh Instruments 
have produced a new catalogue on FCL 
colour centre lasers with information on 
associated equipment. Circle 148. 


HPLC columns. The 1981 catalogue from 
HPLC Technology lists their range of pre- 
packed HPLC columns. Circle 147. 





Copies of these publications can be obtained 
using the reader enquiry card. 


Microprobe 
THERMOMETER 


Lesion location by tem- 
perature difference is 
now possible. Model 
TH-6D has 1/100 
resolution and spots 
minute differences not 
previously measurable 
Range —10to +60°C + 
Measures differences 
to 1/100°C 

Use with Bailey Microprobes. of course 


BAILEY INSTRUMENTS INC. 
Saddle Brook, N.J. 07662 +(201) 845-7252 


700 G 


Differential 


High Resolution 
RADIOISOTOPE CAMERA 


(Spark Chamber) 


The new HIGH RESOLUTION Radioisotope 
Camera produces a polaroid print of the dist- 


ribution of radioactive compounds, Tritium 
and Carbon — 14, on Thin Layer Plates and 
Paper radiochromatograms. 


THE SPIRELLA @UILDING 
BRIDGE ROAD, LETCHWORTH 
HEATS. SG664ET ENGLAND 
TELEPHONE 

LETCHWORTH (04626) 7309? 


instruments Ltd 





e 
DIRECTORY OF 90 U.S. 
BIOTECHNOLOGY COMPANIES 


Get this information-packed 


directory FREE 
subscription to BioEngineering News. 


Chiron, Xenogen, Phyllogenics, 


with a te-year 


Synergen, Synaqene, PTCL, AGRI, IPRI, 
and Armos are just a few of the 
companies described in the 


directory. And BioEngineering News 


will keep your information up to 
date--every two weeks--all year 
long! Rush your check for $295 ($317 


overseas) to: 
109 Minna Street, 


Calif., 


BioEngineering News, 
Suite 304, 
94105. 


San 


Francisco, 
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UNIVERSITY OF SUSSEX 
SCHOOL OF BIOLOGICAL 
SCIENCES 
RESEARCH FELLOW 
IN BIOCHEMISTRY 
Regulation of Protein Synthesis 
in Animal Tissues by Diabetes 
and Insulin 


An MRC-funded position will be 
available from I January 1982 for a 
postdoctoral worker to investigate 
the mechanisms by which insulin 
regulates translation in muscle and 
liver. Experience in studies either of 
protein synthesis at the subcellular 
level or of regulation of enzyme 
activity by covalent modification 
would be particularly appropriate. 
Salary on the scale for Research 
Fellow Grade 1A £6,070 — £10,575 


pa. 


Applications or further enquiries 
to Dr V M Pain, School of Biological 
Sciences, University of Sussex, 
Falmer, Brighton BNI 90G (tele- 
phone 0273 606755 ext 53). 

(2461A 


CELL AND 
DEVELOPMENTAL 
BIOLOGY — 
ENDOCRINOLOGY 
Applications are invited for 


POST-DOCTORAL 
and/or 
RESEARCH ASSOCIATE 
POSITIONS 


in a research programme to study 
selected areas of mammalian sper- 
matogenesis, fertilization and 
embryogenesis. The research pro- 
jects, to be conducted in the labora- 
tories of Drs A R Bellvé, J D Biggers 
and C F Millette, will focus on events 
regulating the proliferation and dif- 
ferentiation of somatic, germinal and 
embryonic cells. Candidates with 
experience in protein purification, 
plasma membrane biochemistry, cell 
and embryo culture, endocrinology 
and/or monoclonal antibody tech- 
niques are particularly welcome. 
Appointments are for 2-3 years, 
commencing October 1, 1981. 


Send curriculum vitae, and list of 
references to: Dr Anthony R Bellvé, 
Laboratory of Human Reproduction 
and Reproductive Biology, Harvard 
Medical School, 45 Shattuck Street, 
Boston, Massachusetts 02115. 


Equal opportunity/affirmative 
action employer. (NW862)A 


GREATER GLASGOW 
HEALTH BOARD 
DUNCAN GUTHRIE 
INSTITUTE OF MEDICAL 
GENETICS 
Yorkhill, Glasgow 
BASIC GRADE SCIENTIST 


Honours science graduate in genetics, 
biochemistry or related fields 
required for the West of Scotland 
Regional Genetic Service. The work 
involves prenatal diagnosis of 
chromosome aberrations, bio- 
chemical defects, spina bifida and 
other conditions. Due to expanding 
service, the Laboratories have 
recently moved to new premises, 
shared with the University Depart- 
ment of Medical Genetics. 


Salary and conditions in accordance 
with Whitley Council scales. 


Applications, with full details of 
qualifications and experience, and 
names of two referees, to Sector 
Administrator, Royal Hospital for 
Sick Children, Yorkhill, Glasgow G3 
8SJ. (9464)A 





UNIVERSITY OF 
MELBOURNE 
LECTURESHIP 
(CONTINUING) IN 
VETERINARY 
PRECLINICAL SCIENCES 
in the 
FACULTY OF VETERINARY 
SCIENCE 


Applicants for this position should 
hold a degree in Veterinary Science or 
an equivalent qualification. The 
position is tenable from Ist 
December 1981 or as soon thereafter 
as possible. 


Salary within the range $419,821 
— $A26,037 per annum. An appoin- 
tee and dependants from interstate or 
overseas will be eligible for travel and 
removal expenses. The appointee will 
be required to contribute to the 
Academic Staff Retirement Fund. 


Further information, including 
details of application procedure and 
conditions of appointment, is avail- 
able from the Staff Officer, 
University of Melbourne, Parkville, 
Victoria 3052, Australia, or from the 
Association of Commonwealth 
Universities (Appts), 36 Gordon 
Square, London WC1H OPF. 


Applications should be addressed 
to the Staff Officer, close on 3/ 
October 1981. (9458)A 
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UNIVERSITY OF ABERDEEN | KING’S COLLEGE LONDON 


DEPARTMENT OF PHYSIOLOGY 
RESEARCH ASSISTANT 
Applications are invited for the 


i above two year post from suitably 


qualified candidates to work on an 
MRC supported project on the 
effects of chronic electrical 
stimulation on immobilized and 
tenotomized muscles. The successful 
candidate may register for a higher 
degree. 


The starting salary will be £5,285 
per annum on the Grade 1B Research 
Scale. 


Further particulars from The 
Secretary, The University, Aberdeen, 
with whom applications (2 copies) 


RESEARCH TECHNICIAN — 
GRADE 3 HRR 


For Physiology Department to assist 
Dr 5 R Milligan in research on uterine | 
physiology in early pregnancy.” 
Duties include preparation and 
conduct of physiological experiments, _ 
analysis of results, maintenance of _ 
equipment and assisting generally in 
laboratory. The appointment is. 
funded by the Wellcome Trustand is 
of 2 years’ duration. Minimum qual- 
fication ONC or equivalent. Salary 
£5,688 pa (incl) rising to £5,820 pa 
(incl) after one year. 5 weeks annual. 
holiday. Superannuation scheme. l 

Apply in writing to: The Head 
Clerk (Ref: N226997) King’s College. 


should be lodged by 25 September 
1981. 


London, Strand, 


(944 1)A aS. 
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WASHINGTON 
CORRESPONDENT 


to succeed David Dickson, who will be leaving his postin 
Washington on 31 March 1982. The post is central to 
Nature's reporting of developments affecting science in 
North America and elsewhere. 

Applicants should be English-speaking, preferably with 
some first-hand knowledge of the United States and 
should also have 

* a university degree (preferably in science} 


* at least two years’ experience of written journalism | 
weekly or daily periodical, but not 


(preferably with a 
necessarily scientific) 
* a broad interest in current affairs. 


The successful applicant will be employed by Nature 
America Inc., initially for a fixed term (to be negotiated). 


To allow for a spell in the London office of Nature and a 
period of overlap in Washington, applicants should be 
able to be free no later than 1 March 1982. 

Salary, travel allowances and other conditions of 
employment by negotiation. 


Applications, including a full curriculum vitae, 
should be plainly marked “Job application” and 
addressed to the Editor, Nature, Macmillan 
Journals, 4 Little Essex St, London WC2R 3LF or 
Nature, 15 East 26 St, New York, NY 10010, to arrive 
before 30 September 1981. (9324)A4 





London WC2R 
(94603 A. oo 








Toxicolocist 
| London 








to join the Headquarters of the Board’s Medical Service in London. Reporting to 
the Director of Medical Service the successful candidate will be responsible for 
setting up an advisory and information service within the Industry and will advise 
the Director on toxicological matters. Visits to Board establishments throughout 


the country will be necessary. 
Candidates should have: 

— a good degree in an appropriate subject 
— ability to evaluate scientific literature 


— ability to write reports and communicate with management 


~ relevant research and/or industrial experience. 


Commencing salary will be in the range £10,120-£12,420 or £11,200-£13,800, 
including London Location Allowance and an incentive bonus payable at the 
present time, and is supported by excellent conditions of employment. Further 


information and a job description available on request. 


Please apply with a detailed curriculum vitae te: 


Staff Manager, National Coal Board, 
Hobart House, Grosvenor Place, London SW1X 7AE. 


Applications should be received by Friday 18th September 1981. 





ILRAD 


INTERNATIONAL LABORATORY 
FOR RESEARCH 
ON ANIMAL DISEASES 


Scientific Research 
Position 


international Laboratory for Research on 
Animal Diseases 
(LRAD) | 


A vacancy exists in the Pathology Division of ILRAD for a Research 
Scientist to continue studies on the inductive mechanisms for cell- 
mediated immunity against the protozoan parasite Theileria parva in 
cattle and to analyse the antigenic composition of the parasite. 
Opportunities exist for collaborative research on surface markers of 
bovine lymphocytes and means of eliciting protective immunity 
against Theileriosis. 


The applicant should possess a degree in Veterinary Science {or be 
familiar with experimentation in livestock) together with a PhD. 
Relevant postdoctoral experience would also be an advantage. 
Salary will be paid in US dollars according to experience. Perquisites 
include movement, housing and commutation allowances, medical 
and retirement benefits. 


Applications with curriculum vitae and the names of three 
referees should be addressed to: The i Director of 
Administration, ILRAD, PO Box 30709, Nairobi. 


Closing Date: 15 September, 1981. 


(W408) A 
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ST. MARY’S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 

Norfolk Place, London W2 IPG 
RESEARCH ASSISTANT 
CYTOLOGY UNIT 
DEPARTMENT OF PATHOLOGY 


Applications are invited for two posts 
involving applied research, tenure 
two years. 


Starting salaries approximately 
£8,380 pa. Both appointments would 
be appropriate for medically 
qualified persons, but experienced 
scientists would be considered. 
Successful applicants need own 
transport as research involves travel 
between hospitais. 


(1) Research Assistant required to 
investigate the place of immunocyto- 
chemical techniques in the detection 
of cervical cancer. Research carried 
out in collaboration with Institute for 
Cancer Research, Sutton, Surrey. 
Successful applicant should be 
prepared to undertake colposcopy, 
cervical biopsy and develop new 
cytological techniques. 


(2) Research Assistant required for 
project involving trophoblast 
sampling in early pregnancy. 
Research carried out in collaboration 
with Dept of Obstetrics, University 
College Hospital, offers opportunity 
to develop cell sampling and cell 
culture techniques and to acquire 
with ultrasound. 


Further information from Dr 
Dulcie Coleman as above address. 
Applications in the form of a full cv 
and names and addresses of two 
referees should be sent to Assistant 
Secretary (Personnel) at above 
address to arrive by 18 September. 

(9450) A 
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FACULTY POSITION 
IN BIOCHEMISTRY 
The Department invites applica- 
tions and nominations for a faculty 
position that will becorne available 
July 1, 1982, at the level of Assistant | 
Professor. Responsibilities will 
include participation in the Depart- 
ment’s teaching programs for under- 
graduate, graduate and professional 
students and the development of a 
vigorous independent program of 
scholarly research. Applicants 
must hold a doctoral degree and 
preferably should have postdoc- 
toral experience. Outstanding 
applicants with expertise in any 
area of biochemistry or closely- 
related disciplines will be con- 
sidered, and we expect that the 
new appointee will complement the 
expertise of our current faculty. 
Women and minority candidates 
are especially encouraged to apply. 
Applicants should send a curri- 
culum vitae, including a list of 
publications and summary of future 
research plans, and arrange to have 
three letters of reference sent to: Dr 
Arthur A Spector, Chairman, 
Faculty Search Committee, Depart- 
ment of Biochemistry, The 
University of lowa, lowa City, lowa 
52242. The University of lowa is an 
Equal Opportunity and Affirmative 


| Action Employer. (NW843)A 
































UNIVERSITY OF OXFORD 


NUFFIELD DEPARTMENT 
OF PATHOLOGY | 
John Radcliffe Hospital, 


Oxford 


RESEARCH OFFICER IN 
ELECTRON MICROSCOPY 


Applications are invited for this 
position. The Electron Microscopy 
Unit in this Department has three 
transmission electron microscopes 
and all the necessary ancillary 
apparatus. There is a tenured staff of 
three and grant supported staff. 


The Unit has three functions: The 
provision of EM facilities for 
research and diagnosis for all depart- 
ments in the John Radcliffe Hospital; 
training of medical, technical and 
research personnel in EM techniques 
and in interpretation of EM results; 
development of new EM techniques. 


The appointee should have wide 
experience in biological electron 
microscopy and hold a postgraduate 
qualification that involved electron 
microscopy. The main duties will be 
the daily administration of the Unit, 
some day-to-day maintenance of 
equipment, training of staff and to 
pursue a research interest. 


The Research Officer salary range 
grade is £9,750 to £12,860. 


The Unit may be visited by con- 
tacting Dr P R Millard in the EM Unit 
(telephone 0865-81 7256). 


Applications with the names of 
two referees should be submitted to 
Professor J. O’D McGee, University 
of Oxford, Nuffield Department of 
Pathology, John Radcliffe Hospital, 
Headington, Oxford by Ist Oct. 
1981. {945 1)A 
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CSIRO AUST 


| Chief of Divisio 
of Tropical 
Animal 









Applications are invited for the position of Chief of the new expected that the Chief will develop close relations with the divisions 
Division of Tropical Animal Science from scientists who have a of Animal Production, Animal Health, Tropical Crops and Pastures, 
record of personal research achievement and leadership in an and Entomology. 


SP OIOENO TE HONE OT SEINE: The salary is negotiable, but will be not less than $Aust. 43,158 per 7 
CSIRO is Australia’s largest and most comprehensive research annum. 

organization having approximately 7500 employees of whom 2700 are 

research and professional scientists. its broad charter covers 

research into problems of primary and secondary industries and also 

such fields of community interest as human nutrition, the 

environment and the development and use of natural resources. 


Appointment to the organization is for an indefinite period and 
carries Commonwealth superannuation privileges subject to norna 
conditions. The position of Chief is offered for a negotiable term of 
the order of five to séven years, with subsequent options for a 
further term, if mutually desired, or for a senior position in the 

The research activities of the organization are grouped into five organization. 
institutes. The Division of Tropical Animal Science will be a 
constituent division of the Institute of Animal and Food Sciences. 
The other components of the Institute are the Divisions of Animal 
Health, Animal Production, Fisheries Research, Food Research, and 
Human Nutrition, and the Molecular and Cellular Biology Unit and 
the Wheat Research. The Institute supervises Australian input into 
the project for animal research and development, Bogor, Indonesia. 


Dr. K.A. Ferguson, FTS, Director of the Institute of Animal ard 
Food Sciences, would be pieased to provide further information 
about the new division and discuss the position with potential 
applicants. He would also be pleased to receive other advice 
concerning the appointment from people with a particular imierest in 
it. Dr. Ferguson may be contacted at the Australian address below. 


Until the present, CSIRO’s work in Tropical Animal Science has Dr. Ferguson will be proceeding overseas shortly and may be 


been carried out in the Divisions of Animal Production, Animal contacted: 
Health and, to a lesser extent, the Divisions of Entomology and c/o Counsellor (Scientific) 
Tropical Crops and Pastures. The new Division will comprise the Australian Embassy 
present Brisbane laboratory of the Division of Animal Health, the 1601 Massachusetts Avenue N.W. 
Rockhampton Laboratory of the Division of Animal Production, and Washington D.C. 
a nutrition group to be established at Townsville in association with Telephone (202) 797 3000 on 7 October 1987 
the Division of Tropical Crops and Pastures. and 
Some of the Division of Entomology’s Brisbane staff will also join c/o Minister (Scientific) 
the new division. The total staff of the new division will be about Australian Scientific Liaison Office 
180, including some 50 professional scientists. Australian High Commission 
Australia House 
Research on tropical animal health will be largely centred at Strand 
Brisbane, Physiology and Genetics at Rockhampton, and Nutrition at London 
Townsville. However, the three groups will collaborate, especially on Telephone (01) 438 8351 on 13 October 1981 


immunological and nutritional characteristics which influence 
selection criteria. Divisional headquarters will be at one of these three 
centres, to be decided after discussion with the new Chief. 


Persons wishing to contact Dr Ferguson on these days should 
make prior arrangements with overseas office indicated. 


Applications stating full personal and professional details and 


The Division's research will initially be direc imi j i . j 
ch will initially be directed to improving the names of at least two professional referees and quoting reference 


efficiency of tropical beef cattle production, although much of it will 


also be relevant to tropical dairy cattle. At a later stage research on nomor AGAI should resch: ; 
sheep production in the arid tropics may be initiated. The Director 
institute of Animal and Food Sciences 
The Chief of the Division will be responsible to the Institute CSIRO Headquarters 
Director for the leadership, development, scientific direction and P.O. Box 225 
integration of the research programs of the division and will be Dickson Act 2602 
encouraged to promote active collaboration with other divisions, Australia by 12 October 1981 


industry and research bodies in associated areas. In particular it is (SARS) A 














UNIVERSITY OF CAPE TOWN 


ASSOCIATE PROFESSOR OR 
SENIOR LECTURER IN GENETICS 


Applications are invited for the above post in the Department of 
Biochemistry. Appointment, according to qualifications and 
experience, will be made on the salary scale: 


Senior Lecturer: R14,370 x 810 - R20,850 pa. Associate Professor: 
R18,420 x 810 - R20,850 x 900 - R22,650 pa. In addition a service 
bonus of nearly one month’s salary is payable annually. 


Candidates should have strong research interest in eucaryotic 
molecular genetics and experience in recombinant DNA technology 
and assume duties during the first half of 1982. Candidates should 
state for which post they wish to be considered. 


The post may also be filled at the request of the applicant on a 
contract basis for 2-3 years with either the possibility of renewal or 
conversion into a tenured post. 


Applicants should submit a curriculum vitae, stating present salary, 
research interests and publications, when available if appointed, 
and the names and addresses of three referees. 


Further information should be obtained from the Registrar, 
(Attention Appointments Office), University of Cape Town, 
Rondebosch, 7700, South Africa, by whom applications (quoting 
ref. no. AC/8.) must be received not later than 19th October 1981. 


The University’s policy is not to discriminate in the 
appointment of staff on the grounds of sex, race or religion. 
Further information on the implementation of this policy is 
obtainable from the Registrar. (W414) 


























The Faculty of Science of the University of 
Nijmegen, The Netherlands, wishes to announce a 
vacancy for a 


Professor (extraordinary) in 
Biophysical Chemistry 


The position is that of a parttime member of staff 
(0.4 of a full position). Applications are invited from 
biochemists interested in biophysical chemistry. it 
is expected that the appointee will take part and 
support the research in the department of 
biophysical chemistry which is concerned with the 
physical chemistry of nucleic acids and nucleic 
acid-protein interactions. Intensive use is made of 
high resolution NMR (300 and 500 MHz) and fast 
kinetic techniques (stopped flow and T-jump). The 
candidate will be required to participate in teaching 
biophysical chemistry in collaboration with 
Professor C.W. Hilbers and other members of staff. 

















Letters of application together with a detailed 
curriculum vitae and list of publications as well as 
the names of qualified persons, who will be 
prepared to give some personal and scientific 
background information, should be addressed to 
the Chairman of the selection committee: Professor 
H.P.J. Bloemers, Faculty of Science, Department of 
Biochemistry, University of Nijmegen, 

Geert Grooteplein Noord 21, 6525 EZ Nijmegen, 

The Netherlands, from whom also additional 
information can be obtained. Applications are 
awaited within four weeks after the date of 
appearance of this advertisement. 

(WADA 














BROOM’S BARN 
EXPERIMENTAL STATION 
Higham, Bury St Edmunds, 
Suffolk [P28 6NP 
(A constituent part of 
Rothamsted Experimental 
Station) 
CHEMIST 


to study the processes controlling 
uptake of ions from the soil and their 
distribution and movement within 
sugar-beet plants. The appointee will 
join a team investigating factors 
affecting crop growth and sugar 
production, 


Qualifications: First or upper 
second class honours degree in 
chemistry, soil science or related 
subject, and preferably a higher 
degree in one of these disciplines, 
with some knowledge of crop and 
piant physiology. At least two years’ 
relevant post-qualifying experience is 
required for appointment as HSO. 


Appointment in grade of Scientific 
Officer (£5,176 — £6,964) or Higher 
Scientific Officer (£6,530 — £8,589) 
according to qualifications and 
experience. Non-contributory super- 
annuation. 


Further particulars and an 
application form can be obtained 
from the Head of Broom’s Barn. 
Please quote Ref. 449. 


Closing date 30th September 1981. 
(9435)A 





THE UNIVERSITY College of 
Wales, Aberystwyth, Department of 
Agricultural Botany. Applications 
are invited for the following ARC 
funded research posts: Post Doctoral 
Research Assistant (Ref. ABI). A 
three year appointment to study host 
strain preference in the legume/ 
Rhizobium symbrosis. A PhD degree 
in plant pathology or microbiology is 
required. Experience in immunology, 
microbial genetics or polysaccharide 
chemistry will be an advantage. 
Salary in the range £6,070 to £6,880 
per annum. Post Doctoral Research 
Assistant (Ref. AB2) A three year 
appointment to work on the control 
of chromosome pairing in lolium 
hybrids. A PhD degree in cytology or 
genetics is required. Experienced in 
Electron Microscopy will be an 
advantage. Salary in the range £6,070 
to £6,880 per annum. Research 
Assistant (Ref. AB3). A three year 
appointment to investigate chromo- 
some behaviour in inbred diploid and 
tetraploid lolium. The opportunity 


will be provided to register for a j 


higher degree. A first or upper second 
class honours degree with a sound 
knowledge of genetics and cytology is 
required. Salary in the range £5,285 
to £6,070 per annum. Application 
forms and further particulars in 
respect of the above posts can be 
obtained from The Registrar 
(Staffing Office), The University 
College of Wales, Old College, King 
Street, Aberystwyth SY23 2AC, (Tel. 
0970 3177 Ext.207). Closing date for 
applications: 30 September 1981. 
Please quote the relevant reference in 
all correspondence. (9478)A 
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university 


Senior Research Assistant 


Applications are invited for the 
acancy of Postdoctoral Senior 
Research Assistant in the 
Department of Biochemistry. 
The successful applicant will work 
with Professor E G Brown and Dr 
R P Newton on an SRC- 
sponsored project concerning the 
isolated and complex-bound cyclic 
nucleotide phosphodiesterases of 
plant tissues. Preference will be 
given to applicants with 
experience in the extraction and 
purification of enzymes and/or the 
isolation of plant organelles. 


The commencing salary is on a 
scale up to £6,880 per annum plus 
USS/USDPS benefits, and the 
appointment is for one year in the 
first instance, renewable for a 
further year. 


Further particulars and 
application forms may be 
obtained from the Personnel 
Office, University College of 


they should be returned by 
Wednesday, October 7, 1981. 
(9481)A 





UNIVERSITY OF 
WISCONSIN-MADISON 


ASSISTANT PROFESSOR 
CELLULAR AND 
MOLECULAR BIOLOGY 


The Laboratory of Molecular 
Biology and the Department of 
Biochemistry of the University of 
Wisconsin-Madison invite appli- 
cations for a joint, tenure-track 
position at the rank of Assistant 
Professor. Candidates should have 
research interests in problems of 
eukaryotic cell function. Within this 
broad area emphasis will be placed on 
selecting an outstanding individual. 
Responsibilities will include teaching 
in the Biochemistry Department’s 
curriculum, participating in the 
Interdepartmental Program in 
Molecular Biology, supervision of 
graduate students and development 
of an independent research program. 
Salary wil be on a 12-month basis; it 
will be commensurate with the 
experience of the candidate and 
compatible with the salary structure 
of the University of Wisconsin. 
Applicants should submit a 
curriculum vitae, statement of 
research interests and three letters of 
reference, by 15 November 1981, to 
Gary G Borisy, Chairman, 
Laboratory of Molecular Biology, 
University of Wisconsin, Madison, 
Wisconsin 53706. 


The University of Wisconsin is an 
equal opportunity/affirmative 
action employer; applications from 
minority and women candidates and 
other qualified persons are 
encouraged. (NW847)A 
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KS UNIVERSITY OF DUBLIN 


Trinity College 





EXPERIMENTAL OFFICER 
(GEOCHEMISTRY) 


Applications are invited for the 
above post in the Geochemistry 
Unit of the Geology Department 
from candidates with a primary 
degree of diploma, or equivalent 
qualification, and appropriate 
experience. 


Duties will include responsibility 
for the operation and applicational 
development of energy-dispersive 
X-ray flourescence and atamic ab- 
sorption spectrophotometric 
equipment. Other available tech- 
niques inciude X-ray diffraction and 
reflected light microscopy. A 
knowledge of computer program- 
ming is highly desirable. 


Salary Scale: IR£8,359 
IRE10,176 (Experimental Officer). 
IR£9,728 ~— IR£11,840 (Senior 
Experimental Officer). Entry will be 
at a point commensurate with 
qualifications and experience. 


Application forms and further 
particulars are available from: 


The Staff Office, 
No. 1, 

Trinity College, 
Dublin 2. 

Tel: 772941 ext 1775. 


Closing date for receipt of applica- 
tions is 24th September, 1981. 


(9448)A 
EOR 


— 





CELL AND MOLECULAR 
BIOLOGY 


COLUMBIA UNIVERSITY 


The Department of Biological 
Sciences at Columbia University in 
New York City is expanding its group 
in cell and molecular biology. Space 
and modern facilities are presently 
available for several new appoint- 
ments in the recently completed 
Sherman Fairchild Center for the 
Life Sciences. The appointments will 
be made at a level appropriate to the 
qualifications of the successful candi- 
dates. The successful candidates will 
be individuals who can demonstrate a 
high level of scientific excellence and 
productivity along with superior 
teaching ability and commitment to 
teaching at both undergraduate and 
graduate levels. 


Applications should include a CV, 
copies of most significant pub- 
lications, and a summary of research 
goals. Junior applicants should also 
request that letters from three 
referees be sent in support of their 
application. 


Send inquiries to Professor 
Alexander A Tzagoloff, Chairman of 
the Cell and Molecular Biology 
Search Committtee, Department of 
Biological Sciences, 600 Sherman 
Fairchild Center, Colombia Univer- 
sity, New York, NY 10027. Women 
and members of minority groups are 
especially encouraged to apply. 
Columbia University is an Equal 
Opportunity/Affirmative Action 
Employer. (NW859)A 


UNIVERSITY OF 
WITWATERSRAND, 
Johannesburg, 

South Africa 
DEPARTMENT OF MICROBIOLOGY 
LECUTURER 


Applications are invited from 
suitably qualified persons regardless 
of sex, race, colour or national origin 
for appointment to the above post. 


Applicants could have an interest 
in any aspect of Microbiology, 
although those with experience in 
microbial metabolism and/or 
industrial microbiology are 
encouraged to apply. 


In addition to pursuing his/her 
own research, the incumbent will be 
required to participate in the teaching 
of the undergraduate and post- 
graduate courses given to students in 
the Faculty of Science, and to super- 
vise research students. 


Duties are to be assumed at the 
beginning of 1982, or as soon as 
possible thereafter. 


The salary attached to the appoint- 
ment will be in the range R10,995 — 
R19,230 pa. 


Interested persons should obtain 
the information sheet relating to this 
post from Miss J Lloyd, South 


|African Universities Office, 


Chichester House, High Holborn, 
London WCIV 7HE, or from the 
Registrar (Staffing), University of 
the Witwatersrand, Jan Smuts 


Avenue, Johannesburg, South 


| Africa 2001, with whom applications 
| Should be lodged by 10 October 1981. 


(9477)A 





UNIVERSITY OF VICTORIA 
Victoria, British Columbia 
ASTRONOMY POSITION 


The Department of Physics at the 
University of Victoria invites 
applications for a tenure-track 
position in Astronomy commencing 
July Ist, 1982. It is anticipated that 
the appointment will be made at the 
rank of Assistant Professor, and that 
preference will be given to an 
observational astronomer with a 
strong background in astrophysics. 
Applicants must have completed a 
PhD or its equivalent and may 
possibly have one or two years post- 
doctoral experience as well. The 
successful candidate will have shown 
exceptional promise as a researcher 
with the ability to initiate and develop 


new ideas, and will be expected to. 


supervise graduate students in 
addition to teaching effectively at 
both the undergraduate and graduate 
levels. The Department maintains 
close contact with the nearby 
Dominion Astrophysical Observa- 
tory and opportunities also exist for 
observing time on the 3.6 m Canada- 
France-Hawaii telescope in Hawaii. 


Letters of application including a 
curriculum vitae, publication list and 
the names and addresses of three 
referees, should be sent to J T Weaver, 
Chairman, Department of Physics, 
University of Victoria, PO Box 1700, 
Victoria, British Columbia, Canada 
V8W 2Y2. 


_ Closing date for applications is 
January 15, 1982. (NW8S2)A 


























Floraand Fauna 


DIREG 


$A34031-S$A3 


The Bureau of Flora and Fauna is responsible for the Australian 
Biological Resources Study (ABRS), a collaborative program to 
collect, describe and document Australia’s flora and fauna. The 
program includes writing a new Fiora of Australia, compilation of 
an Australian Fauna Directory and Australian Biotaxonomic 
information System and oversight of the grantfunded ARRS 
Participating Program. 


The Bureau is located in Canberra, Australia’s capital city. 
Canberra is a modern, fully planned city with a population of about 
230,000 located 300km south west of Sydney and about 1B0km 
from the gast coast. 


The Director is an officer of the Department of Home Affairs and 
Environment and, ex-officio, a member of the ABRS Advisory 
Committee to the Minister for Home Affairs and Environrnent. 


Applicants should posses @ higher degree and extensive research 
experience in a relevant field of biological sciences (with 
considerable emphasis on taxonomy}, together with proven 
administrative skills of a high order. Strong motivation and output 
orientation are essential, 


The position is offered either as a permanent appointment to the 
Australian Public Service at a salary of $434,031 p.a. or as fixed 
term engagement of up to five years (renegotiable) with a salary of 
between $434,031 — $437,220 p.a., depending on qualifications 
and experience. To be eligible for permanent appointment, 
applicants must be British subjects. 


Conditions of employment include four weeks annual leave with 
bonus payment; and cumulative paid sick leave. Fares and removal 
expenses to take up duty will be paid, and a short-term 
accommodation allowance may also be payable. A permanent 
appointee will also be eligible for three morths long service leave 
after ten years service and will participate in a contributory 
superannuation scheme. 


Applications stating full details of personal history, 
experience and current address should be forwarded to the 
following address as early as possible: The Secretary, 
Department of Home Affairs and Environment, P.O. Box 
1252, Canberra City, ACT 2601, Australia. (BANA 






290 |i 











Per Hdranearerniran ttn nn AAA ea Hier ie fst nt Hr Sera aaa CANAAN USS RAO 


INSTITUT PASTEUR 
Paris-France 
Applications are invited for a position of staff and 


POSTDOCTORAL 
RESEARCH SCIENTIST 


with experience in molecular genetics, recombinant DNA techniques, | 
and animal cell culture. , 


The genetic engineering laboratory involved in medical and industrial 
applications, is located on the Institute Pasteur campus and has contact | 
with fundamental research units. 


French Knowledge is not essential. 


Applications with curriculum vitae and requested salary should | 
be sent to: À 


Monsieur le Directeur du Personnel 
institut Pasteur Paris 
28, ru du Docteur Roux 
75724 Paris Cedex 15 — Franca 
WAIBA 









































{Switzeriand). 


MANAGER 
| BIOCIDES 
| DEVELOPMENT 


{Our client is a well-established 
‘| Eastern United States chemical 
|manufacturing company. They 
1 seek a PhD organic chemist with a 
trecord of creativity in the synthesis 
‘land evaluation of industrial 
biocides. Candidates must also 
| have supervised professional level 
| technical personnel and exhibit the 
| management skills necessary to 
‘| spearhead a development effort. 
-zi They should be abie to interact 
“effectively with marketing, sales 
land engineering personnel. The 
{person selected will lead an 
_| expanding multi-group department 
{in the worldwide development of 
“Tnew industrial biocides — syn- 
“|thesizing and screening new 
“| materials, supporting market and 
{product development and 
“(supervising field studies for a 
| variety of industrial applications. 





| Excellent growth potential. 
“1 Campus-like R&D center in a 
{desirable suburban setting. 
_ | Generous relocation policy. Liberal 
~-| starting salary. 

-| Inquire in confidence by sending 
CN, to: 

| Gene Taylor 


ANDERSON (A) TAYLOR 


P.O. Box 130 
Exton, PA 19341. 
(NW858)A 


YOU’VE GOT A 
BRIGHT IDEA 


FOR NEW BIOLOGICAL OR 
CHEMICAL COMPOUNDS 


WE HAVE THE CAPITAL 
TO DEVELOP NEW DRUGS 


We are not a pharmaceutical firm but a Swiss-based, independant 
financial group which is prepared to let you participate in a capital 
venture for the exploitation of your project. 

Our object: the development of new biological or chemical products 
with previous pharmalogical screening up to the stage of clinical 
= tolerance and efficacy required to permit licensing negociations. 


sateetarmaaanaaveevarerqremmmnintonitsnieiennenineaninditanshaiduleinedAeNRInvennremdemmicmmnlreHenaintnmmintiinincniNTLA RI NENT TTR NANO SCANT HT ana NTENT OT Ne 


To obtain all the information required for initial selection, 
please write in English, French or German to: 
DEBIOPHARM S.A. Petit-Chéne 38 - 1001 LAUSANNE 


(W368)A 





LONDON SCHOOL OF 
HYGIENE AND TROPICAL 
MEDICINE 


(University of London) 


Keppel Street (Gower Str) 
WCIE7HT 


DEPARTMENT OF MEDICAL 
MICROBIOLOGY and 
W H O COLLABORATING CENTRE 
ON VIRAL HEPATITIS 


Applications are invited for two 
posts:- 


1. RESEARCH FELLOW 


to work with Professor AJ 
Zuckerman for up to four years on 
hepatitis B vaccine development and 
production. Wide postgraduate 
experience in virology and tissue 
culture is essential, and knowledge of 
quality control of biological products 
is desirable. 


Salary range £9,750 — £12,860 
plus £967 London Weighting per 
annum. 


2. MEDICAL LABORATORY 
SCIENTIFIC OFFICER 


for development of monoclonal 
antibodies, immunochemistry and 
structural component analysis of 
viruses. Experience in the relevant 
techniques is essential. 


Salary range £4,958 — £5,810 plus 
£859 London Weighting per annum. 
The appointment will be for up to 
three years. 


Applications, consisting of full 
curriculum vitae and naming two 
referees, should be sent to Mr MR 
Morris, Senior Assistant Secretary at 
the School. (9480)A 







of Dr R. J. W. Rees. 


MEDICAL RESEARCH 
COUNCIL 
NATIONAL INSTITUTE FOR 
MEDICAL RESEARCH 
DIVISION OF 
BIOCHEMISTRY 


A three year postdoctoral position is 
available immediately to work on the 
role of glycoproteins in cell surface 
interactions. A strong background in 
cell biology and tissue culture would 
be advantageous. Further informa- 
tion can be obtained from Dr R C 
Hughes (tel: 01-959 3666). 


The salary will be in the range 
£7,290 — £8,925 plus £967 per annum 
London Allowance. 


Applications should be sent to the 
Director, National Institute for 
Medical Research, Mill Hill, London 
NW7 1AA by 2nd October 1981 
quoting reference BCM/4RCH. 

(9453)A 





PRINCE OF WALES 
HOSPITAL 
Applications are invited for the position of 
POST-DOCTORAL FELLOW 


within the Research Laboratories of 
the NSW State Cancer Council’s 
special unit. The unit, located within 
the grounds of the Prince of Wales 
Hospital, Randwick is committed to 
the investigation of cancer patients 
and to a programme of basic 
research. 


We are embarking on a study of 
gene expression and require the 
services of a molecular biologist to 
assist with this work. Candidates 
must hold a PhD in biochemistry/ 
microbiology or cell biology. 
Previous experience with cloning 
techniques and the detection of 
translation products is essential. 


This post, which is available 
immediately, carries an annual 
stipend of A $21,725. Appointment 
in the first instance, will be for two 
years. 

Applications with curriculum vitae 
and the names of three referees 
should be sent to: Dr A R Nash, NSW 
State Cancer Council’s Special Unit 
for Investigation and Treatment, 
Prince of Wales Hospital, Randwick, 
NSW, 2031. Australia. 


Closing date: 31/10/1981. 
(W4i2)A 


MEDICAL RESEARCH COUNCIL 
NATIONAL INSTITUTE FOR MEDICAL RESEARCH 


Head of Laboratory for Leprosy 
and Mycobacterial Research 


The Laboratory of Leprosy and Mycobacterial Research is 
concerned with laboratory studies on leprosy. The Laboratory also 
has a field station near Hyderabad in india where various aspects of 
leprosy in man are being studied. The post of Head of the 
Laboratory will become vacant in September 1982 on the retirement 


The salary will be within the range for the Council’s Special 
Appointments grade, which is equivalent to the universities range 
for Professors, and will include London Weighting. 


Applications and enquiries should be sent to the Director, 
National Institute for Medical Research, Mill Hill, London 
NW7 1AA not later than 9th October 1981. 
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(S452)A 


THE AUSTRALIAN 
NATIONAL UNIVERSITY 


RESEARCH SCHOOL OF 
BIOLOGICAL SCIENCES 


DEPARTMENT OF 
DEVELOPMENTAL BIOLOGY 


SENIOR FELLOW/FELLOW 


Applications are invited from 
suitably qualified persons to a 
tenured appointment for biochemical 
research on developmental processes 
in plants. The work of the other 
groups in the Department focuses on 
plant hormones (especially cyto- 
kinins), ultrastructural ceil biology 
(especially microtubules and cyto- 
skeleton in general), cell physiology 
(calcium levels, intracellular motility, 
intercellular transport), tissue culture 
(cell division, somatic embryo- 
genesis). An appointee is sought who 
will develop a major individual 
research program involving regula- 
tion/membranes/cytoskeleton/re- 
ceptors would be especially ap- 
propriate and the Department is in 
general well equipped for such work. 
Applications should include research 
proposals, names of three referees 
and curriculum vitae. 


Closing Date: 7 November 1981. 


Salary will be in accordance with 
qualifications and experience within 
the ranges: Senior Fellow $A30,994 
—— $436,125 pa; Fellow $423,104 — 
$A30,952 pa. Current exchanges 
rates $Al = £Stg 0.63. Appointment 
will be initially for 5 years, with the 
possibility, after review, of re- 
appointment to retiring age. 


Reasonable travel expenses are 
paid and assistance with housing is 
given for an appointee from outside 
Canberra. Superannuation benefits 
are available for applicants eligible to 
contribute. The University reserves 
the right not to make an appointment 
or to make an appointment by invi- 
tation at any time. 


Prospective applicants should ob- 
tain the further particulars from the 
Registrar, PO Box 4, Canberra, ACT 
2600, Australia, or from the Associa- 
tion of Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WC1H OPP, before submitting appli- 
cations. (9462)A 
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UNIVERSITY OF OXFORD 
CLARENDON LABORATORY 


Postdoctoral Research 


Applications are invited for a postdoctoral position to work on 
projects concerned with the mechanical and defect properties of 
brittle crystals and composites, principally diamond, diamond 


composites and similar very hard materials. The post also involves a 
limited amount of demonstrating. The successful applicant will 
probably hold a research degree in Physics, Engineering Metallurgy 
or Materials Science. The appointment is for two years in the first 
instance, on a salary scale £5,285 — £8,105. 


Applications, which should include a curriculum vitae and 
the names of two referees. should be sent before 16 
September 1981 to Dr J. Wilks, Clarendon Laboratory, Parks 
Road, Oxford OX1 3PU, from whom further aot may be 


obtained. 


THE UNIVERSITY 
OF WOLLONGONG 


Australia 


DEPARTMENT OF GEOLOGY 


LECTURER OR SENIOR 
LECTURER IN GEOPHYSICS 


(Tenurable Position) 


The appointee, in addition to 
teaching geophysics subjects, will be 
required to contribute to teaching in 
other areas which could include 
economic mineralogy and structural 
geology. Experience in exploration 
geophysics, especially applied to 
exploration for coal and hydro- 
carbons, is desirable and the success- 
ful candidate will be expected to take 
an active interest in these fields. 
Geophysical equipment in the 
Department includes gravity meter, 
magnetometer, hammer, seismo- 
graph, resistivity unit, thermal 
probes and logger. Further informa- 
tion may be obtained from Professor 
A C Cook, Chairman, Department 
of Geology, in the University. 


Applicants should possess a higher 
degree and preference may be given 
to someone with industrial research 
experience backed by an appropriate 
record of publication. 


Appointment will be made at the 
lecturer or senior lecturer level 
depending on qualifications and 
experience within one of the salary 
ranges: $A19,821 — 26,037 per 
annum, $A26,593 —— 30,995 per 
annum (under review). Fares to 
Wollongong for the appointee and 
dependants would be paid and a re- 
establishment allowance is payable. 
[tis hoped that an appointment could 
be taken up in January 1982. 


Applications should contain full 
details of qualifications, employment 
history, research intersts, publica- 
tions list, names and addresses of 
three referees, the level at which 
appointment is being sought and date 
of availability if successful. Please 
forward applications to the Univer- 
sity Secretary, The University of 
Wollongong, PO Box 1144, Wollon- 
zong, NSW 2500, Australia, by / 
October 198], with a copy to the 
Association of Commonwealth 
Universities (Appts), 36 Gordon 
square, London WCIH OPF, from 
vhom conditions of appointment can 
je obtained. (9459)A 


9446)A 


GEOPHYSICAL FLUID 
DYNAMICIST/PHYSICAL 
OCEANOGRAPHER 


Applications are solicited for a junior 
faculty position in ocean physics or 
dynamics to begin in the academic 
year 1982-83. Areas of interest to the 
Department include analytical, 
numerical and laboratory modeling 
of physical processes and phenomena 
in the sea. 


Yale University is an equal oppor- 
tunity/affirmative action employer 
and encourages women and members 
of minority groups to compete for 
this position. 


Curriculum vitae, publications, 
and the names of three or more 
referees should be sent by 3/ 
December 1981 to: Robert B Gordon, 
Chairman, Department of Geology 
and Geophysics, PO Box 6666, New 
Haven, CT 06511. (NW845)A 





FACULTY POSITIONS IN 
CELL BIOLOGY 


Applications are invited for several 
tenure-track positions in the newly 
reorganized Department of Cell Bio- 
logy and Anatomy at the North- 
western University Medical and 
Dental Schools. These positions are 
for Assistant Professor and, in 
exceptional cases, for Associate 
Professors. Applicants must have a 
PhD, MD or DDS degree with 
research experience in cell biology, 
molecular biology, structural 
biology, biochemistry or related 
areas. Applicants should be able to 
demonstrate excellence or the 
potential for excellence in their 
respective fields. Successful 
applicants will be expected to carry 
on vigorous research programs and 
to participate in the teaching of 
graduate, medical and dental 
students. 


Send complete curriculum vitae, 
brief description of previous and 
future research and teaching interests 
(three to four pages), and recom- 
mendations from at least three 
referees by 30, October 1981 to: Dr 
Robert D Goldman, Chairman, 
Department of Cell Biology and 
Anatomy, Northwestern University 
Medical and Dental Schools, 303 
East Chicago Avenue, Chicago, 
Illinois 60611. Northwestern 
University is an Equal Opportunity 
Affirmative Action Employer and 
invites applications from all qualified 
individuals. (NW848)A 


AGRICULTURAL RESEARCH COUNCIL 
FOOD RESEARCH INSTITUTE 
Scientific Services & Development Division 


BIOMETRICIAN 
(Temporary Post) 


SCIENTIFIC OFFICER/ 
HIGHER SCIENTIFIC OFFICER 


A Scientist is required to join the Poultry & Eggs Group to undertake 
work on the application of mathematical modelling techniques to the 
prediction of shelf-life for poultry and poultry meat products stored. 
under chill conditions. The appointment, which will last for two years, is 
funded by a short term grant from the Ministry of Agriculture, Fisheries 


and Food. 





QUALIFICATIONS: A first or upper second class Honours degree in 6 
Mathematics with appropriate training in statistics and preferably : 
experience in biometrics. A minimum of two years post qualifying 
experience will be required for HSO grading and a PhD will be preferred. 


SALARY: On a scale £5,176 — £6,964 (SO), £6,530 — £8,589 (HSO}. 


Further particulars and application form from the Secretary, 
Food Research Institute, Colney Lane, Norwich NAA JUA 
quoting ref 81/49. Closing date: 18th September 1981. (457)A 


UNIVERSITY OF BRISTOL 
DEPARTMENT OF PHYSIOLOGY 
RESEARCH ASSISTANT 


Applications are invited for a 
Research Assistantship. (Range 1A) 
funded by an MRC Programme 
Grant entitled “‘Mechanisms of 
Trigeminal Pain’’. The post offers 
opportunities for both neuro- 
anatomical and neurophysiological 
research., 


Applications, with the names of 
two referees, should be sent to 
Professor B Matthews, Department 
of Physiology, University of Bristol, 
Medical School, University Walk, 
Bristol BS8 ITD, to arrive by 15th 
September. (9442)A 


UNIVERSITY 
OF LEICESTER 


DEPARTMENT OF 
BOTANY 


RESEARCH ASSISTANT 


Applications are invited for the post 
of Research Assistant to study the 
cytological behaviour of artificial 
hybrids in the grass genus Festuca. 
The work is N E R C-funded and is 
part of an investigation into the 
ancestry and evolutionary relation- 
ships of fine-leaved fescues. It will 
involve a range of cytological 
techniques, and some experience in 
this field is essential. The appointee 
will not be involved in the synthesis of 
further hybrid plants. The appoint- 
ment will be for three years in the 
salary range £5,285 to £7,700. 


Candidates should already have an 
Honours Degree in an appropriate 
biological or agricultural discipline 
and should send their applications, 
together with their curriculum vitae 
and the names of two referees, as 
soon as possible to Dr C A Stace, 
Department of Botany, University of 
Leicester, Leicester LEI 7RH. 

(9482)A 


l 
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UNIVERSITY OF 
MELBOURNE 
LECTURESHIP 
(CONTINUING) IN 


VETERINARY 
PRECLINICAL 
SCIENCES 
in the 
FACULTY OF 


VETERINARY SCIENCE | 


Applicants for this position should |) 
hold a degree in Veterinary Science | 
or an equivalent qualification. The | 
is tenable from fst}. 
December, 1981 or as soon there- 


positicn 


after as possible, 
Salary within the range A$19,821 


~~ A$26,037 per annum. An ap- | SE 


pointee and dependants fram inter-. 
state or overseas will be eligible for. 


travel and removal expenses. The 
appointee will be required to 
contribute to the Academic Start. 


Retirement Fund, 


Further information, including: 
details of application procedure and. 
conditions of appointment, is avail. 


abie from the Staff Officer. 


Applications referring to position 
number 260 010 should bel 


addressed to the Staff Officer, 
University of Melbourne, Parkville, 


Victoria, 3052, Australia, and close | © 


on 31st October, 1981, 


All applications for appointments | 


should be addressed to the Staff 
Officer, University of Melbourne, 


Parkville, 3052, Victoria, Australia. | 


(9443) A 














PUBLIC HEALTH LABORATORY SERVICE BOARD 
iRe-advertisement) 

PHLS CENTRE FOR APPLIED 
MICROBIOLOGY AND RESEARCH 
THERAPEUTIC PRODUCTS 
LABORATORY 
BASIC GRADE BIOCHEMIST 


Salary on the scale £5,129 — £7,537 


-A vacancy exists for a graduate in Chemistry or Biochemistry in the 
-Therapeutic products Laboratory of the Centre, to devise and carry 
out analyses on biological materials in support of the production and 


E research activities of the Centre. The work currently includes 


enzyme assay, atomic absorption spectrophotometry and amino 
acid analysis. Applicants should have a degree with a prominent 
chemistry content, a broad interest in analytical work and an 
aptitude for innovation. 


The successful candidate will be appointed as a BASIC GRADE 
BIOCHEMIST. 


-Further information may be obtained from the Head of the 
Analytical Section, Mr. J. Slade, to whom the appointed person will 
be responsible, or to Dr. H. E. Wade, Director of the Laboratory. 


NHS Terms and Conditions of Service. 
Applicants should forward a Curriculum Vitae and include 


= the names and addresses of three referees to: Mrs. M. 


Bushby, Personnel Officer, PHLS Centre for Applied Micro- 
biology and Research, Porton Down, Salisbury, Wiltshire 
SP40JG. Closing date 25th September 1981. (9455) 4 


LECOLE POLYTECHNIQUE FEDERALE DE LAUSANNE 
met au concours un poste de 
Professeur en Optoelectronique 
4 l'institut de physique appliquée de son Département de physique. 

Délai d'inscription: 31 octobre 1981. 
Entrée en fonctions: 1er septembre 1982 ou à convenir. 


Les personnes intéressées voudront bien demander le dossier relatif 
à ce poste à la: 


Direction Administrative de l'Ecole Polytechnique Fédérale de 
Lausanne, 33, Avenue de Cour, 1007 Lausanne, Suisse. (W411A 





COMMISSION OF THE EUROPEAN COMMUNITIES 
JOINT RESEARCH CENTRE 


Central Bureau for Nuclear Measurements, 
Geel, Beigium 


SCIENTIFIC OFFICER 
INORGANIC ANALYTICAL CHEMISTRY 


We are looking for a young chemist with an interest to work on 
the development and application of mass spectrometry for 
precise analytical measurements. The appointee will become a 
key member of a team dedicated to the establishment of primary 
Reference Materials for Isotopic Composition and Isotope 
Dilution measurements in the nuclear field for the European 
Community. He/she will have a highly dedicated sense for care in 
precision experimental work and in the first instance will be 
expected to specialize in the chemical techniques required to 
prepare samples for high precision measurements with mass 
spectrometers. 

A good basic degree qualification in chemistry is essential and 
some post graduate experience in radiochemistry or inorganic 
analytical chemistry would be useful. Since this appointment is in 
the A-grade category, the applicant will also need to display a 
potential to initiate and direct research in the analytical field. 

A thorough knowledge of one Community language as well as a 
satisfactory knowledge of one other Community language are 
required. 

The commencing net emoluments will be within the range Bfr. 
70,000 — 105,000 per month. 

Application forms and further particulars may be obtained 
from: The Personnel Office, Central Bureau for Nuclear 
Measurements, Steenweg naar Retie, B-2440 Geel, 
Belgium. (W410)A 
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THE STANFORD Synchrotron 
Radiation Laboratory has an 
opening for a Sr. Research Associate 
or Adjunct Professor in the field of 
vacuum ultraviolet and soft x-ray 
science, Major responsibilities 
include working with users in devel- 
opment, maintenance and charac- 
terization of SSRL’s experimental 
stations. The scientist will have 
opportunities for research utilizing 
synchrotron radiation in such areas 
as solid-state sciences, chemical 
physics, physical optics, semicon- 
ductor surface and interface funda- 
mentals and applications, utilizing 
photo-emission, surface EXAFS, 
gas-phase molecular spectroscopy or 
time-resolved spectroscopy. 
Experience with ultra-high vacuum 
techniques is necessary; familiarity 
with the operations of a synchrotron 
radiation laboratory desirable. Write 
by October 15, 1981: I Lindau, 
SSRL, Bin 69, PO Box 4349, 
Stanford, CA 94308. (NW861)A 





UNIVERSITY 
COLLEGE LONDON 


POSTDOCTORAL 
RESEARCH ASSISTANT TO 
WORK ON 
PHARMACOLOGICAL 
BASIS OF ACUTE 
ALLERGIC REACTIONS 


Applications are invited for this 
position in the Department of 
Chemistry. Appointment from 
1 October 1981 or as soon as possible 
thereafter, will be up to three years. 
Salary range £6,070 to £6,880 plus 
£967 London Allowance, USS. 


The post, financed by the MRC, is 
for work on the changes in cyclic 
nucleotides and membrane lipid 
metabolism involved in mast cell 
activation. Applications, including a 
curriculum vitae and names of two 
referees, should be sent to Dr FL 
Pearce, Department of Chemistry, 
University College London, 20 
Gordon Street, London WCIH OAJ. 

(9479A 





IMMUNOLOGISTS 


immunologists needed by expanding 
biomedical R & D firm to work on 
development of immunomodulators 
for clinical application, and studies 
of their structure and function. Must 
be experienced with techniques for 
isolation of lymphoid cell popula- 
tions, measurement of surface 
makers and measurement of in vitro 
parameters of cell mediated 
immunity. 


Requires MD or PhD degree with 
minimum of 2-3 years postdoctoral 
experience in cellular immunology. 
Cell sorter and hybridoma experience 
highly desirable. Attractive salary 
and benefits in one of America’s most 
interesting cities. Positions available 
immediately. 


Send curriculum vitae and names 
of three references to: Ms D DeLong, 
Imreg Inc, PO Box 56643, New 
Orleans, La. 70156.  (NW856)A 


3 September 1981 


























POSTDOCTORAL 
RESEARCH POSITION 
available for studies on gene 
regulation in eukaryotes using 
Xenopus globin, albumin or 
vitellogenin genes as model 
systems. A strong background 
in cell and molecular biology as 
well as experimental skill are 

essential. 


The post is funded by a research 
grant, and the appointment will 
be for one year from November 
Ist, 1981 with the possibility of 
extension. Salary about 
SwFr45,000 per annum. 


Send a curriculum vitae and the 
names of three referees to: 
Prof. R. Weber, Zoologisches 
institut, Sahlistrasse 8, 
CH-3012 Bern (Switzerland). 
(W415)A 


GUY’S HOSPITAL MEDICAL 
SCHOOL 


DEPARTMENT OF 
MEDICINE 


POST-DOCTORAL 
RESEARCH ASSISTANT 


required, at a maximum initial salary 
of £8,105 per annum plus £967 per 
annum London Allowance, to work 
with Dr R A C Hughes, starting as 
soon as possible for the remainder of 
a Medical Research Council Project 
Grant expiring 18th April 1983. 
Work involves immunological 
investigation of human and experi- 
mental allergic neuritis. Previous 
experience of cellular immunology 
desirable. 


Applications with curriculum vitae 
and the names of two referees should 
be sent to the Secretary, Guy’s 
Hospital Medical School, London 
Bridge, SE! 9RT, from whom 
further details may be obtained. 
Please quote Ref. NR. (9472)A 





LONDON SCHOOL OF 
HYGIENE & TROPICAL 
MEDICINE 
(University of London) 
Keppel Street, Gower Street, 
London WCIE 7HT 
DEPARTMENT OF ENTOMOLOGY 
MEDICAL LABORATORY 
SCIENTIFIC OFFICER 


to work on in vitro studies oi 
onchoceriasis supported by fund 
from the Medical Research Counci 
for a period of up to 3 years from Is 
October 1981. Formal qualification 
of HNC, degree or equivalent ar 
required, and candidates should hav 
experience of working in the fields o 
tissue culture or parasitology. Som 
knowledge of electron microscop 
would be useful but not essential. 


Salary £5,204 (under review). 


Apply in writing with full detai 
and the names of 2 referees t 
Assistant Secretary by 18i 
September 1981. (9449)A 
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SCIENCE GRADUATES 
Become a Medical Rep. 


Men and women aged 21-30 
with a Science Degree or 
ONC/HNC/‘A’ levels in 
Science, drive, personality and 
ability are needed by major 
{ companies throughout the 
| country. | 
Salaries are up to £6,500, plus 
| car and benefits. 
Telephone NOW (out of hours 


answering service) for more 
information and a local 


interview. 
0256 55955 


Sutcliffe 
Selection 


9 Victoria Street, 
Basingstoke, Hants. 





‘UNIVERSITY 
OF STIRLING 
BIOCHEMISTRY DEPARTMENT 
GRADUATE RESEARCH 
ASSISTANT 


Applications are invited for the post 
of research assistant (ARC funded) 
to collaborate with Dr J S Grant Reid 
in a study of polysaccharide meta- 
bolism.in agricultural lupin seeds. 
Candidates. should have a good 
honours degree in Biochemistry, 
Botany or Agricultural Science. The 
post is tenable for three years: salary 
on the 1B scale £5,285 to £7,700. 


= Applications, including cv and the 
names of two referees, should be sent 
to the University Secretary, 
University of Stirling, STIRLING 
FK9-4LA; Tel. 3171 ext 2314. Closing 
date: 15 September 1981. (9474)A 





POSTDOCTORAL RESEARCH 
ASSOCIATES 


Applicants are invited for one or 
more years of research to analyze 
(1} the oriantation and catalytic 
interactions of proteins in 
membranes using monoclonal 
antibodies as probes of protein 
Structure, or (2) the relationship of 
diffusional rates to the kinetics of 
catalytic interactions of proteins in 
membranes using fluorescence 
recovery after photobleaching. 
Approaches also include cell 
hybridization, membrane recon- 
Stitution, membrane fusion, diffe- 
rential scanning calorimetry, dual 
beam — dual wavelength 
spectrophotometry, freeze- 
fracture electron microscopy, 
X-ray and electron diffraction. 
Salary range $14-20,000. Send 
curriculum vitae, bibliography, 
short description of current 
research, and names of three 
references to: Prof. Charles R. 
Hackenbrock, Director, Labo- 
tatories for Cell Biology, 111 Swing 
Building 217H, School of Medicine, 
University of North Carolina, 
Chapel Hill NC 27514 USA. 

Equal Opportunity Employer. 
a (NW857)A 






































UNIVERSITY OF BRISTOL 
POSTGRADUATE 
RESEARCH ASSISTANT 


An opportunity exists for a recent or 
experienced graduate to join an 
active research group engaged in 
studies on the hormone relaxin. The 
post, which is supported by a 3 year 
grant from the ARC, will involve the 
purification of relaxin and an 
examination of its role in parturition 
in the sow and the ewe. 


The salary will be in the range 
£5,285 — £7,700 and the successful 
applicant will be expected to register 
for a higher degree. 


All applications, enclosing a full 
curriculum vitae, together with the 
names and addresses of two referees 
should be sent to Professor D G 
Porter, Pre-Clinical Veterinary 
Studies, Department of Anatomy, 
The Medical School, Bristol BS8 
ITD, from whom further particulars 
of the post can be obtained. 

(9465)A 





YALE UNIVERSITY 
DEPARTMENT OF GEOLOGY 
AND GEOPHYSICS 


Applications are solicited for a 
faculty position in solid earth 
geophysics to begin in the academic 
year 1982-83. Areas of interest to the 
Department include seismology, ex- 
ploration geophysics, mechanical 
and physical properties of rocks and 
minerals, geomagnetism, and tec- 
tonophysics. 


Yale University is an equal oppor- 
tunity/affirmative action employer 
and encourages women and members 
of minority groups to compete for 
this position. 


Curriculum vitae, publications and 
the names of three or more referees 
should be sent by 37 December 198] 
to Robert B Gordon, Chairman, 
Deparment of Geology and Geophy- 
sics, PO Box 6666, New Haven CT 
O65 11, (NW846)A 





UNIVERSITY OF 
KENT AT CANTERBURY 


BIOLOGICAL 
LABORATORY 
Applications are invited for a post of 
POST-DOCTORAL 
RESEARCH FELLOW 


in a research group led by Dr K Gull 
working on the synthesis of tubulin 
during the cell cycle of Physarum 
polycephalum. 


Candidates should have experience 
in RNA or protein biochemistry. The 
post will be funded by the SERC and 
technical assistance will be available. 


Salary scale — £6,070 to £10,575, 
Application forms and particulars 
may be obtained from the Senior 
Assistant Registrar, Faculty of 
Natural Sciences, Chemical 
Laboratory, The University, 
Canterbury, Kent CT2 7NH to whom 
completed applications should be 
returned by 2 October 1981. Please 
quote ref. A31/81N. 475A 
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Exploration Ge 
or 
Pleistocene Geologist 


Exploration Geochemis* 

The Mineral Resources Division of the Nova Scotia 
Department of Mines and Energy requires a Senior | 
Research Scientist in the field of exploration |. 
geochemistry to undertake field oriented programs in |- 
stream, lake, till and soil geochemistry. Experience: 
and a good publication recorc in exploration. 
geochemistry combined with a knowledge of 
Statistics and computing would be advantageous. 


Pleistocene Geologist 

The Mineral Resources Division of the Nova Scotia 
Department of Mines and Energy requires a Senior 
Research Scientist in the field of Pleistocene geology | 
to undertake a program of systematic mapping of the 
surficial deposits of Nova Scotia. Experience and a 
good publication record combined with a knowledge 
of the application of Pleistocene geology to mineral 
exploration and exploration geochemistry would be | 
advantageous. 


Please note that there is only one vacancy. It will be 
filled with either an Exploration Geochemist or a 
Pleistocene Geologist. 


Candidates should have a PhD and related experience. 
The successful candidate will form part of an active 
group of geologists promoting mineral exploration in 
Nova Scotia. The current all time high level of 
exploration activity in Nova Scotia makes this an | 
extremely attractive opportunity. 
i 


SALARY RANGE: $31,429 to 37,178. Full Civil 
Service Benefits. Competition is open to both men 
and women. Please quote competion number 81-338. 


Application forms may be obtained from and 
should be returned to the Nova Scotia Civil 
Service Commission, P.O. Box 943, Halifax. 
Nova Scotia B3J 2V9, or from s 
the Provincial Building, 
360 Prince Street, Sydney, 
Nova Scotia 
B1P 5L1. 


(NW864)A 






MOLECULAR BIOLOGY 


The Microbiology Department at Case Western Reserve University 
invites applications for several tenure-track faculty positions. We 
encourage applications from candidates with strong credentials in 
Molecular Biology, especially in areas relating to the regulation of gene 
expression. Experience in recombinant DNA techniques is desirable. 
These appointments provide excellent opportunities to develop 
independent research and teaching programs im an expanding medical 
Sc hool department. Send curriculum vitae, a statement of research and 
teaching interests and the names of four seferences to Dr Fritz 
Rottman, Chairman, Department of Microbiology, Case Western 
Reserve University, Cleveland, Ohio 44106. An Equal 
Opportunity/ Affirmative Action Employer. (NVWB47) 4 

























MEDICAL RESEARCH COUNCIL 
VIROLOGY UNIT 
INSTITUTE OF VIROLOGY 
UNIVERSITY OF GLASGOW 


instance. 





CAREER (TENURE) OR SHORT TERM (3-5 YEARS) 
APPOINTMENT VIRUS GENETICIST/MOLECULAR 
GENETICIST. 

Applications are invited for this Non-Clinical Scientific post which may 
be filled by either an MRC Career appointment (tenure to normal retiring 
age) or a Short-Term appointment of three (to five) years according to 
‘the age and experience of the successful candidate. A career 
‘appointment will be tenable at the MRC Virology Unit in the first 


-| = The Institute of Virology is seeking a senior scientist or alternatively a 
| post-doctoral scientist with experience in Molecular Genetics, 
preferably (but not exclusively) with interests in herpesvirus and/or 
virus-specified enzymes. The appointment provides a unique 
opportunity to participate in a comprehensive and multi-disciplinary 
. {+ research programme centred on the Genetics and Molecular Biology of 
| Herpesviruses. The Institute provides excellent facilities and technical 
‘|. support for all types of biological, biochemical and recombinant DNA 
{| research. The successful applicant will be expected to collaborate with 
“other members of the Institute whilst pursuing a vigorous and 
independent research programme within the general framework of 
research on herpesviruses as agreed with the Director. 


<. Remuneration will be at an appropriate point on the scales for 
University non-clinical Academic staff. Applicants should send a 
Curriculum Vitae giving full details of qualifications and experience and 
the names and addresses of three professional referees, to the MRC 
Unit Director, Professor J H Subak-Sharpe, Institute of Virology, 
University of Glasgow, Church Street, Glasgow G11 SJR. Applications 


should be received by Friday, 11th September, 1981. 


(9485)A 
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THE MACAULAY 
INSTITUTE FOR SOIL 
RESEARCH 


DEPARTMENT OF 
SOIL FERTILITY 


SOIL PHYSICIST 
Applications are invited for a 
SCIENTIFIC OFFICER/ 

HIGHER SCIENTIFIC 
OFFICER 


: to engage in research on soil structure 


<- with particular reference to the main- 
tenance and stabilization of optimal 
< conditions for root growth. Candi- 
~ dates should possess a First or Upper 


Second Class Honours degree, or a 
= higher degree, in physics, engineering 


=o or a related science, and have an 


me aptitude for instrumentation and/or 
~ computing.; At least two years’ 


= relevant post-graduate work is 


-© required for appointment as Higher 
< Scientific Officer. 

- Salary £5,176 to £6,964 (Scientific 
= Officer) or £6,530 to £8,589 (Higher 
-: Scientific Officer) per annum 
<- according to qualifications and 
experience. Non-contributory super- 
annuation scheme operative. 


Forms of application and further 
information may be obtained from 
The Secretary, The Macaulay 
Institute for Soil Research, Craigie- 
buckler, Aberdeen, AB9 2QJ, to 
whom they should be returned by 21 
September 1981. Quote Ref. 81/6. 

(9473)A 


UNIVERSITY 
OF TEXAS 
at Austin 


DEPARTMENT OF 
ZOOLOGY 


SIX FACULTY POSITIONS 


are available for the 1982-83 
academic year. Applications will be 
considered for all academic levels. 
The successful applicants will be 
chosen from among: 


EUCARYOTIC GENETICS 
EUCARYOTIC CELL BIOLOGY 
NEUROBIOLOGY 
ENTOMOLOGY 
VERTEBRATE 
POPULATION BIOLOGY 
EVOLUTIONARY BIOLOGY 


or outstanding candidates in related 
areas. Coordinated applications are 
encouraged. Clear designation of 
position desired will be appreciated. 
Successful candidates will be 
expected to have demonstrated com- 
mitment to quality teaching and a 
vigorous, independent research 
program. 


Please submit curriculum vitae 
{including biographic data), short 
statement of research objectives, 
names of at least 5 referees, and 
selected reprints to Clark Hubbs, 
Department of Zoology, University 
of Texas at Austin, Austin, Texas 


78712 USA, before 1 November | 


1981. (NW844)A 


| 
| 
| 
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Assistant 
Professor 


The Department of Biochemistry, 
SUNY Stony Brook is seeking can- 
didates for a tenure track position at 
the Assistant Professor level for 
September, 1982. The candidate 
will be expected to conduct and 
active, independent and productive 
research program and to participate 
in the teaching activities of the 
department. Candidates with re- 
research interests in Physical 
Biochemistry, Enzymology and 
other areas of Biochemistry and 
Molecular Biology are encouraged 
to apply. Application deadline is 
January 1, 1982. Send résumé to: 
Dr. R. Sarma, Chairman, Search 
Committee, Department of Bioche- 
mistry, SUNY Stony Brook, Stony 
Brook, NY 11794. SUNY Stony 
Brook is an equal opportunity/ 
affirmative action employer. AK 
145C. (NW863)A 


ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(University of London) 
GRADUATE BIOCHEMIST 


required in the Academic Depart- 
ment of Medicine, Royal Free 
Hospital, Hampstead to collaborate 
in studies of glycoprotein recognition 
systems in the liver. Experience in 
separation, modification and radio- 
labelling of proteins desirable, Two 
year appointment. Starting salary up 
to £5,150 per annum plus £967 
London Allowance. 


Further information can be 
obtained from the School Secretary, 
RFHSM, 8 Hunter Street, London 
WCIN IBP. (01-837 5385 ext 54), to 
whom cv with names of two referees 
should be sent. Please quote 
reference MU/B. Closing date: 18 
September 1981. (9469)A 


RP ALR RIS GOST ANTONE EONS TNT ESOL LS EDEN LETTER 


The Research Division 
of the 
Joslin Diabetes Centre 

is undergoing reorganization 
and expansion providing a 
unique opportunity for those 
interested in basic and clinical 
research in diabetes and related 
disorders. Positions are now 
available for individuals (MD 
and/or PhD) who could sustain 
a creative program in one of 
several areas including: !m- 
munology/ Virology; Eukaryotic 
Molecular Genetics; Biology of 
Blood Vessels; tsiet Cell Trans- 
plantation/ Phsyiology. Start up 
salary and research support 
available. Individuals will also 
have appropriate appointments 
at Harvard Medical School and 
The Brigham and Women's 
Hospital. 
Please send an updated curricu- 
lum vitae and names of 3 re- 
ferences to: Dr. C. Ronald 
Kahn, Research Director, Joslin 
Diabetes Center, One Joslin 
Place, Boston, MA 02215. 
The Joslin Diabetes Center is an 
equal opportunity and affirm- 
ative action employer. 

(NW880)A 


nel 
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ANALYTICAL FACULTY 
positions -- Professor, Associate, 
and/or Assistant Professor. Any 
level, tenure track. Excellent 
opportunity to shape future of 
Division. Candidates with strong 
record in both research and teaching 
are invited to apply. Any research 
area, although areas complementary 
to present faculty preferred. A 
complete résumé, a brief outline of 
present and proposed research, a list 
of extramural funding for the past 
five years (Professor and Associate 
Professor candidates only) and three 
letters of recommendation should be 
sent to James L. Anderson, Depart- 
ment of Chemistry, University of 
Georgia, Athens, GA 30602. 
Deadline for Full Professor 
applications is October 9, 1981. 
Deadline for Associate and Assistant 
Professor applications is November 
30, 1981. The University of Georgia 
is an Equal Opportunity/ Affirmative 
Action Institution. (NW842)A 





SYRACUSE UNIVERSITY 
DEPARTMENT OF GEOLOGY 
FACULTY POSITIONS IN 
EARTH SCIENCE 


Applications are invited for 4 tenure- 
track positions at the level of assistant 
professor to be filled after January 
1982. Outstanding applicants from 
all areas of earth science will be 
considered. Candidates specializing 
in low-T aqueous geochemistry, 
structure/tectonics, solid-earth 
geophysics, or chemical sedimento- 
logy are particularly welcome. 


Send letter of application including 
vita, statement of research and teach- 
ing interests, and names of 3 
references to John Dickey, Chairman, 
Department of Geology, Heroy 
Geology Laboratory, Syracuse 
University, Syracuse NY 13210 USA. 
Applications will be accepted until 
these positions are filled. Syracuse 
University is an Equal Opportunity/ 
Affirmative Action Employer. 

(NW8S51)A 





THE UNIVERSITY OF LEEDS 
DEPARTMENT OF GENETICS 
Applications are invited for a post of 
PRE-DOCTORAL RESEARCH 
ASSISTANT 
in the above department for work 
on a study of the control of 
secondary metabolism in Strep- 
tomyces as exemplified by amino- 
glycoside antibiotic synthesis, 
using biochemical and genetic 
(including eventually cloning) 
methods. The post is available from 
October 1981 for a fixed period of 
up to 3 years. A good honours 
degree in biochemistry, genetics or 
microbiology, or some equivalent 
qualification is required. 
Initial salary within the range £5,285 
l — £6,070 on the IB Range for 
Research and Analogous Staff 
(£5,285 — £7,700). 
informal enquiries may be made to 
Dr S Baumberg, Department of 
Genetics. (Telephone Leeds (0532) 
31751 ext 597). 
Application forms and further part- 
iculars may be obtained from the 
| Registrar, The University, Leeds 
LS2 9JT, quoting reference 
number 50/9/D. Closing date for 
applications 25 September 1981. 
(9445)A 
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UMIST 
DEPARTMENT OF 
CHEMISTRY 
POST-DOCTORAL RESEARCH 
ASSISTANT 
Structure and Function of 
Metalioenzyme Active Sites 
REF: CH/119/Al 
Applications are invited from 
chemists, biochemists or biophy- 
sicists for this SERC supported 
post, tenable for three years, to 
investigate the Structure and 
Catalytic Mechanism of copper 
containing enzymes and in part- 
icular the neurologically important 
enzyme dopamine-&-hydroxylase. 
The project will use EPR spectro- 
scopy at 9 and 35 GHz in conjunc- 
tion with stopped flow kinetics to 
test various proposed active site 
structures and catalytic mecha- 
nisms for dopamine-&-hydro- 
xylase. Comparison with other 
oxygen utilising copper proteins 
and model compounds will be 
undertaken aimed at furthering the 
understanding of multielectron 
transfer mechanisms in this class of 
oxygenases. Experience with 
general enzyme isolation and 
handling procedures and/or tech- 
niques such as EPR and stopped 
flow kinetics although not essential 

would be an advantage. 

Salary will be within a range up to 
£8,105 per annum. 

Letters of application, quoting the 
above reference and including the 
names of three referees should be 
addressed to Dr N J Blackburn, 
Department of Chemistry, UMIST, 
PO Box 88, Manchester M60 10D, 
from whom further particulars are 
available. (9444) A 





A POSTDOCTORAL 
FELLOW/RESEARCH 
ASSOCIATE 

is sought for work in the Lions’ 
Sight Centre to undertake an ex- 
ploratory study on the etiology, 
pathogenesis, and possible pre- 
vention or cure, of progressive 
myopia. The project will require a 
thorough search of medical 
literature, leading to a proposal for 
specific studies on myopia in 
human subjects or animal models. 


One or more of these studies will | 


then be carried out as a pilot 
project, under the direction of Drs. 
Arthur Spira and William Stell of 
the Sight Centre. 
Salary of $17,000 and reasonable 
operating costs will be provided 
from a private donor for one year; 
continuation will depend upon 
achieving success in pilot studies 
and obtaining continuing support 
from other sources. 
Applicants may obtain further in- 
formation, and apply by submitting 
Curriculum Vitae and three letters 
of reference to: 

Dr. Arthur W. Spira, 

Lions’ Sight Centre, 

c/o Lincoin-McKay 

Development Co. Ltd., 
Suite 614, 816 — 7th 
Avenue, N.W. 

Calgary, Alberta, Canada 

T2P 1A1. 

Tel: (403) 284-6894. 

(NW855)A 
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hOllscoile Gaillimh 


IRELAND 
INTERNATIONAL 
SYMPOSIUM ON GENETICS 
N 


i 
AQUACULTURE 


Galway, Ireland 
March 29th to April 3rd 1982 


The aim of the symposium is to 
provide a forum for the presenta- 
tion and exchange of information 
on all genetic aspects of aquatic 
organisms at present being 
cultivated, or which have potential 
for cultivation. Studies on wild 
populations will be included in so 
far as they may have relevance to 
current or potential aquaculture 
activities. Freshwater and marine 
species of finfish, mollusca and 
crustacea will be encompassed. 
The symposium aims to identify the 
present status of genetics in the 
artificial production of aquatic 
organisms, to assess its potential 
and to make positive recommenda- 
tions aimed at fostering the 
realisation of this potential. The 
proceedings of the symposium will 
be published in book form by an 
international publisher. 
Participation and papers are invited 
from scientists and aquaculturists 
from all regions and all appropriate 
disciplines. 

For further details and information, 
contact; Genetics in Aquaculture, 
Symposium Office, University 
College, Galway, ireland. Tele- 
phone: (091) 7737. Telex: 28823 
UCG El. (9463)M 






HERRIOT WATT 
UNIVERSITY 
PHYSICS DEPARTMENT 


RESEARCH ASSOCIATE 
Applications are invited for a 
postdoctoral appointment in the 
area of “Optical Bistability In 
Semi-Conductors Using Ultra 
Short Pulses”. 


Since many of the intended 
experiments make use of either a 










locked Nd:YAG laser together 
with parametric down conversion 
experience with such lasers, or 
with picosecond nonlinear optics, 
would be of great advantage. The 
successful applicant would be 
expected to take responsibility for 
a part of the research programme 
in this new and potentiaily vital 
area of nonlinear optoelectronics. 


informal enquiries can be made to 
Doctor M J Colles, Department 
of Physics, Herriot Watt 
University, Riccarton, Edinburgh 
EH14 4AS (Tel. 031-449 5111 ext 
2341) and application forms are 
available from The Staff Officer, 
Herriot Watt University, 
Chambers Street, Edinburgh EH1 
1HX Quoting Ref No 26/81. 

(9484) A 
























pulsed CO2 laser or a mode | 


SEMINARS and SYMPOSIA 


THE FOURTEENTH MIAMI 
WINTER SYMPOSIUM 


11-15 JANUARY 1982 


“FROM GENE TO PROTEIN: - 
TRANSLATION INTO BIOTECHNOLOGY” 
Sponsored by 
The Department of Biochemistry, 
University Miami 
an 
The Papanicolaou Cancer Research Institute 








The 14th Miami Winter Symposium will be devoted to the frontierareas . | 
of genetic experimentation with especial reference to the translation of fF 
laboratory processes into practical applications eg. ceil culture oj 
techniques, monoclonal antibodies, in vitro synthesis of DNA and the 

generation of protein analogs, increasing the levels of gene expression, © | 
cloning into eucaryotic cells, the biological activities of cloned gene | 3 
products and horizons in biotechnology. Oe 


The Lynen Lecturer will be César Milstein 
The speakers will include: R. Axel, D. Botstein, MUH. Caruthers. 
C.M. Croce, A.C. Cuello, J.A. Galloway, D.H. Gelfand, D.V. Goeddel, 
M.P. Gordon, J.U. Gutterman, R.F, Hardy, H. Heyneker, P. Hung, 

K. Itakura, S.L. Kaplan, R.H. Kennett, P. Leder, A.C. Mulligan, © | 
R. Palmiter, S. Rose, G. Sato, M.D. Scharff, N. Stebbing, G.S. Stein, 
J.L. Strominger, W.G. Thilly and S. Turner. 
The poster sessions will concentrate on developments in the above area 

and biotechnology in general. The deadline for submitting abstracts is, 

16 October 1981. Abstracts must be typewritten within a 5 x 8 inch 


grid. 


The registration fees are: Standard fee — $250: Non-profit or federal 
institution — $125; graduate students $30. 


Copies of the program and reservation forms may be obtained from: 


MIAMI WINTER SYMPOSIA 
P.O. Box 016129 
Miami, Florida 33101, U.S.A. 


TOPEXPRESS LIMITED 
Scientific and Computer 
Consultants 
seek 
APPLIED SCIENTISTS 


to work in the areas of acoustics or 
theoretical oceanography. First class 
theoretical or experimental research 
experience is necessary. Salary 
negotiable. 


Applications with curriculum vitae 
and names of two referees to: Dr 
J Woodhouse, Topexpress Limited, | 
Portugal Place, Cambridge CBS 
SAF. (9454)A 


| 
MISCELLANEOUS 


ALBERT EINSTEIN, great scientist 
referring French scientists said, 
“Everything that they learned up to 
the age of eighteen is believed to be 


| 


experience. Whatever they hear | 


about later is theory and 
speculation." Page 239 of 
“Einstein” by B. Kuznestov. Late 
Heisenberg commented on it, 
Persons who have the more details 
about quotation may send to K K 
Rao, I-C, E-176, Khetri Nagar, 
INDIA, 333 504. (W417)J 


(NW854)M 


ANNOUNCEMENTS 


aeee N: 


THE ROYAL SOCIETY i 
TRAVEL GRANTS FROM - 
THE PARLIAMENTARY 

GRANT-IN-AID 3 
Notice is hereby given that the 
following closing dates will apply in’ 
respect of applications for travel 
grants: | October and | December 
1981, 1 March, 1 June, | October and 
1 December 1982. Grants a 










Carlton House Terrace, London 
SWIY 5AG (01-839 5561 ext 222 
Grants are only available to scientists 
of at least PhD status who are- 
ordinarily resident in the UK and are © 
not in the employ of government or = 
research council institutions. 


For certain major conferences | 
there may de special closing dates and 
those who may wish to apply should - 
inquire as far in advance as possible, - 
and in requesting forms should — 
indicate the meeting they wish to > 
attend, (9436)G 





Announcements 
continued on page xxxiv 






z ; Date: 
Chairman: 
- Co-Chairmen: 


Other Speakers: 


E Location: 
= Contact: 


E . Attendance Fee: 


Topics: 


Abstract: 
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THE INDUSTRIAL LIAISON PROGRAM OF THE 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
PRESENTS A COLLOQUIUM ENTITLED 


<- “Microcapsules and Microcarriers 


in Biotechnology” 


October 15, 1981 

Professor Robert 5. Langer, Jr., MIT 
Professors Marcus Karel, Alexander Klibanov, 
Wiliam Thilly, MIT 

Professor E. Katchaiski-Katzir 

Weizmann Institute of Science 

Professor D. Papahadjopoulos 

University of California, San Francisco 
Professor T. Chang, McGil University 

J. Salk, M.D., Salk institute 

MIT Kresge Auditorium, Carnbridge, MA 02139 
Maria Clara V. Suva Martin 

industrial Liaison Program 

Tel: (677) 253-2691. Telex: 921473 

Industrial Liaison Program (ILP) Members — free 
Non-ILP Members — $500 

Immobilized Enzymes 

Enzyme Stabilization 

Controlled Drug Delivery Systems 

Liposomes — Drug Targeting 

Microcapsules 

Diffusion Control in Food Systems 
Microcarriers for Marnmalian Cell Culture 
Microcarriers in Vaccine Production 


Major advances have been witnessed in the past few years in the area of 
biotechnology, which can be defined as the application of engineering 
principles to biological processes. In this coloquium, the use of novel 
concept — microcapsules and micracarriers — in biotechnology will be 
discussed. These particles possess significant potential in both basic 
and applied research. The applications in several important areas will 
- also be discussed including their use as (i) supports for cells which make 
useful products, {li} matrices for enzymes to be used as bioproducers or 
bioconverters, and {ili} the central components in drug and food 


delivery systems. 


(NW349)C 





-Kingston Polytechnic 


| MSc in EARTH SCIENCE 
| AND THE ENVIRONMENT 


| The third intake for the two year part-time course will be in 


January 1982. 


| ‘Send for further details to the Secretary, School of Geology, 
‘Kingston Polytechnic, Penrhyn Road, Kingston upon Thames 


| KT12EE. 01-549 1366. 


GRANTS and 
SCHOLARSHIPS 


i THE ROYAL SOCIETY 

<- SCIENTIFIC PUBLICATION 
> GRANT 
“Applications for grants from the 





< second allotment of the Scientific 


+ Publications Grant for 1981] should 
be made not later than 22 October 
$981 on forms obtainable from the 
Executive Secretary, The Royal 
= Society, 6 Carlton House Terrace, 
“London SWIY 5AG. The grant is for 
“the assistance of scientific publica- 


= tions in the United Kingdom, part- 


- icularly, but not exclusively, those of 
scientific societies and institutions. 


Applications are receivable only 
from societies and institutions in the 

United Kingdom and individuals of 

British nationality. (9468)A 


(9456)C 








STUDENTSHIPS 





UNIVERSITY OF 
NOTTINGHAM 
DEPARTMENT OF MEDICINE 
RESEARCH STUDENTSHIP 
Applications are invited from 
candidates with a good honours 
degree in Biochemistry, Pharma- 
cology or a related discipline for a 3 
year postgraduate studentship con- 
cerned with the study of blood 
platelet behaviour and its relevance 

to vascular disease. 


Curriculum vitae should be sent as 
soon as possible to either Professor 
JRA Mitchell, or to Dr S Heptinstall 
at the Department of Medicine, 
University Hospital, Queen’s 
Medical Centre, Nottingham NG? 
2UH. (9434)F 


Izaak Walton Killam 


POSTDOCTORAL 
FELLOWSHIPS 


1982-1983 
DALHOUSIE UNIVERSITY 


Fellowships valued at $16,000 (1981-82), plus 
travel allowances, are tenable for one year at 
Dalhousie University in most fields of study. 
Application for extensions may be considered. 


Qualification 

Applicants should have recently completed a 
Ph.D. degree at a recognized university, or ex- 
pect to obtain a degree before taking up an 
award. 


Application 
Application forms may be obtained by writing 
to: 
The Office of the Dean 
Faculty of Graduate Studies 
Dalhousie University 
Halifax, Nova Scotia B3H 4H6 


The closing date for receipt of applications is 
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15 December, 1981, 


UNIVERSITY OF 
NOTTINGHAM 


DEPARTMENT OF MEDICINE 
RESEARCH FELLOWSHIP 


Applications are invited for the post 
of Research Fellow to study the 
involvement of blood platelets in 
vascular disease. An interest in the 
role of calcium or prostaglandins and 
thromboxanes in cellular processes 
would be an advantage. Applicants 
should have a good Honours degree 
or PhD in Pharmacology, in Bioche- 
mistry, or a related discipline. The 
appointment is for two years and the 
salary will be in the range of £5,285 to 
£10,575. 


Curriculum vitae should be sent as 
soon as possible to either Professor 
JRA Mitchell or to Dr S Heptinstall 
at Department of Medicine, Univer- 
sity Hospital, Queen's Medical 
Centre, Nottingham NG7 2UH. 

(943E 
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UNIVERSITY OF WARWICK 
POSTDOCTORAL 
FELLOWSHIP 


in 
BIOLOGICAL SCIENCES 


Applications are invited for a 
Research Fellowship, funded by the 
MRC, to work in the Interferom 
Research Group on the cell of 
molecular biology of the human 
interferon system, using the cloned: 
genes for human interferons- 8 and 
- a and a monoclonal antibody to 
interferon- a . Starting salary for the 
fellowship will be at an appropriate 
point on the Research Range IA, 


scale: £6,070 — £10,575 pa. The 


Research Fellowship is available until 
September 1985. 


Further particulars and applica- 
tion farms from the Academic 
Registrar, University of Warwick, 
Conventry CV4 7AL quoting Ref. 
No: 3/34/81/0. Closing date for 
receipt of applications 30tr 
September, 1981. (9466)E 
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THE UNIVERSITY OF 
ASTON IN BIRMINGHAM 
PHARMACOLOGICAL 
LABORATORIES 
DEPARTMENT OF PHARMACY 
POSTODOCTORAL 

. RESEARCH FELLOWSHIP 
‘The Wellcome Trust has provided 
funds for a three year Postdoctoral 
Research Fellowship to study the sites 
and mechanisms of toxic effects of 
drugs on hearing. Electrophysiological 
recording of cochlear functions will be 
used to investigate the effects of 
aminoglycoside antibiotics above and 
in combination with loop diuretics; the 
electrophysiologica data will be 
correlated with light and electron- 
microscopical studies of cochlear 
tissues. 


Applications are invited from suit- 
ably qualified candidates who should 
have experience of electrophysiolo- 
gical recording techniques. Informal 
enquires may be directed to Dr E S 
Harpur, Department of Pharmacy, 
Extension 6243, 


Commencing salary will be within 
the range £6,070 to £6,880 per annum 
on the scale for Research Fellows 
(Range 1A). 


Application forms and further 
particulars may be obtained from the 
Staff Officer (quoting Ref: 483/6), 
University of Aston in Birmingham, 
Gosta Green, Birmingham B4 7ET. 
Tel: 021-359 3611 ext 201. Closing 
date for the receipt of applications is 
25th September, 1981. (9467)E 





THE HEBREW UNIVERSITY 
OF JERUSALEM 
Jerusalem 91000, israel 


The Hebrew University of Jerusalem 
offers a smali number of 


POST-DOCTORAL 
FELLOWSHIPS 


' for the 1982-83 academic year in the 
Humanities, Social Sciences, 
Natural Sciences, Agriculture and 
Medicine. 


Candidates may apply at an early 
stage of their professional career 
inot later than three years after 
completion of their doctoral 
dissertation) to PO Box 1255 
Jerusalem 91000, Israel. 


Completed application forms must 
be returned by December 1, 1981. 
(9439)E 





FELLOWSHIPS 


THOMAS C USHER 
RESEARCH FELLOWSHIPS 
AND STUDENTSHIPS 
TENABLE AT THE MRC 
LABORATORY OF 
MOLECULAR BIOLOGY 
IN CAMBRIDGE 


Mr Thomas C Usher of Toronto, 
Ontario, has provided funds for the 
support of Fellowships and Student- 
ships open to scientists of any 
nationality, including British, who 
wish to come and do research in 
molecular biology at this Labo- 
ratory. These will be of three kinds: 


1) Long-term fellowships for period 
of 6 months to two years, subject to 
review after the first year, and 
renewable for further periods. 
Fellows will also be eligible for 
Visiting Fellowships at Clare Hall 
and Darwin College. 


2) Short-term fellowships for any 
period of up to 6 months, for colla- 
boration of scientists in the United 
Kingdom or abroad with members of 
the MRC Laboratory on specific 
projects. 


3) Studentships for graduate students 
for three years, subject to annual 
review. 


Fellows stipends will be paid at 
current British University scales for 
teaching staff, normally within the 
range of £5,505 to £11,575 per annum 
(pay award pending); the actual 
stipend paid depending on age and 
experience. Reasonable travelling 
expenses for Fellows and their 
families from their normal place of 
residence to Cambridge and return 
expenses at the termination of the 
Fellowship will be paid. 


Graduate students will be paid at 
current rates for state studentships 
which now rise from £2,090 per 
annum at age 21 to £3,150 at age 27. 
Their University and College fees will 
also be paid. 


Awards of Fellowships and 
Studentships are conditional on 
acceptance of the applicant by one of 
the research groups in the 
Laboratory. 


Applications should be addressed 
to Dr M F Perutz, MRC Laboratory 
of Molecular Biology, Hills Road, 
Cambridge CB2 2QH, UK and be 
accompanied by a curriculum vitae, 
the names of at least two referees, and 
for categories (1) and (2) only, alist of 
publications and a research proposal 
of between 300 and 1,000 words. 
Applications should reach Dr Perutz 
by 16th April 1982. (943 7)E 
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CE rea 
EARTH SCIENCES 


rhe Lamont- Doherty Geological Observatory of Columbia University invites 
iclentists interested in any field of the earth sciences to apply for the following 


ellowships: two postdoctoral fellowshi 
rear (extendable to two years in speci 


ps, each awarded for a period of one 
al instances) beginning in September 


$82 with a stipend of $22,500 per annum. Completed applications are to be 


eturned by January 15, 1982. Applicatio 


n forms may be obtained by writing to 


he Director, Lamont-Doherty Geological Observatory, Palisades, New York 
0964. Award announcements will be made February 28, 1982 or shortly 
hereafter. The Observatory also welcomes applications from candidates for 
(NW8S50}E 


‘ostdoctoral research associate positions in this discipline. 

















THE LADY DAVIS FELLOWSHIP TRUST 
P.O. BOX 1255, JERUSALEM 91000, ISRAEL 


FELLOWSHIPS FOR STUDY AND/OR RESEARCH | 

AT GRADUATE OR POST-DOCTORAL LEVELS 
AND VISITING PROFESSORSHIPS 

in 1982 — 83 . 

at the Hebrew University of Jerusalem and at the — 

Technion — Israel Institute of Technology, Haifa 











GRADUATE AND POST- 
DOCTORAL FELLOWSHIPS 


Eligibility: Lady Davis Fellows are selected on the basis of demonstrated 
excellence in their studies, promise of distinction in their chosen fields 
of specialization and qualities of mind, intellect and character. 


Post-doctoral candidates must have completed their doctoral 
dissertation before arrival in Israel. "o 
The Graduate and Post-doctoral Fellowships are tenable for a period of 
one year. They may be renewed for a second year and in special 
circumstances extended to a third year. 

The grant is intended to defray the cost of the Fellow’s travel and tuition 
fees and to meet reasonable living expenses. 


Application: Graduate candidates may apply during their senior 


undergraduate year or after they have undertaken study in a graduate f 


school. Post-doctoral candidates may apply at an early stage of their 
professional career (not later than 3 years after completion of their 
doctoral dissertation}. 

Graduate and Post-doctoral candidates (including israelis abroad) may 
obtain application forms from the Lady Davis Fellowship Trust at the 
above address, after they indicate the category of Fellowship for which 
they are eligible. 

Completed applications must reach the office of the Trust not later than 
December 1, 1981. 


VISITING PROFESSORSHIPS 


These Fellowships are intended for candidates with the rank of Full or 
Associate Professor at their own institution. They are tenable for 
periods from one trimester (or semester) to a full academic year. 


Application: Forms may be obtained from the Lady Davis 
Fellowship Trust at the above address. Completed application “| 
forms must reach the office of the Trust not later than December 
1, 1981. 


(S438)E 





iar 


SCIENCE & ENGINEERING 
RESEARCH COUNCIL 


FELLOWSHIPS 
and 
OVERSEAS (NATO) 
FELLOWSHIPS 


Applictions for SERC Fellowships and Overseas (NATO) 
Fellowships commencing in 1982/83 should be made to the 
Science & Engineering Research Council, P.O. Box 18, 
Swindon SN2 TET. 





For application forms telephone: 


Swindon (0793) 26222 ext 2172 
CLOSING DATES FOR APPLICATIONS: 


Senior Fellowships ..........0....... 
Advanced Fellowships .............. 
Postdoctoral Fellowships ........... 
Industrial Visiting Fellowships ........ 
‘RS/SERC Industrial Fellowships .... . 


30 November 1981 
30 September 1981 
31 December 1981 
Apply at any time 
31 October 1981 
and 31 March 1982 


12 January 1982 
and 10 May 1982 
31 December 1987 
(S470)E 
a ccs es TAA 


Overseas (NATO) Fellowships: 
In Europe ... 2.000000. 0..000005, 


Outside Europe ................ 
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FIFTH ANNUAL 
BRISTOL-MYERS AWARD FOR 
DISTINGUISHED ACHIEVEMENT 
IN CANCER RESEARCH 





The Bristol-Myers Company presents an annual award to a scientist making an 
outstanding contribution in cancer research. The candidates for the award are to be 


nominated by medical schools, free-standing hospitals and cancer research centers. 
Only one nomination from each institution is permitted. 


AWARD: $25,000 U.S. 


DEADLINE FOR RECEIPT OF NOMINATIONS 
December 15, 1984 


ANNOUNCEMENT OF AWARD RECIPIENT 
Spring 1982 
SELECTION COMMITTEE 


Saul A. Rosenberg, M.D., Selection Committee Chairman 
Professor of Medicine and Radiology and Chief, Division of Oncology 
Stanford University Schoo! of Medicine 


Gianni Bonadonna, M.D. 
Director, Division of Clinical Oncology 
istituto Nazionale per lo Studio e la Cura dei Tumor 


Harris Busch, M.D., Ph.D. 
Professor and Chairman, Department of Pharmacology 
Baylor College of Medicine 
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SINGLE-STRAND 
SPECIFIC NUCLEASES 


Si, Mung Bean, N. crassa, P: 


{> Nuclease $4 is now available from P-L Biochemicals in 
highly purified form. Now we are your most complete 
source for single-strand specific nucleases anywhere. 


0920 NUCLEASE, S, 
Highly purified; minimum 5x 10* units per mg 
protein. Suitable for applications in recombinant 
DNA and nucleic acid structure research. 

0912 NUCLEASE, Mung Bean 
Not less than 10° units per mg protein. P-L 
Biochemicals is the only commercial source of 
this increasingly important enzyme. 

0890 NUCLEASE, N. crassa 
Minimum 400 units per mg protein. 

0852 NUCLEASE P, 
Lyophilized powder, homogeneous by column 
chromatographic analysis. 


AVAILABLE FROM STOCK. 
Call toll free 800-558-7110 or 
write for complete information. 


EXC CHANCE in biochemistry 


S PLbiochemicals, inc. 























1037 \NEST MCKINLEY AVENUE, MILWAUKEE, \NIS. 53205 
® Call 414/347-7442 TWX 910-262-1111 
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RNA? 


` The size of the procaryotic and eucaryotic Ribosomal 


RNA Markers produced by P-L Biochemicals is 
precisely known, These rRNA species remain intact 
even under denaturing conditions! 


2512 RIBOSOMAL RNA 235 and 16S (E. coli MRE-600) 


NEW Price:....10 A269 units....$52.00* 
2508 RIBOSOMAL RNA 235 and 16S (E. coli R-13) 
NEW  Price:....10 Ago units....$52.00* 


2510 RIBOSOMAL RNA 285 and 18S 
NEW (Saccharomyces cerevisiae ATCC 9763) 
Price:....10 A260 units....$52.00* 


2506 RIBOSOMAL RNA 28S and 185 (Calf Liver) 
NEW Price:....10 A260 units....$52.00* 


*Products must be shipped cold. Insulated container and 
refrigerant charge -$10.00. May require air freight. 


One unit is that quantity of material which has an ab- 
sorbance of 1.0 at 260 nm when dissolved in 1 ml water 


and measured in a 1 cm cuvette. 


PLbiochemicals, inc. 
1037 “NEST McKINLEY AVENUE, MILWAUKEE, WNES, 53205 
® Call 414/347-7442 TWX 910-262-1111 
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SeaPrep™ 15/45 | 


A = most frequently used—recommended © = often used 


-NEW—The rose Sampler 

_ Now you can try five of our most popular 
agaroses at a very reasonable price. The sampler 
contains 2 grams each of SeaKem® LE, ME, 
HEEO, HGT and SeaPlaque® agarose. Included 


with each sampler are trial size sheets of GeiBond™ 


and GelBond NF support films, instructions, 
and a copy of our 34-page Agarose Monograph. 
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Discrete separations require 
precise tools. 





That's why we at Marine Colloids BioProducts offer nine 
different types of agarose under the trade name SeaKem*, 
SeaPliaque®, IlsoGel™ and SeaPrep™. To complement the 
agarose product line, we now have two types of GelBond™ 
agarose support film as well as four lsoGel™ Ampholyte pH 
ranges. By offering a wide range of products, all with narrow 
and well controlled specifications, we make it easier for you 
to find the type that most closely fits your application. 

The chart on the left is intended only as a guide. In many 
cases more than one type of agarose may be used. Also, we 
recognize the fact that each researcher has his or her own 
variations within a given technique or protocol. 

At Marine Colloids, we offer more than the world's finest, 
most complete line of agarose products and accessories. We 
offer a professional staff with wide ranging experience in 
electrophoresis, isoelectric focusing, immunology, molecular 
biology, microbiology, cell culture and related sciences. 
Tell us your needs. We want to help you produce superior 
results. Reach us in the USA toll-free at 1-800-341-1574. 

Write FMC Corporation, Marine Colloids Division, 

5 Maple St., Rockland, Maine 04841. TWX: 710-229-1973, 
Answer Back: Marcoloid Rold, Cable: Marcolloid. 
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Six reasons to buy a Multiphor 





Obtain superior electrofocusing results 
for a fraction of the cost and time of 
running older systems. High perform- 
ance electrofocusing lets you analyze 
well over 600 samples per bottle of 
Ampholine with improved resolution 
due to the elimination of thermal gra- 
dients in the gel. 


Choose between two preparative tech- 
niques. Purify up to gram quantities of 
even crude samples with preparative 
electrofocusing. Alternatively, try pre- 
parative isotachophoresis with its 
stacking principle to get good resolution 
at much lower cost. 


Quantitate proteins by Laurell rockets 
or run any popular immunoelectro- 
phoretic technique. The new Mini 
Electrophoresis Kit costs only half the 
price of the original kits yet gives you 
everything you need to get started with 
agarose and immunoelectrophoresis. 





Produce titration curves of your sample 
mixtures to gain information about sta- 
bility, heterogeneity, interactions, pl, 
and the best pH for purification. 
Simultaneously display the electro- 
phoretic mobility versus pH of every 
component in a single experiment with 
the new Titration Curve Kit. 





Determine the molecular weights of 
native proteins with high resolution 
using ultrathin-layer gradient gel 
electrophoresis and our new miniature 
gradient former. Or perform conven- 
tional SDS and polyacrylamide gel 
electrophoresis with the original SDS/ 
PAGE Kit. 


When you want the versatility to perform a 
wide variety of electrophoretic techniques, you 
need the Multiphor System. Now with an ex- 
panded range of capabilities, the Multiphor 
provides unparalleled flexibility, superior de- 
sign and complete technical support. 

Chosen by more researchers throughout the 
world than any other, the Multiphor System 
offers unbeatable value for money. 

Isn't it time to update your present Multiphor 
or to consider adding a second system this year? 
Contact your local representative today and 
discover how little it costs to gain a lot of ver- 


satility. 


Results 5 and 6, courtesy of Dr. Angelika Gorg, Technische Univ. Munchen 


Map complex protein and peptide mix- 
tures with two-dimensional electro- 
phoresis. Combine high performance 
electrofocusing in the first dimension 
with ultrathin-layer gradient gel 
electrophoresis in the second, using the 
latest procedure developed by Görg et.al. 
and the new 2-D and Gradient Gel Kit. 
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Head office: LKB-Produkter AB, Box 305, S-161 26 Bromma, Sweden Tel 08-98 00 40, telex 10492 Al E 
Main US sales office: LKB Instruments, Inc. 12221 Parklawn Drive, Rockville, MD 20852. Tel. 301-881 25 10, telex 230 89 682 
UK sales office: LKB Instruments Ltd., 232 Addington Road, S. Croydon, Surrey CR2 8YD, England. Tel. 01-657 8822, telex 264414 





New versatility in polyacrylamide gel electrophoresis 


Basic PAGE technique has now expanded to include many ™ SSE. 
successful modifications of the methodology. Performance te 

of all of these PAGE techniques and coverage of all stages . ë 
in the procedures demands a highly versatile equipment =f y 


aim 








system. Look to Pharmacia for a system pmm 
of unrivalled versatility and reliability. at m | 
A 72 page book gives complete : ia oaa eas | 
nohea Methodologies and = i o= 
Gel Electrophoresis TECIpes tor wi | Two size options in electrophoresis apparatus, each with variable 
many electrophoretic buffer circulation and high efficiency cooling, are complemented by 


techniques which a reliable power supply. 
can be performed 


using the equipment 
shown here. 


" High and Low Molecular Weight Calibration Kits 
are available for convenience in molecular weight 
estimations. 


. Cast your own gels or 
f choose from a range of 
ready made gradient 





Complete your 
work by de- 
staining and 
drying with 





reliable, gels for simple, repro- 
matched ducible high resolution 
equipment. work. 
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Improvements in isoelectric focusing 


New concepts of high voltage focusing and volthour integration added to 
significant improvements in carrier 






EJES. RRS mere aina ampholytes and agarose support media 
anra i | ae have made Pharmacia the new leader in 
E kE A IEF technology. Pharmacia’s System has 
. 5, SS $ ot n r r 
ssc PNUD Cee OAR SIE C Be . = been designed with one aim—to extend 


| the scope of this high resolution 
technique. 


The 3000 volt power supply ECPS s ett ee The Flat Bed Electrophoresis apparatus FBE 3000 
3000/150 gives you more speed ~~ combines the latest design features, including 
and resolution with your IEF work. A | outstanding cooling capacity, for IEF, preparative 
Digital display of volts, current or ee ea IEF and immunoelectrophoresis with minimum 
power gives you more control and investment. 


ease of operation. 


The Volthour Integrator VH-1 monitors and displays 

elapsed volthours—the clearest parameter of an IEF = Pharmalyte® carrier ampholytes, 
experiment. Now record, report and repeat your = Agarose IEF and Sephadex® IEF 
work with high precision. "sa are specially formulated 
= to give you improved 
results at analytical or 
preparative scale 


The Pharmacia pl Calibration Kits allow 
easy and accurate determination of pH 


—— 
gradients. = 
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= with LECTINS and GLYCOSIDASES 


BRL offers a series of eleven lectins of varying specificity purified to homogeneity by affinity chromatography. 
Product Profile Sheet describing quality control assays and results of each assay accompanies every lectin. 


_ BRL offers four glycosidases, the first of an extensive series. Each glycosidase is free of proteases and assayed f 
» cognate glycosidase activity. A Product Profile Sheet describing these assays and giving their results is suppli 
with every glycosidase. 





B-D-Gal-R 
| DBA Dolichos biflorus Aggin (MOSLA) 
a-L-Fue 
O R-a-D-GalNAc G HPA Helix pomatia Aggin (8407LA)} 
UEA I Ulex europaeus Aggin (B8404LA) & 


SBA Soy Bean Aggin (8410LA) 


WGA Wheat Germ Aggin (8406LA) @ B-D-GleNAc-R 


a-~D-Man 
aD-Galactosidase (8304LA) 


a-D-N-acetyigalactosaminidase (8303LA) R-a-D-Gal 


a-D-GalN Ar <i Neuraminidase (8300LA) 


NANA 
enemas ee LPA Limulus polyphemus Aggin (84035A) 
a-D-Man-R 
LOA Lens culinaris Aggin (8409LA) CON A Concanavalin A (8400LA) 


Ser-a-D-GalNAc-R-a-D-Gle 
a-D-N-acetyigalactosaminyl-oligosaccharidase (8302LA) Q 


h A LCA Lens culinaris Aggin (8409LA} 
R-(B-D-Gal-a-D-GalNAc)-Ser 


WGA Wheal Germ Aggin (840614) 


B-D-M an -B-D-GleN. Ae -B-D-GleN Ac-Asn MPA Maciura pomifera Aggin (8402LA) 






i R-£-D- Gal-a-D-Gal@ PNA Peanut Aggin (8408LA) 


a-L-Fue RGA TRicinis communis Aggin (840154 


BRL welcomes all technical inquiries on these products. Please call (800) 638-4045 (US 


Bethesda Research Laboratories, Inc. BRL, GmbH Offenbacher Strasse 113 
P.O. Box 577, Gaithersburg, MD 20760 6078 Neu Isenburg West Germany 

To Order (800) 638-8992 Telephone: 06102-3206 

In Maryland: (301) 840-8000 Telex: 417699 BRL NID 

Telex: 908750 BRL GARG f 
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Protein 
nthesis 


in cell-free systems 


Amersham’s products designed and tested for the faithful translation of your mRNA include 


=) 
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*$-protein, dpm X 10°/l 
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Figure 1 
2 Tıme course for 


L-[%S] methionine using 
TMV.RNA and N.90 


-MRNA 
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5 10 15 20 30 40 50 60 70 80 90 
Incubation time (mins) 
Rabbit reticulocyte lysate N.90 
-simple and rapid protocol 
-very low “no-message’ blanks 
Up to 30 times more label incorporated 
with added mRNA 


“Cold” amino acid mixtures 


N.150 


150 


'H-protein, dpm X 107/yl 
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Figure 2 

E3 Dose response curves for 
L-[2,3,4,.5H]proline 
using N.90 and N.150 





5 10 15 2 2'1 
Radioactive concentration in incubation mixture (mCi/ml) 
Rabbit reticulocyte lysate, amino 
acid-depleted \\ 150 
—high incorporation of all amino acids, 
especially those with large endogenous 
pool size in unfractionated lysate 


-contain 19 of the 20 essential amino acids to save you time when preparing high specific 


activity proteins 


A useful and informative monograph on cell-free protein synthesis systems is available free 


on request. 


Amersham International Limited, Amersham, England Telephone 024 04.4444 


in the U.S.A. and Canada, Amersham Corporation, Illinois 60005 Telephone 312-364-7100 


and 800-323-9750 (Tollfree) 


in W. Germany, Amersham Buchler GmbH & Co KG, Braunschweig Telephone 05307 4691 
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What must an 
automatic titrato 
do to succeed 
the world over? 


If you really wani 
to know, you'll 
have to employ z 
Mettler DL40 
Memofitrator. 


Very shortly after its first introdu 
tion, the Mettler DL40 MemotTitrat 
established itself in many plan 
and laboratories as a valued ar 
universally popular co-worker. 

Small wonder: It relieves you « 
just those jobs that cause pri 
blems in exact titration. It enc 
your search for the proper titratic 
method and the suitable pari 
meters. And it transmits the resul 
in a twinkling. 

It is also noteworthy for its ve 
satility. It adapts fast and depen 
ably to any assignment it is give: 
to routine use in three-shift oper: 
tions, and equally well to develo; 
ing new methods, say, in an ani 
lytical lab. 

Working with the DL40 Memi 
Titrator is a pleasure to everyor 
because operation is so simpl 
And because its demands in terrr 
of work space are small: its con 
pact design finds it a niche an) 
where. 

For all its receptive workin 
style, its many technological innc 
vations, and the resulting ve 
satility and dependability, on 
puzzle remains: its very low term 
of employment. The price of th 
Mettler DL40 MemotTitrator is s 
reasonable that the instrumer 
seems almost certain to make a 
appearance soon in your plant c 
lab. 

If you really want to learn mor 
about this equipment as an ou 
come of our many years’ expe 
rience in the field of wet-chemici 
analysis, simply set one of ot 
specialists to work at a demor 
stration. 





Mettler Instrumente AG 
CH-8606 Greifensee, Switzerlan 
Tel. 01/941 22 41, Telex 54592 
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280 nm 225nm | Photographers call it underexposure. We call it absorb- 
ance inability. The first you get from too little light, the 

second from the wrong kind of light. But the result is 

the same; there are things there but chances are you 

don’t see them. 

| A good way to get around this problem is to use 
S | the Uvicord SII detector from LKB. 

This new and improved version of one of the most widely used LKB products, (since 


1958 we’ve sold a good twenty thousand Uvicord detectors) can monitor at 206, 225, 254, 280, 


313, 365 or 405 nm. Just choose the wavelength that will give you the best result for your 
sample. If the 254 and 280 nm filters let you see nothing and 206 too much, the new 225 nm 
filter will be perfect. For peptides, for instance. ə 

Uvicord SII also has a unique high inten- N U d S II 
sity lamp (av. life 6,000 hrs.) which, combined CW vicor 
with the short wavelength filters, can give you 
up to two hundred times greater sensitivity. 

Get in touch with LKB for a demonstra- 
tion. We think you'd be interested in a couple of 
other new Uvicord SII features like the variable 


time constant filter and it’s indicator for base- 
line adjustment. 





Head office. LAB-Produkter AB, Box 305, S-16126 Bromma, Sweden Ti 8-98 0040, telex 10492 Main US sales office’ LAB Instruments, Inc. 12221 Parklawn D 
Rockville. MD 20852 Tel 301-8812510. telex 23089682. UK sales office LKB Instruments Led. 232 Addington Road. S. Crovdon. Surrey CR? 8YD, | 
Tel. 01-657 88 22, telex 264414. Other sales offices in: Athens (for Middle East), Copenhagen, Ghent, The Hague, Hong Kong Munich, Paris, Rom 
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There can be little doubt that the 1980s will be 
the golden age for information technology. Micro- 
electronic circuits are getting very much smaller, 
consequently the chip can be made to do much more 
- much faster. Advances in opto-electronics are ena- 
bling unprecedented volumes of voice, data and 
video information to be transmitted in a digital form 
across great distances. While, waiting in the wings of 
technological progress, the optical disk represents a 
very promising alternative to both office archiving 
and magnetic mass storage in computers. 


Setting new standards for 
information technology 





Research and development into each of the 
electronic disciplines has been a major commitme 
at Philips for many years. 

For example, our continuous efforts to impro 
the manufacturing process for micro-electronic 
devices and to enhance product capability led to tł 
development of the “Beamwriter” vector scan li 
graphy system; which is the world’s first produ: 
tion-orientated E-beam writing system capable « 
achieving the complex submicron structures in th 
emerging VLSI technology. 





Photo 1 - l-micron pits burnt into pre-grooved track of DOR-disk 
Photo 2- Chip quality control micrograph (SEM 505, 3 kV accelerating voltage). 


PHILIPS 





ptical fibre transmission systems, employing termi- 
al equipment, optical repeaters and multi-fibre 
ables of our own design and manufacture, are un- 
ergoing acceptance trials by a number of European 
elecommunications authorities. Meanwhile, fully 
perational optical fibre systems have been ordered 
er the 3rd phase, 200,000-line expansion to the Sau- 
& Arabian public telephone system, where they will 
erm an integral part of the digital junction network. 


cations, our 


We combined our unique experience in the 


High-density data storage and 
wrieval. Philips digital optical recording 
atem represents the logical integration 

micro-electronics,opto-electronics and 
wcro-mechanics. The optical read/write 
»ad employs an ALGaAS diode laser that 
nerates a pulse to burn a lum pit 
»0 a tellurium-based recording film. 
wading is by directing a lower power 
er-light source at the pits and 
*ecting the difference between the 
ws and the surrounding material. The 
wad/ write head also contains a 40-gram 
sical system and associated opto-electro- 
s for tracking and focusing, whose pre- 
Mion and compactness is complemented 
equally ingenious radial tracking and 
~or-detection correction systems. Each 
we of the disk has 45,000 tracks, divided 
9 128 sectors, each of which can be indi- 
ually addressed. With a storage capaci- 
of 10!° bits, a writing speed of 2M /bits/ 
and a mean access time of 150 ms, 
Ds new medium may well provide the 
waling-edge technology for future infor- 
tion storage,retrieval and distribution. 


ILIPS 


Light-wave telephone transmission. In 
addition to Philips all digital PRX/D ex- 
changes, the Saudi order includes the inte- 
gration of 140M/bits optical fibre systems 
into the existing 2M/bits PCM networks 
in the Jeddah and Riyadh multi-exchange 
areas. Six-fibre cables, with a capacity of 
1920 calls per fibre, will be used in the 
repeaterless routes, which total some 45 
system kilometers. When completed it will 
be one of the first operational 140M/bits 
optical fibre transmission systems in the 
world. 








Write for more information to: Philips, 
C.M.S.D.-Marketing Communications, 
VOp, Room 22, Eindhoven, Holland. 


Or telephone: 

Athens 9215311, Brussels 2191 800, 
Copenhagen 01-57 22 22, Dublin 69 33 55, 
Eindhoven 79 3333, Hamburg 28 12348, 
Helsinki 17 271, Lisbon 68 3121, 

London 836 4360, Madrid 40 42 200, 
Milan 6994371, Oslo 463890, 


Stockholm 63 5000, Vienna 6291 41 
ext. 471, Zurich 43 2211. 

Or telex: 
35000-PHTC-NL/CMSD-Marketing 
Communications, Eindhoven, Holland. 


development of video and audio long pleying disk 
systems with a technological breakthrough in semi- 
conductor diode lasers to invent the world’s first digi- 
tal optical recording system (DOR) which enables 
the recording and retrieval of 10,000 million bits 
on a single 12-inch disk. 

Philips will continue to set new standards for 
information technology. For the eleetronics industry: 
is only at the threshold of the potential these 
disciplines promise. 





Vector scan lithography. “ompared to 
conventional optical lithography techni- 
ques, vector scanning produces significant 
savings in the time taken to produce a set 
of masks or reticles: hours instead of days. 
Moreover, as the writing beam is directed 
only to those points where exposure is 
required, it is much more efficient than 
the raster E-beam method. Tne Philips 
Beamwriter generates an exposure dosage 
twenty times greater than other commer- 
cially available E-beam systems to provide 
a faster maximum writing speed and a 
wider choice of resists, and can produce 
beam-spot sizes down to 0.025 micron. 
Thus the Beamwriter is equally suited to 
oth large and very large scale integrated 
ircuit manufacture. 


Philips working on advanced technology 


Circle No.15 on Reader Enquiry Card. 








Xx 


(The most 
| efficient means 
| of continuous 
| Cell separation 
_ | ona preparative 

| scale. 

| DESAGA FF-48 
FREE-FLOW 
ELECTROPHORETIC 
SEPARATOR. 
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ideal for separation of cells (T- and 
B-lymphocytes, malaria-infected rbc) 
and cell organelles (cell membranes, 
lysosomes), studying the effects of drugs 
(mutagens and antigens), or ionizing radi- 
ation. Particularly useful for cell research, 
| immunology, hematology, biochemistry, 

- cancer research and experimental 
medicine. 

Injection of sample and collection of 

- fits fractions are performed on a continu- 

ous basis. Throughput per hour is 

approx. 100 mg or about 1 x 10° cells. 

For literature, in U.S.A. write to: 
Desaga Division, Brinkmann Instruments, 
inc., Cantiague Rd., Westbury, N.Y. 
11590. Elsewhere: Desaga GmbH, P.O.B. 
101969, D-6900, Heidelberg 1, 

W. Germany. 
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BIOCHEMISTRY 
OF PARASITIC 
HELMINTHS 
JOHN BARRETT 


Lecturer in Zoology at the 
University College of Wales, 
Aberystwyth. 


Contents 
Preface 
1. Introduction to Parasite 
Biochemistry 
2. Biochemical Constituents 
3. Catabolism and Energy Production 
4. Nutrition and Biosynthesis 
5. Metabolic Regulation 
6. General Surnmary 
7. Appendix 
Systematic index 
Subject index 


Biochemistry of Parasitic Helminths 
discusses the Biochemistry of Helminths in 
relation to that of mammals and also in 
relation to the biochemistry of free-living 
invertebrates. The book is divided into five 
sections. The first three parts cover 
biochemical components (emphasis being 
given to some of the more unusual 
compounds which occur in parasites), the 
pathways of energy production and 
biosynthetic reactions. 


Part four covers, first, the ways in which 
metabolic pathways are controlled and 
inter-related. Second, it deals with the 
metabolic switches which occur during the 
life cycles of helminths and the ways in 
which these switches are under 
environmental and genetic control. 


The last section gives a general summary 
of helminth biochemistry. 


The text is intended primarily for use by 
specialist undergraduate courses in 
parasiticlogy and for research workers: it 
should also appeal to students interested 
in comparative and invertebrate 
biochemistry. 


A particular strength of the book is the 
highly structured text which allows easy 
reference and cross reference and also 
provides a framework for any reader 
wishing to access specialist reviews or 
original papers. 


March 1981; £25 he; £12.95 pb; 
z 318pp 
he ISBN 0 333 25668 9; pb ISBN 
O 333 25669 7 


Send your orders, requests for further 
information etc. to: 

Frances Roach, Scientific and Medical 
Division, Macmillan publishers, 
Houndmills, Basingstoke, Hampshire, 
RG21 2XxS, U.K. 


MACMILLAN 
PUBLISHERS 


SCLEN TIFIC 


& MEDICAL 





3 10 September 1981 





EDITORIAL OFFICES 





London 
4 Little Essex Street, WC2R 3LF 
Telephone: (01) 836 6633 Telex: 262024 
Telegrams: Phusis London WC2R 3LF 


Editor: John Maddox 
Deputy Editor: Peter Newmark 


Editorial Staff 
Alun Anderson Geoffrey North 
Philip Campbell Peta Pickering 
Isabel Collins Judy Redfearn 
Konrad Guettler Miranda Robertson 
Tim Lincoln Robert Walgate 
Naomi Molson Charles Wenz 
Sara Nash Nigel Williams 
Washington News Bureau 
80! National Press Building, DC 20045 
Telephone: (202) 737-2355 Telex: 64280 
David Dickson (Washington News Editor) 


Publisher: Elizabeth Hughes 
Marketing Director: Ray Barker 


International Advertising Manager: 
Andy Sutherland 
Features Advertising Manager: Marion Delaney 
Classified Advertising: Jean Neville 
Telephone: (01) 240 1101 
Promotion Manager: Jonathan Earl 


New York 
15 East 26 Street, New York, NY 10010 
Telephone: (212) 689-5900 


American Publisher: Robert Ubell 
American Advertising Manager: Henry Dale 
Marketing Manager: Sheila Kane 


USA Classified Advertising: 
Cathy Moore 


Canadian Display and Classified 


Peter Drake, 32 Front Street West, 
201 Toronto, Ontario M5J ICS 
(416) 364-1623 


Display Advertising Representatives 
USA 
Nature New York Office-—{212) 689-5900 


Roy McDonald Associates, Inc. 
Datlas—(214) 941-4461 
Roy McDonald Associates, Inc. 
Houston—-(713) 988-5005 
Didier & Broderick, Inc. Chicago- 
(312) 498-4520 
Jobson/Jordan/Harrison/Schulz, Inc. 
San Francisco (415) 392-6794 
Los Angeles & Pasadena (213) 796-9200 
Daniel Adams Associates, Inc. 
Philadelphia~-(215) 353-6191 
CEL Associates Boston—(617) 848-9306 
Brinker & Brinker Fort Lauderdale 
(305) 771-0064 


West Germany and Austria 
Franz Schreckiinger 
TMW Top Media Werbegesellschaft Mbh 
Frankfurt (611) 726046 


Holland and Belgium 
Kevin Ward 
G. Arnold Teesing BV 
Amsterdam (020) 2636 15 


Switzerland 
Verena Hugi 
Agentur HT AG 
Schaffhausen (053) 45821 


Scandinavia 
Andrew Karnig 
Andrew Karnig & Associates AB 
Stockholm (08) 51 68 70 
Japan 
Mashy Yoshikawa 
Orient Echo Inc 
Tokyo 541-4923 
RAIA, VOTRE 
Nature” is published weekly 
ISSN 0028-0836 
Registered as a newspaper at 
the British Post Office 
1981 Macmillan Journals Ltd 


Vol. 293 No. 582? 10 September 1981 


e Vol. 293 10 September 1981 





No nuclear battlefield in Europe 


The Reagan Administration has not long to begin negotiations 
with the Soviet Union on arms control. Unwelcome though it may 
be, to a government more jealous of its sovereign rights than most 
of its predecessors, to be told that its choice may be circumscribed 
in any way, the plain truth is that further delay is likely to 
jeopardize the cohesion of the alliances on which the United 
States has laboured for the past thirty years. For the pressure to 
which the Administration is now exposed is neither technical nor 
generated by the Soviet Union but, rather, is the most awkward 
pressure of all — of the nature of things. 

President Reagan’s deadline must lie ahead — prudently far 
ahead — of the party meeting next April of the West German 
Social Democratic Party, of which Chancellor Helmut Schmidt is 
a member. The party’s informal meeting last month showed 
clearly that the chancellor’s previously resolute support for 
Western strategic doctrines entails substantial political risks. 
There is at least a chance that the party, frustrated by the 
continuing stalemate on arms control negotiations, will come out 
against the siting of United States nuclear weapons in West 
Germany. If, by disowning what Herr Schmidt has stood for all 
these years, the party forces the collapse of the uneasy coalition 
over which he presides and thus a general election in West 
Germany centred on the issue of the defence of Western Europe, 
the fat will truly be in the fire. The Reagan Administration may 
also be given pause by the impending election of a deputy leader of 
the British Labour Party, for there is a chance that Mr Denis 
Healey, once a Minister of Defence and a solid NATO man, will 
be turned out by a colleague committed to some form of 
unilateralism. Even though the consequences of such a development 
cannot be foreseen, Washington will be given the sense that the rot 
has set in in Europe. 

Why has all this happened so quickly? The neutron bomb is less 
urgent a trigger of disaffection in Western Europe than the earlier 
decisions (agreed within NATO) that Pershing and cruise missiles 
should be based in Western Europe. To the extent that it is within 
the range of these devices to be used in attacks on the Soviet 
Union, there is a prospect that by the end of 1982 (when the first 
missiles are due to be installed), parts of Western Europe will be 
regarded as strategic bases. But have not Montana and Wyoming 
been vulnerable for the same reasons all these years? To many 
Europeans, the comparison is far from comforting. For now it is 
possible for Europeans to fear that the West might fight a nuclear 
war without involving the continental United States — an 
impression, perhaps a misapprehension, that has if anything been 
reinforced by the tactless way in which officers of the still new (or 
learning) Administration have been talking in the past few 
months about the feasibility of nuclear war as if it were just another 
public project such as the synfuels programme. 

One obvious consequence has been to encourage the several 
voluntary organizations in Western Europe which exist to protest 
against nuclear weapons, nuclear strategy and nuclear war. The 
way in which this abreaction works can be inferred from Mr 
Edward Thompson’s eloquent speech to the British Association 
last week (see page 93). Mr Thompson is a distinguished historian 
who is one of the leaders of European Nuclear Disarmament 
(called ‘‘END’’) and who has recently become even better known 
because the BBC withdrew an earlier invitation to him to give a 
public television lecture. Mr Thompson’s argument last week was 
simple. The theory of deterrence, according to Mr Thompson, is 
not a theory at ail, but a post hoc justification for the 
accumulation of weapons by the superpowers; how else can the 
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theory be used to endorse ‘‘every new development in strategy and. 
weaponry”? Mr Thompson made a fair point when he argued. 
that to describe the British nuclear weapons force as “t 
deterrent’’ is pejorative. He went on to argue that the theory ol- 
deterrence, coupled with the habit of the superpowers of - 
preparing themselves to contend with the worst that their 
opponents could effect — effective counter-force strategies, for 
example — served only as a means of fuelling the arms race. So, 
for intellectuals like himself, the only acceptable course of action. oo 
is to pretend that the theory of deterrence does not exist, but to 
attempt to ‘‘put European culture back together” without the 

help of politicians. ee 

Variants of this argument are now everywhere to be heard. In” 
West Germany and several other European countries, ahostof o oo 
voluntary groups, some of them including only specialists, have : 
sprung up to advance versions of Mr Thompson’s argument... 
And, in the past few days, some physicians who are also members 
of the National Academy of Sciences, and including several — 
people usually thought of as conservative, have put oura | 
statement expressing their concern, even alarm. The 
Administration can ignore these tendencies only at the perilofthe = 
strategic doctrine to which it is committed. First, it must work oni” 
afresh the position of the United States on nuclear strategy,and 
on the strategy of deterrence in particular. Mr Thompsonand his oo 
West German equivalents apart, there is ne reason to suppose that 
the theory of deterrence is less appropriate now than in the years << 
since the Second World War. The underlying argument is simple. 

— nuclear weapons in the hands of one superpower or the other 

are rendered unusable by the fear of the limitless damage that __ 
would be caused by retaliation. Throughout the past thirty years, 
governments in the West have been reconciled to the notion that 
circumstances could arise in Europe where the use of nuclear 
weapons would be the only effective device —- and havecaiculated 
that, if there should then be retaliation from the other side, the: 
ultimate consequence would be that the United States guarantee 
of Western Europe would come into effect, whatever the con- 
sequences for the United States. 

Why then are so many people in the West now afflicted with 
doubt on this all-important question? First, loose talk in 
Washington has created the false impression that Europe is 
potentially an isolated nuclear battlefield. Second, the temper of 
the Reagan Administration, with its apparent indifference to 
European susceptibilities, has led some people to wonder whether 
the old guarantee still stands as firmly. Third, events in Poland 
have persuaded some unrealistically to hope that nuclear weapons 
would go away, so that Europe as a whole might become a more © 
flexible and civilized place. Finally, and properly, there isa 
growing sense of regret at the huge resources being lavished on the 
improvement of nuclear arsenals, both in the East and West, 
when there are so many more constructive uses to be made of- 
economic resources, and when the sheer numbers of warheads — 
deployed lends mistaken credence to the belief that the more 
weapons there are, the greater the chance that they will be used. 

President Reagan’s only constructive course, in such cir- 
cumstances, is to do now what it has been plain ever since 
Inauguration Day that he must do soon — seriously to take up one 
of the several opportunities for talking tc the Soviet Union on 
arms control. But what to talk about? The best course would be to 
acknowledge that the second instalment of the agreement on 
strategic arms (SALT 2), limited as it is in content and never 
ratified, had better be replaced by a more comprehensive treaty 
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-beginning negotiations on nuclear weapons based in Europe — 
‘recognizing, at the same time, that the technicalities of this 
-problem are formidable. The feasibility of a comprehensive test- 
“ban treaty has receded, but it should not be forgotten that, just a 
ear ago, officials in the then United States Administration were 
aying that only a month or so was needed to bring the treaty toa 
onclusion. These are only some of the avenues that might 
sefully be explored. The need is not to keep Chancellor Helmut 
“Schmidt in office (for he can look after himself, and should be 
„doing so more effectively) but to demonstrate to Western Europe 
d the rest of the world that the agreement within the West on 
‘which the whole theory of deterrence has been based has not, 
-since January, become a dead letter. For President Reagan, the 
_ delicate first task is somehow to persuade the United States 
military, together with a substantial part of the American 
2 -= electorate, that they like others can live with arms control. 


‘One hope retracted 


The news that Professor Efraim Racker has found it necessary 
to withdraw from publication a paper read at the Cold Spring 
Harbor Tumor Virus Symposium last May, and has in the process 

~- -east doubt on several related papers, is a cruel disappointment. 
-$ For several years it has been apparent that in the understanding of 
-the causation of cancers of various kinds, the most clamant need 
has been for a mechanism of some generality that would explain 
how it comes about that carcinogens of very different kinds 
(chemicals such as benzpyrene, radiation or just age) can cause 
-> malignant diseases that take on a life of their own, Mr Mark 
 Spector’s account of how the products of RNA tumour viruses, 
more often known as retroviruses, might affect the biochemistry 
of a cell, promised to be just such a mechanism. If, indeed, a 
succession of steps, chemically similar, amounting to the 
phosphorylation of successive protein in a hierarchy of protein 
-kinases had been involved in the manifestation of cancer caused 
>- py retroviruses, it would have been relatively easy to understand 
how different carcinogenic agents might affect different steps in 

the ladder. 

So what has gone wrong? That is what people working in the 

<- field will now be asking. And those members of Congress who 
-have been wringing their hands for the past few months about the 
warts on the fair face of science, and who have only grudgingly 
= accepted the assurances offered them by the scientific 
community, will no doubt be opening yet another inquiry into 
_.. what seems to be yet another case of inexplicable error. At this 
stage, it is far too soon to guess what Congress will make of what 
-has been happening at Cornell, but certainly the circumstances do 
not resemble those of the cases of outright deception that have 
created such a sense of shock in the past eighteen months. First, 
— the people who have blown the whistle on this occasion include 
many of the authors of the original and now suspect research. 
“Second, it is reported that some parts of the proposed mechanism 
of carcinogenesis were accurately described. Third, retraction has 
been swift and none of the participants seems to have benefited 
personally, even in the intangible ways that often go with 
successful innovation in such a spectacular field. 
- Unfortunately, that cannot be an end to the affair. Self- 
deception, when published, is also culpable. On this occasion, the 
conspicuous case of self-deception seems to have been that of Mr 
Mark Spector, by all accounts a dedicated graduate student given 
to herculean labours. The question will, however, be raised 
whether those among his seniors who put their names to his 
account of his research can emerge unscathed from the mess that 
has been created. The difficulty is that by convention — not 
merely a convention of the scientific literature but of scholarship 
and intellectual intercourse in general — people who put their 
names to a publication must be able to defend what has been said. 
Again on the face of things, this seems not to have been the case at 
Cornell. After the Cold Spring Harbor meeting, Professor 
Racker seems to have checked his junior colleague’s work. Should 
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on long-range nuclear weapons. In parallel, there is a case for _ 






he not have been there at the beginning?. 

What, in these unhappy circumstances, should be done? 
Internally, as a free-standing university of some repute, Cornell 
needs to discover for itself what has gone wrong. With a little 
luck, it may discover that there is something to be salvaged. There 
is, however, a chance that it may also discover that there is 
something wrong in the usual relationship between Junior and 
senior investigators (who spend respectively too much and too 
little time at the bench). The awkward truth about experimental! 
investigations is that no amount of preliminary planning and no 
amount of eventual statistical analysis (or some other form of 
assistance) can adequately substitute for having measured 
something or having observed it. Those whose administrative and 
other extra-laboratory responsibilities are too pressing to permit 
the strict observance of this rule should acknowledge the risks that 
they are running. And those in Congress who have been 
speculating, during this year’s seemingly endless inquiries on the 
question of falsification, that the penalties of failure have become 
intolerably great, should now give some thought to the possibility 
that the rewards of success have also been too great. 


Students vote with feet 


In the British system of higher education, this is the most 
poignant season of the year. For this is when would-be students 
who have been refused by the universities to which they first 
applied for entry are matched (by the Universities’ Central 
Council on Admissions) with the vacancies still left within the 
system. The euphemism for the process is the ‘‘clearing’’. The 
process is largely mechanical. Students have already declared 
their interests, and the council’s computer can be reckoned on to 
ensure that the best qualified among such would-be students as 
wish to spend the rest of their lives in the study of, say, Sanskrit 
will find their way to the establishments offering instruction in 
such arcane pursuits. In reality, of course, there is no conspicuous 
institution within the British educational system that offers to 
gratify such ambitions. There are, however, many universities 
that have informed the central computer that they could 
accommodate so many students in modern languages, the 
humanities, medicine and the sciences. 

Last week, the council put out a statement to the schools 
warning head teachers that, this year, the ‘‘clearing’’ would find 
places in higher education for fewer people — perhaps half as 
many — than it was able to accommodate last year. Would-be 
scientists will be frequently disappointed, for young people (no 
doubt by a quick reading of job advertisements in the newspapers) 
have apparently worked out that technical skills are more 
marketable than other kinds of skills. The result is that would-be 
Sanskrit students are even more likely to be satisfied by the 
clearing, and that more would-be scientists than ever will join the 
dole queues. 

This is a multi-dimensional nonsense. The University Grants 
Committee, remarking that science and its application is probably 
in the national interest, as well as the upturn in enthusiasm among 
young people, has decreed that the numbers of students on science 
courses should be reduced by a smaller proportion than the 
numbers of students following other kinds of courses. But there is 
nevertheless to be a reduction, of the order of five per cent in the 
next three years. The difficulty is that nobody can at this stage 
know whether the willingness of universities to educate different 
kinds of students corresponds with the government’s intentions. 
Some may even have compromised with the wish of their Sanskrit 
teachers (and the like) to retain their tenured posts. Accordingly, 
nobody should think of crying scandal if it turns out, when the 
“clearing” is done with, that the dole queues are more richly 
endowed with would-be scientists than with other disappointed 
university students. That, after all, is how the system has been 
constructed. The tragedy is that in the first year in ten in which 
there has been a substantial resurgence of interest in learning 
science, British universities should have found themselves unable 
to respond. 
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Cornell retracts 
reports of 


kinase cascade 


Boston 

The authenticity of one of the year’s 
most exciting biochemical announcements 
has. been cast in doubt. The remarkable 
biochemical pathway presented at the 
20-24 May Cold Spring Harbor Tumor 
Virus meeting, the ‘‘kinase cascade”, has 
slipped back into the ranks of the uncon- 
firmed. This provocative scheme, 
described to the meeting by Mr Mark 
Spector, offered a mechanism whereby the 
products of RNA tumour virus 
transforming genes initiated a sequence of 
reactions that helped explain how a normal 
cell is converted into a tumour cell. 

Professor Efraim Racker, of Cornell 
University, in whose laboratory the work 
was done, has now sent a carefully worded 
retraction to Science and Cell withdrawing 
his confidence in some of the data from his 
laboratory’s latest work and its recent 
publication in the pages of those two 
journals. In his retraction, Professor 
Racker says that although he believes the 
major concepts and components of the 
protein kinase cascade are correct, he 
doubts the authenticity of some of the 
data. Professor Racker also hopes to 
substitute a new paper for one he submitted 
to the Cold Spring Harbor Symposium, 
thus preventing further unreliable data 
from reaching publication. 

The retraction Professor Racker is 
sending to Science and Cell is problematic 
because although his group has had 
difficulty reproducing results pointing to a 
cascade, such a pathway may turn out to be 
correct. 

The presentation of the ‘‘kinase 
cascade’’ was the high point of the Cold 
Spring Harbor meeting (see Nature 292, 15; 
1981) and has been the centre of discussion 
in the biochemical community since then. 
The result was so exciting that it was even 


placed on the front cover of the Cold- 


Spring Harbor abstract book. But some 
members of the audience were sceptical of 
the work from the start. Sceptics believed 
that the results looked too clean and were 
shocked at the speed with which it had been 
completed. Professor Racker was 
confronted with these suspicions soon after 
the meeting and further questions arose 
when other laboratories nationwide were 
unable to reproduce the results. 

Professor Racker says that he went into 
the laboratory himself six weeks ago to try 
to reproduce the work. He quickly 
= confirmed that the final step of the cascade 
~.. (the phosphorylation of a tyrosine residue 
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‘Spectacular cancer mechanism doub 


on the B-subunit of a membrane ATPase), 
was correct as first reported (J. biol. Chem. 
255, 5504; 1980). 

He later confirmed another interesting 
result: the identification of a 6,000-dalton 
polypeptide which activates some kinases 
and phenotypically transforms cell lines. 
He has since sent this tumour growth factor 
to outside laboratories for verification. 

But except for these two pieces of good 
news for those rooting for the cascade, ail 
attempts at reproducing previously 
reported results have failed. Professor 
Racker and his collaborator Dr Volker 
Vogt (also of Cornell University) who is a 
co-author of the Cell paper, both believe 
that all experiments reported involving 
antisera are suspect. 

Professor Racker’s retraction comes less 
than a month after the publication of his 


Biochemical cascades and carcinogenesis 


The biochemical pathway described in a 
series of papers published in the past year 
by Mark Spector and Professor Efraim 
Racker, with or without others from 
Cornell University, centres on four new 
enzymes. The enzymes were said to be 
linked in a cascade of reactions such that 
the activation of any one of them had the 
end result of reducing the efficiency of the 
cell membrane enzyme that is responsible 
for pumping sodium out of cells. Only in 
tumour cells did the cascade appear to be 
activated and the sodium pump to be 
inefficient. 

The link of this observation with cancer 
was tenuous but enticing. Otto Warburg, 
in the 1920s, first showed that tumour cells 
exhibit an excessive fermentation of 
glucose to lactic acid, a biochemical 
pathway that consumes ADP and 
inorganic phosphate. These are the two 
products of the hydrolysis of ATP which 
accompanies the pumping of sodium from 
the cell and which provides the energy to 
drive the pump. 

An inefficient pump, as described by 
Spector and Racker for tumour cells, 
would hydrolyse more ATP than a normal 
cell in keeping the cellular sodium at 
acceptable levels. Since that would result in 
the production of abnormally large 
amounts of ADP and inorganic phosphate, 
the observed increase in tumour cells of 
glucose fermentation was explained. 

There was an additional link between 
cancer and the cascade, forged particularly 
in the July issue of Cell. The infection of 
many cells by tumour viruses is known to 
be followed by the appearance of new 
phosphorylating enzymes in the cell. But 
exactly what they phosphorylate and with 
what consequence has remained an 
enigma. The cascade provided a solution. 

In their Cell paper, Spector ef al. 
presented evidence that the enzyme 
produced when one particular tumour 














latest article. Other than the twocern 
results, the substantiation of all other d: 
will take months to complete. Until the 
the biochemical community must wait. — 

David Dickson adds (from Was 
ington}: Mr Mark Spector is 3 
graduate student ai the Department o 
Biochemistry and Molecular and Cel 
Biology at Cornell University, where he has . 
a reputation for working eighteen hours a 
day. Professor Racker said that the par 
read at the Cold Spring Harbor sympositi 
had now been withdrawn. ee 

He also said that while some parts of the se 
scheme worked out by Spector had been © 
confirmed, including the role of the =o 
6,000-dalton polypeptide isolated by : 
Spector, “we are finding more and more o 
things that we suspect’, ee 
Michael). Stein o 


virus infected cells was very similar to one 
of the cascade enzymes, The virus might _ 
activate the cascade by the production of — 
increased amounts of one of its members. 
In other cases it was thought more likely 
that activation followed phosphorylation 
of one of the members of the cascade bya | 
virally produced phosphorylating enzyme. 
Despite the attraction of this scheme, it 
came in for sceptical comment from o c žo 
September 1980, with the publication of 
the evidence that the sodium pump from” 
tumour cells was phosphorylated and 
rendered inefficient. Doubts centred on the 
identity of the pumping enzyme and the = 
likelihood of the result, given the artifical __ 
— if elegant — system used. ae 
Data published by Spector etal inthel0 
May issue of the Jowrnal of Biological o 
Chemistry, and in Ceil(and reviewed ini? o o 
July Science) attempted to establish the 
identity and activity of the cascade o 
enzymes. Doubts about this work centred 
largely on the speed of progress. a 
At the Cold Spring Harbor meeting in 
May, Spector was allowed to give the — 
longest talk of any contributor — his talk — 
was rescheduled to be the last of an evening | 
session so that he could present as much of © 
his data as possible. Even so, much of it. 
had to be passed over at too great a speed 
for appraisal and it was widely felt that. 
Spector’s response to some of the questions 
was vague. It was also clear that Spector 
was being cold-shouldered by the majority. 
of senior participants at the meeting. in 
private, Spector admitted to being hurt by 
the scepticism but readily agreed that many 
of his conclusions were tentative and 
needed substantiation. When it was put to 
him that even if only 50 per cent was 
substantiated, the work would still be of 
great importance, as basic biochemistry 
even if not related to cancer, Spector said 
he would be pleased if 20 per cent were 
confirmed. Peter Newmark 
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-~ Washington 
- The thirty-first Pugwash meeting on 
arms control and nuclear disarmament 
-= took place last week at Banff in Alberta, 
~~ put for the first time in its 24-year history, 
the Pugwash movement had visa appli- 
„cations rejected for two scientists who had 
een invited to attend the meeting. 
-The Canadian government refused 
~ permission for two Soviet scientists, Dr 
-.. Vladimir Paylichenko of the presidium of 
the Soviet Academy of Sciences, and Dr 
~ Vladimir Ustinov, described as a specialist 
«in disarmament and the history of science, 
to attend the meeting. 

No reasons were given by the govern- 
ment for its decision, apart from the 
statement that it had been made on the 

<=: grounds of national security. 

=> On the first day of its meeting, the 

-Pugwash council issued a strongly worded 

protest against the exclusion of the two 
Soviet scientists, claiming that ‘“‘the 
suspicion and distrust which existed in 1957 
which our meetings have always tried to 
dispel still exist, even in a country as open, 
friendly and generous as Canada’’. 

oo. The statement said that the Pugwash 

“movement had always considered it 
essential that it should enable people to 

= meet who hold different opinions, come 

from different backgrounds, and have 

different experiences. “We regard the 

< exclusion of individuals whose presence we 

_ have invited as a breach of this principle 
against which we most strongly protest.” 

< -7 The council also said that the Canadian 

= government’s decision ‘‘makes it clear that 
' Pugwash meetings are more urgently 

needed than ever before if nuclear war is to 

-pe averted and peace secured’’. Following 

agreement on this statement, a telegram 
-protesting at the decisions was also sent to 

~ Canada’s Ministry of External Affairs by 

= all members of the Canadian delegation at 
< the meeting. 
>: No action, however, was taken by the nine 
-o Soviet scientists who were already attending 
- the meeting, and who continued to 
participate in the closed sessions. | 
> Atthe end of the week-long meeting, the 
> council endorsed a so-called 
<> “suffocation’’ strategy for limiting the 
<<: spread of nuclear weapons that had first 
‘been proposed three years ago by Canadian 
prime minister Pierre Trudeau. Under this 
‘strategy, an immediate moratorium on the 
deployment of new weapons would be 
followed by agreements to limit weapons 
‘production and tests, a ban on all nuclear 
tests and a cutoff in the production of 
fissile material. 

The statement said that the Soviet and 
~~ US governments should “‘reaffirm their 
= intention to maintain equal security at 

more stable and lower force levels”. It also 
considered it essential that serious 
negotations on limiting nuclear weapons in 
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_ Europe begin soon 





7 “before it is too late to 
set low limits’’, and in the context of moves 
that it said might destabilize the present 
balance of forces between East and West, 
suggested that highly accurate counter- 
strike missiles ‘‘are particularly dangerous 
since they create mutual fears of a first 
strike”. 

Soviet scientists at the meeting strongly 
denounced the United States for apparently 
dragging its feet over arms control 
negotiations. ‘“The only obstacle on the way 
to arms control is the position of the United 
States,” said Georgi A. Arbatov, director of 
the Soviet Institute for United States and 
Canadian Studies. The Soviet delegates 
resisted criticism of moves which had been 
taken by their own country. 

One of the other proposals that the 
council agreed to support was for the 
United Nations to organize a global 
conference on international security. The 
council also advocated a ‘‘global 
approach’’ to the problem of future energy 
supplies and the potential conflicts that 
could arise over energy shortages. 

‘‘The general feeling is that it has been a 
very successful conference,’’ said Mr 
William Epstein, the conference organizer 
and head of the Canadian delegation, 
adding that the refused visas had become 
‘“‘a relatively minor issue after a small flurry 
on the first day.” David Dickson 


Forensic science 


Evidence upheld 


Dr Colin Horncastle, the British forensic 
scientist who was taken off casework after 
publishing what has been described as a 
‘farcical’ and ‘‘archaic’’ paper on 
toxicology, last week lost his appeal against 
the ruling of an industrial tribunal. The 
tribunal had upheld the decision of Dr A. 
S. Curry, controller of the Forensic Science 
Service, to take Dr Horncastle off 
casework, ruling that the offer of a 
teaching post meant that he had not been 
effectively dismissed. The Employment 
Appeal Tribunal found last week that the 
original judgement had not erred on points 
of law. 

Dr Horncastle’s is one of three recent 
cases in which senior forensic scientists 
have been dismissed. Last week, the Home 
Office announced that Dr Alan Clift, a 
principal scientific officer with the West 
Midlands forensic service, is to be 
compulsorily retired ‘‘on grounds of 
limited efficiency”. Dr Clift has given 
forensic evidence on at least one occasion 
which has led to a wrongful conviction. 
The third case concerns a police surgeon 
who was dismissed for giving evidence for 
the defence. 

The Home Secretary has announced that 
all Dr Clift’s cases since 1966 in which the 
defendant had pleaded not guilty but was 
convicted are to be reexamined. And there 
have been calls for a full inquiry into the 
running of the Forensic Science Service. 








Forensic scientists themselves seem to be 
divided in their opinions. 

The case of Dr Horncastle, who worked 
in Chepstow at one of seven regional 
forensic laboratories, began after a paper 
he had submitted in 1973 to the journal of 
the British Academy of Forensic Science, 
Medicine, Science and the Law, was 
published in 1977. Dr Alan Curry, with the 
advice of six toxicologists, considered that 
the paper cast doubt on Dr Horncastle’s 
competence to give evidence in court and 
that it was the product of a deranged mind. 
Called ‘‘Toxicology: quantitative aspects” 
(Vol. 17, No. 1, p.37), the paper relates the 
drug content of organs to dose and 
estimates time of death using a simple law 
of linear diffusion. The data are scattered, 
leading the author to dwell on the 
uncertainties of forensic science. 

Dr Horncastle was first moved from 
casework to research. But two years later, 
after a poor assessment of performance, a 
retirement board recommended that he be 
offered a teaching post, which he turned 
down last year in favour of voluntary 
retirement. 

Dr Horncastle has argued that the paper 
he published in 1977 was very similar to a 
talk he delivered at the Forensic Science 
Service’s Central Research Establishment 
at Aldermaston in 1969, which aroused no 
adverse comment even though Dr Curry 
was chairing the meeting. He also points 
out that in the years between writing and 
publication of the paper there had been no 
complaints about his work, and that he 
might never have been aware of the 
strength of opinion had he not taken his 
case to the Industrial Tribunal. 

Judy Redfearn 


Air pollution control 
Indoor hazards 


Washington 

The US research community seems to be 
on a collision course with the Reagan 
Administration over the need for further 
study of the health effects of indoor air 
pollution, ranging from radon emitted 
by building materials to the second-hand 
effects of cigarette smoke, and the 
formaldehyde used in foam insulation. 

Mrs Anne Gorsuch, the new 


‘administrator of the Environmental 


Protection Agency (EPA), has apparently 
decided on major reductions in the 
agency’s support for research into indoor 
air 
pollutants in the 1982 fiscal year, which 
begins next month, and to eliminate the 
research programme the following year. 
These decisions follow close on the heels 
of a report published by the National 
Academy of Sciences which claims that 
although indoor exposure can constitute an 
important fraction of the total exposure to 
many pollutants, it has been largely over- 
looked in research on the health effects of 
environmental! pollutants. In some cases, 
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| mn, the report says that there is 
an “urgent need” to study such health 
effects, since on the basis of known effects 
in miners exposed to radon and radon 
progeny at relatively high concentrations, 
“a plausible case can be made that a 
substantial fraction of the lung cancer 
incidence in non-smokers is due to the 
alpha-radiation’ dose to the respiratory 
tract epitheliu: «from inhaled and 
deposited radon progeny particles” 

The academy report, which was 
prepared for EPA by a committee of the 
National Research Council’s board on 
toxicology and environmental health 
hazards, supports the conclusion of a 
report issued last year by the General 
Accounting Office, the investigatory arm 
of the US ‘Congress, that indoor air 
pollution may pose a “potentially more 
serious health problem” than the degrad- 
ation of outdoor air on which the federal 
government’s clean-up efforts have so far 
been concentrated. 

Other studies have reached a similar con- 
clusion. A recent meeting of the public 
health committee of the New York 
Academy of Sciences reached a consensus 
view that ‘“‘there are important and 
neglected disease consequences related to 
indoor air pollution’? from causes that 
include viruses and bacteria, toxic gases, 
chemical radiation and particular matter. 

The indications in Washington 
are that, far from increasing the budget for 
research into such effects, EPA and other 
agencies intend to cut back on research 
funds. Virtually all of EPA’s present 
research into the potential effects of radon, 
for example, is being dropped. 

Yet scientists with the General Electric 
Research and Development Center in 
Schenectady, New York, claim that there is 
*‘general recognition’ by health physicists 
that the public receive greater exposure to 
radioactivity. through ‘‘natural but 
controllable causes’’ in homes and other 
types of buildings than from the ‘‘hypo- 
thetical hazards associated with the 
generation of nuclear power’’. 

The federal government has not ignored 
such warnings. For example, an inter- 
agency group set up two years ago to 
coordinate the work of the various agencies 
concerned with indoor air pollution 
published an inventory of present research 
in the field and the proceedings of a 
workshop on research needs,and is now 
working on an outline for future research 
priorities which may indicate how work 
should be distributed between the agencies. 

Two obstacles stand in the way of such a 
plan. The first is an Administration 
zealously pursuing a desire to minimize the 
economic impact of health and environ- 
mental regulation. The second barrier is 
inter-agency tension caused by conflicting 
mandates. EPA, for example, estimates 
that the Department of Energy’s 
programme for improving home insulation 
could cause between 10,000 and 20,000 
additional lung cancer deaths a year due to 
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increased radon build-up. The 
department disputes these figures. 

Such conflicts have inevitably created 
difficulties over research coordination. At 
one point, for example, the inter-agency 
committee was planning to suggest that 
EPA be appointed the principal agency for 
coordinating the federal attack on indoor 
air pollution. 

However, this was apparently vetoed by 
the Office of Management and Budget, 
which was reluctant to commit the 
Administration to the substantial expen- 
ditures that an aggressive regulatory 
programme might entail, and sympathetic 
to the Department of Energy’s arguments 
that it should be allowed to share lead- 
agency responsibilities. 

The position of the new hierarchy at 
EPA on indoor air pollution research has 
yet to be officially revealed. Last month 
Representative Toby Moffett, chairman of 
the environment, energy and natural 
resources subcommittee of the House 
Committee on Government Operations, 
wrote to Mrs Gorsuch asking for details of 
the agency’s plans and suggesting that, 
rather than cutting back, “EPA should 
instead be expanding its research effort” 

No reply has yet been received from 
Mrs Gorsuch. David Dickson 


British Association 
Royal occasion 


The 150th anniversary meeting of the 
British Association passed off decorously 
enough last week in the splendid 
architectural setting of the city of York. 
The Duke of Kent delivered a forthright 
defence of science against its critics in one 
of the loveliest of British cathedrals, York 
Minster. A symposium of distinguished 
academics surveyed the past 150 years in 
their own subjects with a little less sense of 
occasion than their written texts suggested 
would be appropriate (see Nature 
3 September, p.13), half of them in the 
opulent academic setting of the University 
of York, increasingly regarded as a 
monument to the time when the cost of 
university education was regarded as no 
impediment to its indefinite expansion: a 
symposium of speakers with contrasting 
views held forth on the prospects of nuclear 
war in Europe; the association failed to 
come to a decision about the appointment 
of a secretary; and none of those among its 
members questioned knew why a 150th 
birthday party should be called a 
“‘sesquicentenary’’. 

The Duke of Kent, a Yorkshireman by 
marriage but not on that account qualified 
to play cricket for the county of Yorkshire, 
surprised his audience by the zeal of his 
commitment io the cause of unfettered 
science. Imagine, he said to his audience, a 
world without electricity. Would we like 
that? Would we be any happier? So should 
we not take with a pinch of salt the siren 
calls of those who say that we would all be 














|Ariane delayed” ~ 


The fourth and final test flight of 
Ariane, the European Space Agency’s 
rocket launcher, will probably be delaye 
beyond mid-November by a problem 
with its payload, the maritime 
communications satellite, Marecs.. 
Mechanical interference between the 
satellite’s antenna and body is causin 
passive inter-modulation. of radio wav. 
at high frequencies, according ta. Britis 
Aerospace, prime contractor for 
satellite. The problem, not uncommon: 
telecommunications satellites, ha 
apparently been solved under ambient 
conditions but tests still need to be done 
in a thermal vacuum chamber. The] 
launch is now unlikely before early) 
December. lye Redfeara = 




























































































more human if Faraday and Maxwell hed 
never lived? Some asked themselves who 
the Royal Duke was getting at; everybody — 
agreed that it was good stirring stuff — 
stuff calculated to help them endure the 
city of York’s boxed lunch. 

The nuclear symposium was, in ils way, a 
daring innovation on the part of the 
association. Mr Edward Thompson, the 
historian, made an arresting speech on 
behalf of the cause of non-governmental 
efforts in support of European nuclear 
disarmament; Dr David Owen, Foreign — 
Secretary in the previous British govern- 
ment and now one of the founders of the- 
Social Democratic Party in the United 
Kingdom, came out in favour of a nuclear- 
free zone in central Europe. As has-been 
the association’s habit for the past 150 
years, there was too little time for dis- 
cussion by the time that every listed speaker 
had had his (sic) say. l 

Otherwise, the association provided for 
its members the usual miscellaneous range 
of conversational gambits. Did you know 
that there must be something wrong with 
the textbook explanations of geomorphism — 
and phototrophism (the phenomena by 
which plant roots grow down and supra- 
terrestrial parts of plants grow towards the 
Sun respectively)? Did you know that net. 
everybody accepts the cataclysmic expla- 
nation of the transition from the 
Cretaceous to the Tertiary? With a whole 
day given over to the formal birthday cele 
brations, it is perhaps no wonder that s@ 
members were disappointed that there h 
been so little into which to sink their teeth 

The higher politics of the association ar 
increasingly unbelievable. On occasion 
such as the annual meeting, members of 
several tiers of committees have a chance to 
say what they think should happen to the 
association. Their outstanding problem is 
the appointment of a secretary, essentially 
their chief executive officer. Apparently. 
not decision has been reached except 
a suitable candidate “comes a ale 
aad will be ‘appointed. 
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Sir — We have observed a trait of C3H/He 
mice which makes them unsuitable for some 
experiments but which is of intrinsic interest. 


3 . While testing a highly purified, minimal- 
-antigen diet for acceptability by mice of this 


strain, we noticed that they produced vast 


S = quantities of urine, many excreting their body 
weights in urine daily. 


Female C3H/He mice, weighing 15g, drank 
- 7 ml water and excreted 2 ml urine daily when 
fed BP Nutrition Diet 3 (a typical breeding 
diet). After 3 days on the test diet the same 
mice drank 20 ml water and excreted 15 ml 
urine daily. When returned to the stock diet, 
they reverted to normal. 

We have successfully maintained without 
polyuria strains NMRI and BALB/c on this 
test diet, so it seems likely that C3H/He mice 
have a genetically determined lesion in their 
regulatory mechanism for water balance. 
Although the composition of the diet is 
complex (49 ingredients) it is based on the 
National Research Council requirements for 
rats! and contains 13 per cent amino acid 
mixture, 3.6 per cent corn oil, 78 per cent 
glucose, 3.9 per cent mineral mixture and 1.1 
per cent vitamin mixture. 

As we ourselves are not studying water 
balance, we hope that this report will stimulate 
further investigation of this phenomenon by 
others with whom we would be pleased to 


cooperate. 
p A. WISE 


D. TUCKER 
MRC Laboratory Animals Centre, 
Carshalton, Surrey, UK 
Lo National Research Council, Nutrient Requirements of 


Laboratory Animals (National Academy of Sciences, 
Washington DC, 1978). 


A correction 


Sin — An article by Jasper Becker (Nature 20 
August, p.665) describes the German Cancer 
Research Institute in Heidelberg and the 
politics at that institution. The third paragraph 
states, ‘‘The attack soon broadened to 
Neurath’s qualifications and it turned out that 
he had in fact previously only been scientific 
advisor to the University of Seattle”. I would 
like to set the record straight regarding this 
inaccurate reporting. 

Dr Neurath was professor and chairman of 
the Department of Biochemistry at the 
University of Washington for 25 years. He has 
authored or co-authored over 350 manuscripts 
published in major scientific journals. 
Furthermore, he has been editor of 
Biochemistry during the past 20 years and 
editor or co-editor of a number of scientific 
books. Since 1961, he has been a member of 
the National Academy of Sciences in the 
United States. He was also the associate 
director for research at the Fred Hutchinson 
Cancer Research Center here in Seattle. Thus, 
for your article to state that he had in fact 
previously only been scientific advisor to the 
University of Seattle is totally erroneous. A 
simple phone call to any biochemist in the 
world could have clarified this poor reporting. 

Ear. W. DAVIE 
University of Washington, 
Seattle, USA 
We apologize to Dr Neurath and the 
University of Washington for this error — 
Editor, Nature. 


- Diet-induced polyuria 


Resistant cattle 


Sir — I read with interest your comments on 
the plans for a new research institute in the 
Gambia to investigate why N’ Dama cattle in 
Africa seem to be more resistant to 
trypanosome infection than Zebu cattle 
(Nature 9 July, p.102). 

At least two new institutions have set up 
with the same objectives and are now 
operational. One is the Centre d’Elevage et de 
Recherche sur la Trypanosomiase et la 
Trypanotolérance located in Avetonou, Togo, 
which is sponsored by the German Agency for 
Technical Cooperation (GTZ) and the 
Togolese government. Several thousands of 
pedigree N’ Dama, as well as Baoulé, Zebu and 
‘‘local breed’’ cattle are available and the 
emphasis is on breeding cattle resistant to 
trypanosomiasis and making them available to 
local farmers. The other is the Centre de 
Recherches sur les Trypanosomoses Animales 
in Bobo-Dioulasso, Haute-Volta, sponsored 
by GTZ and the Institut d’Elevage et de 
Médecine Vétérinaire des Pays Tropicaux 
(Maisons-Alfort, France). Here the emphasis 
is on more basic research in immunology, 
biochemistry and genetics. There are also 
excellent tsetse fly raising facilities. 

Research on some genetic markers of 
trypanotolerance, including erythrocyte 
groups, glucose-6-phosphate dehydrogenase, 
haemoglobins and transferrins, is near 
completion. Characterization of genetic 
markers for the identification of resistant 
cattle using monoclonal antibody technology 
is under way. 

The two centres are working in close 
cooperation and have access to further 
material through a network of institutions and 
field stations in Togo, Ivory Coast, Upper 
Volta and Mali, hopefully to be extended to 
other geographical areas. 

We would gladly provide technical 
information to anyone interested. 

GEORGES E. ROELANTS 
Bobo-Dioulasso, 
Upper Volta 


Random diets 


Sır — Dr Yudkin!-? agrees with the recent 
report of the Royal College of Physicians? 
that, while there is some evidence that dietary 
fibre may reduce the risk of colon cancer, it 
falls far short of proof beyond reasonable 
doubt. Drs Weisburger and Reddy*, on the 
other hand, believe that the present data base 
is adequate to conclude that fibre-rich bread 
and cereal ‘‘have every chance of reducing the 
risk of colon cancer’’. That correspondence?4 
illustrates yet again how difficult it is to gain 
reliable information about the health effects of 
dietary factors. Our recent review? of the 
causes of cancer, while concluding that on 
present evidence it was very reasonable to 
hope that certain (though perhaps not all) 
types of dietary fibre were importantly 
protective, emphasized that it was also 
reasonable to remain unconvinced, and 
recommended that the practicability of 
randomly controlled interventions be 
investigated. 

One of the currently favoured hypotheses is 
that certain types of fibre affect the later 
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stages of the process of carcinogenesis, in 
which case (to judge by the rapidity with 
which measurable effects of cessation of 
smoking are evident) there should be a 
substantial reduction in risk during a period 
only 5-9 years after switching to a high-fibre 
diet, so it might just be possible to obtain 
reliable evidence, acceptable to all parties, by 


-means of a really large randomized trial lasting 


for about 10 years. However, even among 
people aged about 70, only about Í per cent 
will develop cancer of the large intestine 
during a given five-year period. So, to observe 
a few hundred disease onsets between years 5 
and 9 in such a study, a few tens of thousands 
of people would have to be randomized. The 
practical problems of such an enterprise are 
formidable, though they may not be 
insurmountable as long as the people to be 
randomized are selected appropriately (to 
judge by the degree of continuing 
collaboration among some thousands of 
members of the British medical profession in a 
randomized evaluation of treatment of the 
doctors with prophylactic aspirin). The 
feasibility of a randomized evaluation of 
particular types of dietary fibre (and of 
various other dietary hypotheses) is a matter 
that can be resolved not by assertion but by 
pilot studies, in carefully selected populations, 
of the number of subjects that can be 
recruited, the cost per subject (which must, by 
simplicity of design, be kept low), and the 
degree of compliance that can be attained in a 
large randomized trial. 

If some such randomized studies are 
practicable then they could lead to an 
unequivocal resolution of many dietary 
hypotheses, relating to both neoplastic and 
vascular disease, that would otherwise be 
subjected to indefinite dispute. Although 
randomized evaluation of the top ten dietary 
hypotheses (including, hopefully, the role of 
various types of dietary fibre) may yield only 
one or two findings that are clearly positive, 
the public health implications of having a few 
pieces of reliable dietary information to 
communicate would easily justify the costs of 
several such trials, even if most found no 
differences. 

Observational epidemiology does strongly 
suggest that some unidentified dietary factors 
are important determinants of cancer risks), 
but although observational epidemiology 
alone has yielded proof beyond reasonable 
doubt of the main effects of tobacco, alcohol, 
radiation and certain occupational and 
reproductive factors5, the complexity of diet 
and the strong correlations that commonly 
exist between different dietary factors mean 
that equally reliable evidence about diet may 
be difficult to attain without large, simple, 
long-term randomized studies. 


RICHARD PETO 


Radcliffe Infirmary, 
Oxford, UK 
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CLIMATOLOGISTS and meteorologists have 
long puzzled over the causes of large 
anomalies in the weather. One does not 
need a particularly good memory to recall 
such anomalies: the summer drought in 
Great Britain in 1976 and the combined 
American western drought and eastern 
cold spell during the 1976-77 winter are 
good examples. These events are as 
important today as they have ever been, 
both because of the demand on energy and 
water resources and because agriculture 
has been planned to be efficient in average 
weather conditions. If the anomalies could 
be anticipated, the social and economic 
disruption they cause could be greatly 
lessened. 

It is useful to think of the state of the 
atmosphere as composed of the average 
around latitude circles (the zonal mean) 
and the deviation from this average (the 
eddy or wave component)’. Most of the 
year-to-year variability of the average 
weather in a particular region can be 
associated with shifts in the position and 
intensity of quasi-stationary, large spatial 
scale waves forced by localized heat sources 
and mountain ranges. These waves are 
known as planetary waves and need to be 
distinguished from the smaller-scale 
transient storms which produce most of the 
precipitation in mid-latitudes. The paths 
which the transient storms follow during 
their life cycles are determined by the flow 
pattern composed of the zonal mean and 
the quasi-stationary planetary waves. 
Changes in the planetary wave structure 
can produce droughts by steering storms 
away from a region. A climatology of 
planetary waves, based on a Fourier 
analysis of the height of the 500 mbar 
pressure surface, has recently been 
presented by Reiter and Westhoff?. They 
point out that the amplitude and degree of 
stationarity of particular Fourier 
components at particular latitudes vary 
both with season and on an interannual 
basis. 

It is known that there is some degree of 
organized structure to the interannual 
variability in the wind and temperature 
fields associated with droughts and cold 
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roughts, severe winters and 
udden stratospheric warmings 


from Dennis Hartmann 


winters in particular regions. A com- 
prehensive description of the patterns 
which appear in the Northern Hemisphere 
during winter has recently been given by 
Wallace and Gutzler?. Some of these 
patterns suggest direct links between 
anomalies in the tropics and anomalies in 
mid-latitudes, particularly for the western 
North American region*. Hoskins and 
Karoly* have applied linear wave theory to 
the horizontal propagation of planetary 
Rossby waves on a sphere and have been 
able to reproduce the general shape of the 
anomaly patterns found in the obser- 
vations. The theory indicates that the 
group velocity of the wavetrains corres- 
ponding to the observed anomaly patterns 
which extend from the tropics to mid- 
latitudes is such that energy flows from the 
tropics towards higher latitudes. The 
theory also predicts that, in the absence of 
dissipation, the amplitude of stationary 
waves forced in the tropics will increase 
along the wavetrain towards higher 
latitudes. This result, combined with the 
fact that very large localized latent heat 
release is common in the tropics, suggest 
that it may be easier to force mid-latitude 
anomalies from the tropics than from 
within the mid-latitudes themselves. This 
conclusion depends heavily upon the 
amount of dissipation to which the 
planetary waves are subject and also upon 
the details of the planetary wave behaviour 
where the zonal mean wind approaches 
zero, at which point the linear theory may 
not be adequate. A satisfactory nonlinear 
theory for the behaviour of planetary 
waves near a surface of zero zonal mean 
wind is not yet available. Nonetheless, the 
existence of preferred patterns for the 
interannual variability of climate and the 
apparent success of linear theory in 
producing some of these patterns has led to 
renewed hope that interannual variability 
may eventually be understood and perhaps 
forecast. 


Dennis Hartmann is in the Department of 
Atmospheric Sciences, University of 
Washington, Seattle. 





Recent observational and theoretical 
advances have also been made in the area of 
stratospheric dynamics, where planetary 
waves are again of major importance. Thes 
stratosphere, the region from apei 
proximately 15 to 60 km above the Earth's 
surface, contains the majority of the 
atmosphere’s ozone, which protects the 
biosphere from most of the Sun’s harmful - 
ultraviolet radiation. The amount of ozone 
in the stratosphere is controlled both. by 
photochemistry and by transport by 
atmospheric motions. A Fourier analysis 
around latitude circles shows that the 
majority of the wave energy im the: 
stratosphere is contained.in the first three 
Fourier components. These planetary. 
waves are known to originate in the 
troposphere, and are, in fact, the same 
waves which account for the east-west. 
climate variation at the surface. 

The upward propagation of these waves 
from the troposphere to the stratosphere 
can be understood in terms of the linear 
theory of planetary Rossby wave -pro- 
pagation through the medium defined. by: 
the zonal mean wind and temperature 
distribution. Our knowledge of the stratos coi 
sphere has been greatly increased with the | 
advent of satellite-based indirect: | 
observations, beginning with the Selective 
Chopper Radiometer developed at thec- 
Department of Atmospheric Physics of 
Oxford University®. The paper by 
Chapman and Miles’ in this issue of Nature . 
describes the use of conventional ang 
satellite observations to trace the upward 
and meridional flow of planetary wavs 
energy from the troposphere to the- 
stratosphere. They show that the general 
behaviour of the energy flux vectors is ino 
good agreement with linear wave pro- 
pagation theory. 

The upward propagating planetary 
waves can alter the zonal mean structure 
through which they propagate. The most 
spectacular example of the effect of 
upward propagating waves on zonal mean 
conditions in the stratosphere is thesudden._. 
stratospheric warming phenomenon*. In- 
winter the polar temper | 
stratosphere are generally 
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than the equatorial temperatures. During 
sudden warmings, which occur in mid- 
winter in the Northern Hemisphere 
roughly every other year, over the period of 
a few weeks the polar temperatures 
increase by as much as 60 K and the normal 
west to east zonal mean wind is reversed. 
During one of these events the total ozone 
column in middle and high latitudes is 
greatly increased. Clearly, such dramatic 
events call for an adequate theory of wave- 
- mean flow interaction. Recently Andrews 
< and Mcintyre! have advanced the 
© theoretical undestanding of wave-mean 
flow interaction by introducing generalized 
lagrangian mean and transformed eulerian 
mean forms of the equations of motion. 
The transformed eulerian mean 


formulation provides a useful framework 
for diagnostic studies of wave-mean flow 
interaction, wherein changes in the zonal 
mean flow are related to the divergence of 
the so-called Eliassen-Palm flux''. The 
Eliassen-Palm flux vectors would appear 
much like the energy flux vectors shown by 
Chapman and Miles but are a measure of 
wave action flux rather than wave energy 


flux. These vectors are parallel to the group 
velocity for stationary, conservative waves 
on a constant mean flow. Recent studies 
with observations and numerical 
simulations of sudden warmings suggest 
that the vectors, which normally point 
upwards and equatorwards, point upwards 
and polewards when a warming is taking 


place!*)!3. G 
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Looking for genomic changes in 


from B.A. J. Ponder 


MucH of cancer research is aimed at 
discovering how a normal cell turns into a 
cancer cell. A straightforward approach is 
to compare the cancer cell with the normal 
cell from which it was derived and look for 
informative differences. So far, most 
effort has gone into comparing cellular 
phenotypes, because techniques have been 
available to make the comparisons. With 
the development of recombinant DNA 
technology, a direct attack on genomic 
differences between normal cells and 
cancer cells should also be possible. A 
report, by Peter Humphries, of one of the 
first attempts to use this approach appears 
on p.146 of this issue of Nature. 

Those who wish to take the genomic 
route to comparing normal cells and cancer 
cells have several options. If they wish to 
search directly for sequences which may be 
involved in the origin of a particular 
cancer, there are in principle at least three 
possibilities. By using chromosome sorting 
and the construction of cloned genomic 
libraries they can examine the sequence 
changes in areas of gross chromosomal ab- 
normality which are known to be 
associated with particular tumours: for 
example, the 13,- deletion in retino- 
blastoma’ or the 22->9 translocation in 
chronic myeloid leukaemia*. By gene 
transfer experiments, either by 
transfection? or by using retroviruses as 
vectors’, they may hope to identify critical 
cellular genes for cancer formation, and 
then to construct DNA probes to compare 
the arrangement of these sequences in 
normal cells and their malignant 
counterparts. Finally, they may hope to 
identify these critical genes in certain 
human inherited cancer syndromes by 
classical genetic linkage studies using either 
known polymorphic loci — as has been 
used in breast cancer’ — or polymorphisms 
in DNA base sequence which are reflected 
in restriction enzyme cutting patterns, a 
potentially much more powerful approach 
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advocated by Botstein and his colleagues‘. 

The alternative is to fish for changes in 
DNA sequence organization without any 
particular chromosomal site in mind, in the 
hope of finding evidence of genetic 
rearrangement which might be of 
importance in the aetiology of cancer. The 
case for the importance of such 
rearrangements has recently been argued 
by Cairns’. The middle or low copy 
number repetitive sequences might be a 
good place to look, because changes in 
these sequences might be relatively easy to 
detect, and because what we know of trans- 
posable genetic elements in other systems®” 
suggests that these sequences are good 
candidates to be involved in the kinds of 
genomic rearrangements we are after. This 
is the approach taken by Humphries with 
results which are still very preliminary, but 
which will be intriguing if they can be 
extended. 

The DNA probe he used to search for 
genomic variation is a complex one 
prepared from an EcoRI digest of human 
fetal liver DNA. It is a mixture of 100 DNA 
fragments containing unique or low copy 
number repeated sequences which have in 
common that they come from a region of 
the fetal liver cell genome which lies within 
either a 14 kilobase (kb) or a 50 kb EcoRI 
fragment. The probe is used to compare the 
arrangement of its complementary 
sequences in EcoRI digests of DNA 
extracted from normal gut mucosa and in 
cancer arising from it. The known poly- 
morphism in DNA sequence between 
individuals'® means that the pattern of 
EcoRI fragments obtained might vary 
from one individual to another, so that the 
cancer and normal tissue which are to be 
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cancer cells 


compared must be taken from the same 
individual. Then, any differences in the 
fragment pattern should indeed reflect 
differences between normal and cancer 
cells. 

The first result which was obtained, with 
DNA from normal gut mucosa, is in many 
ways the more interesting. Several EcoRI 
fragments smaller than 14 kb are seen to 
hybridize with the probe sequences. 
Densitometer tracings suggest that most of 
the fragments are different in the samples 
from each of the five individuals shown. 
Samples of colonic mucosa from two 
individuals are similar, but that from a 
third is quite different; the normal 
rectal and stomach mucosa also give 
different patterns. This result indicates 
that some of the sequences which were 
present in 14kband 50kb EcoRI fragments 
in the fetal liver DNA also occur in the 
DNA samples from gut mucosa within 
different arrangements of EcoRI sites. It is 
not clear what pattern was obtained by 
hybridizing against the total fetal liver 
DNA from which the probe was made. The 
sequences which are hybridizing appear to 
be multiple copy sequences, but 
presumably the EcoRI fragments within 
which they lie may be unique. A crucial 
question is to what extent the differences 
between the various samples reflect 
differences between tissues or between 
individuals. Because polymorphic 
differences in DNA sequence between 
individuals are already known to exist, one 
might assume the latter; but the point is not 
proven. Interpretation is made more 
complicated because one cannot be sure 
that the same DNA sequences out of the 
100 or so in the probe are hybridizing in 
each case. Even with these reservations, the 
results imply a striking degree of poly- 
morphism of EcoRI sites around these 
repeated DNA sequences. While we know 
so little about the organization of such 
sequences in the mammalian genome, these 
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seem important points to pursue. In par- 
ticular, for the comparison with DNA 
sequences from the cancer, the question of 
tissue differences is crucial; one has first to 
be sure that one is indeed comparing 
comparable cells. If there is no difference 
in sequence organization between different 
cell types in an individual, the problem dis- 
appears — but if there are, one cannot be 
sure that DNA from the mixture of cells in 
normal mucosa is comparable with that 
from a tumour, however adjacent. 
Leaving these objections aside, the 
results obtained with the EcoRI digests of 
tumour DNA show that some of the 
hybridizing sequences found in DNA from 
normal mucosa are no longer present in 
fragments less than 14 kb long in an EcoRI 
digest of the tumour DNA. Degradation of 
the DNA during extraction from the 
tumours is controlled for by recovery of 
DNA in the satellite bands. One possibility 
is that the hybridizing sequences have been 
lost altogether, perhaps as a result of loss of 
certain chromosomes in the tumours 
(hyperdiploidy or pseudodiploidy is quite 
compatible with the loss of specific 
chromosomes, as indeed has been 
described in colonic polyps!'). An 
alternative, more interesting but perhaps 


Symbiotic stars 


from David Allen 


A workshop held in June at the Joint 
Institute for Laboratory Astrophysics, 
University of Colorado, was the first 
meeting to be devoted exclusively to 
symbiotic stars. The term symbiotic was 
adopted in the astronomical context by 
Paul Merrill almost 40 years ago. The 
symbiotic stars exhibit optical spectra 
which combine two temperature regimes. 
Emission lines of uncommonly high 
excitation suggest temperatures of several 
hundred thousand Kelvin; yet the 
underlying stellar continuum is generally 
that of an M-type giant star of 3,500K or 
less. In Merrill’s time a handful of 
symbiotic stars was known; today the tally 
exceeds 100. Though not resolvable as 
binary stars, their spectra often display 
radial velocity variation consistent with 
binary motion. 

An impressive array of observational 
data was presented at the workshop, from 
the X-ray to the radio domains. Perhaps 
the most valuable new data are those 
obtained by the International Ultraviolet 
Explorer (IUE) satellite, described by 
Michalitsianos (Goddard Space Flight 
Center) and by Kafatos (George Mason 
University, Virginia). The IUE data show 





David Allen is at the Anglo-Australian 
Observatory, New South Wales. 
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more difficult to envisage, is that they have 
been subject to some genomic 
rearrangement which has separated them 
from their flanking EcoRI sites. In that 
case one might expect to see them hybridize 
in new fragments. Even if one of these 
explanations of the results is correct, the 
relationship of these events to those which 
lead to the development of the cancer 
remains, as Humphries points out, to be 
established. 

No doubt this is the first paper of many 
that will use this new approach. If these 
papers have to tell us something about the 
sequence Organization of the human 
genome and its variations before they start 
to tell us about cancer, they will be none the 
worse for that. B 
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symbiotic stars to be a diverse family 
characterized by extraordinarily strong 
emission lines. Although the array of 
emission lines recorded by IUE is much the 
same in all symbiotic stars, the velocity 
profiles of the lines vary greatly both from 
star to star and from line to line in a 
particular star. Some lines are simple 
narrow Gaussians whereas others exceed 
1,000 km s~! in width and are dissected by 
overlying absorption. Moreover, the UV 
continua also range considerably, 
corresponding to implied temperatures of 
10,000-200,000K. Somewhat higher tem- 
peratures were revealed by X-ray detec- 


tions made with the Einstein satellite by’ 


Anderson (Washburn Observatory, 
Wisconsin) and by Allen (Anglo- 
Australian Observatory). Approximately 
10 per cent of symbiotic stars surveyed were 
detected by Einstein, all with extremely 
soft spectra corresponding to temperatures 
of slightly less than 10°K. The situation is 
again complicated by a single example, 
known for some years, which is an intense, 
pulsed hard X-ray source. 

The gas density derived from optical and 
UV lines indicates from 10!' to 106 
electrons cm, In some symbiotic stars 
there is a bulk outflow of gas so that the 
nebula is sufficiently extended to radiate 
detectable thermal Bremsstrahlung in the 
radio waveband. In reviewing the radio 


99 
data, Hjellming (National Radio 
Astronomy Observatory) pointed out that 
the changing radio spectrum can yield 
information on past variations in the mass- 
loss rate. In particular, some systems have 
reduced their mass-loss rates and so 
generated a hollow nebula. Graphic 
evidence of this was provided by Newell 
(National Radio Astronomy Observatory} 
and Hjeliming, using the Very Large Array 
telescope. They showed a radio map of 
V1016 Cygni only 0.3 arc s in diameter. The 
hollow centre could be seen, together with 
a suggestion of preferred ejection into two. 
opposing regions. 

The variability of symbiotic stars 
received considerable attention. Many 
specimens erupt at irregular intervals, 
brightening by an order of magnitude at 
optical wavelengths, but by much more in 
the UV. Such eruptions usually last a few 
months. Other symbiotic stars have 
exhibited a 1,000-fold increase in 
brightness from which the fading requires 
decades; yet others appear to be in 
permanent outburst. In a few cases 
repetitive fading points to the presence of 
eclipses, and thus of two components in 
mutual orbit. The orbital periods are 
generally a few years. Periods in the range 
1-2 yr are also seen in the IR brightness in 
some cases: such variations are interpreted 
as the Mira-like variations of the cool 
giant. 

Undaunted by the bewildering array of 
observational material, the theoreticians 
provided credible explanations for the 
phenomena of symbiotic stars. There was 
general approval for the model proposed 
by Bath (University of Oxford), who 
envisages a cool giant star shedding 
material onto a companion star, primarily 
by Roche Lobe overflow. The gas falling 
onto the companion releases gravitational 
energy at a temperature suitable for 
exciting the observed emission spectrum. 
In most cases the gas is transferred via an 
accretion disk. Variations in the transfer 
rate would be expected because of the 
unstable nature of cool giants: these 
changes account for the outbursts. The 
companion need be no more exotic than a 
solar-type main sequence or subdwarf star. 
Indeed, Robinson (University of Texas at 
Austin) provided strong arguments for 
discounting white dwarfs as the 
companions in most cases. In only one 
case, mentioned above, does the hard 
X-ray flux indicate accretion onto a 
neutron star. In the case of CI Cygni, 
analysis of the eclipse by Webbink 
(University of [linois) clearly indicated the 
existence of an accretion disk around a 
main sequence star during the 1975 
outburst, 

Variants on Bath’s model appear tenable. 
in some cases, One interesti 
by Willson (State: 
Wallerstein | ( 


explained the excitation o 
lines by the collision of winds 
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stars. 
occurs when hydrogen-rich gas is accreted 
onto white dwarf stars, and whichaccounts 
for conventional novae, may also be 
relevant to some symbiotic stars. 
Identification of the cool star itself as the 
- source of the high-excitation emission lines 
has not been ruled out, for the binary 
interaction may inject energy into the star’s 
corona, 


Marsupials: 


The thermonuclear flash which 


Parallels between symbiotic and other 
interacting binary stars were sketched by 
Stencel (Joint Institute for Laboratory 
Astrophysics, Boulder) and by Plavec 
(University of California, Los Angeles). A 
precise definition of symbiotic stars does 
not seem possible, for binaries exist with a 
range of degree of interaction. Perhaps the 
only defining characteristic is that one 
member is a cool giant star. a 


alternative mammals 


Jrom Marilyn B. Renfree 


MARSUPIALS have come to be regarded as 
second class mammals, partly because of 
their unusual mode of reproduction, and 
partly because they were discovered long 
after the eutherians (or ‘placental’ 
mammals) and were all lumped into one 
group, the Order Marsupialia'. Today, 
marsupial biologists recognize at least 


three, and commonly four, orders of 


marsupials and take exception to 
statements of their supposed inferiority. 

As recently as 1977, Nature’s article 
“Why marsupials can’t win’’* aired many 
commonly held misconceptions and it took 
Taylor and Padykula’s* defence in the 
same journal to redress the balance. In 
North America, the ‘primitive’ (that is, 
unspecialized) Virginian opossum is 
currently extending its range north and 
south into the territories of the ‘advanced’ 
eutherians. Furthermore, there is no sign 
of present day South American marsupials 
being squeezed out by their eutherian 
neighbours. Even in Australia, the home of 
so many marsupial species, they coexist in 
harmony with numerous indigenous small 
eutherian rodents. And if the European 
rabbit, fox and cat have flourished in the 
wild following their introduction to 
Australia, it should also be remembered 
that Bennett's wallaby has bred for decades 
as a feral animal in England. The brush- 
tailed possum introduced to New Zealand 
from Australia has become as great a pest 
there as the rabbit ts in Australia. 

Recent studies suggest that far from 
being ‘inferior’ to eutherians, marsupials 
have evolved an alternative and very 
successful reproductive strategy. The first 
description of reproduction in an 
Australian marsupial (the tammar wallaby, 
Macropus eugenii) was given by Francisco 
Pelsaert, captain of the Dutch ship Batavia 
which was wrecked on the Abroholos 
Islands in N.W. Australia in 1629. 


Their generation of procreation is Very 
Miraculous, Yea, worthy to note; under 
the belly the females have a pouch into 
which one can put a hand, and in that she 


ee SRSA a AANA RULER RENE IIL 
Marilyn B. Renfree is Associate Professor in 
Reproductive Biology, Murdoch University, 
Western Australia. 


has her nipples, where have discovered 
that in there their Young Grow with the 
nipple in mouth, and have found lying in 
it (the pouch) some Which were only as 
large as a bean, but found the limbs of 
the small beast to be entirely in 
proportion, so that it is certain that they 
grow there at the nipple of the mammal! 
and draw the food out of it until they are 
big and can run. 


However, it was to take another 300 years 
before scientists confirmed that the 
marsupials do indeed have a unique mode 
of reproduction, with the investment in 
lactation rather than gestation. 

Their lactational physiology is certainly 
sophisticated, and we still do not 
understand how they manage 
simultaneously to suckle young of 
different ages from adjacent mammary 
glands secreting milk of different compo- 
sitions. An interesting recent observation 
was that the gland supporting the newborn 
young is much more sensitive to oxytocin 
than the gland supporting the young-at- 
foot*. Were this not the case, the small 
pouch young permanently attached to the 
teat would produce a flood of milk from 


Hypothetical scheme showing pathways 
for the control of quiescence in the tammar 
wallaby (redrawn with additional 
information from Renfree, M.B. Nature 
278, 549; (1979). B, blastocyst; CL, corpus 
luteum; E,B, oestradiol-178; F, follicle; 
FSH, follicle-stimulating hormone; LH, 
luteinizing hormone; LHRH, luteinizing 
hormone releasing hormone; PIF, 
prolactin inhibiting factor; PRO, 
prolactin; SCG, superior cervical 
ganglion; SCN, supra-chiasmatic nucleus. 
* Stimulation; | inhibition. 
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‘the other gland every time it sucked, until it 


would eventually drown in a pouch full of 
milk destined for its older sibling! 

Since Sharman’s 1955 description of © 
embryonic diapause in a small wallaby, the 
quokka Setonix brachyurus*’, much 
attention has been focused on the 
macropodid (literally ‘big footed’) 
marsupials (the kangaroos and wallabies). 
In particular, the tammar wallaby, which 
breeds well in captivity, has proved most 
amenable to experimental manipulation. 
The studies of Tyndale-Biscoe and 
colleagues in Canberra have revealed much 
about its reproduction, highlighting the 
central role of the corpus luteum. We now 
know more about the reproductive 
physiology of the tammar than any other 
marsupial. 

Pregnancy does not interrupt the period- 
icity of oestrus, so female tammars 
conceive again 24-48 h post-partum®. 
Curiously, sperm do not pass beyond the 
cervix of the parturient uterus, but rapidly 
reach the uterine lumen of the entirely 
separate, non-gravid side’. Ovulation 
alternates between the left and right ovary 
so that new follicular development occurs 
during pregnancy in the ovary contralateral 
to the gravid uterus. Thus there seems to be 
a local, unilateral inhibition of follicular 
development in the ovary containing the 
corpus luteum. The new embryo resulting 
from the post-partum mating grows to 
about 100 cells, enters and remains in 
embryonic diapause so long as there is a 
young sucking in the pouch®. The 
blastocyst will stay in diapause provided 
the corpus luteum remains quiescent; the 
activated corpus luteum is needed to 
reactivate the embryo’. The corpus luteum 
itself is held quiescent by prolactin; 
hypophysectomy removes this inhibition 
and the corpus luteum hypertrophies and 
becomes fully secretory!®. Injections of 
prolactin after hypophysectomy will 
maintain the delay for the duration of the 
prolactin treatment'!. Similarly, treatment 
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of lactating wallabies in diapause with the 
dopamine agonist, 2-bromo a-ergo- 
criptine, will depress prolactin sufficiently 
to allow the corpus luteum to escape from 
this inhibition, and 27 days later a newborn 
young can be found in the pouch beside its 
older sibling®!!:!2, Prolactin apparently 
acts directly on the luteal cells to exert this 
inhibitory effect because the membrane 
fraction of the quiescent corpus luteum 
contains highly specific receptors for 
prolactin, which are present in greater 
concentrations than in any other tissue in 
the tammar including the lactating 
mammary gland!?. However, it seems 
unlikely that prolactin has a direct 
inhibitory effect on steroidogenesis, as 
prolactin added to corpora lutea in vitro 
does not alter progesterone production!?. 
Since the pituitary is not necessary for 
corpus luteum activation, it was not 
surprising to find that LH added to the 
cultured tissue had no effect on 
steroidogenesis, and it seems that the 
tammar corpus luteum has no receptors for 
this gonadotrophin (F. Stewart and C.H. 
Tyndale-Biscoe, Personal communication). 

Gonadotrophins are essential in follicular 
growth and development, since 
hypophysectomy causes complete 
follicular atrophy'®. There is a marked 
surge in luteinizing hormone secretion 
0~8h after the onset of oestrus'4, and if this 
is prevented by the administration of anti- 
LHRH antiserum, ovulation is inhibited 
(R.V. Short, M.B. Renfree & A.P. Flint, 
unpublished). 

Oestradiol-178 has a negative feedback 
effect on pituitary gonodotrophin 
secretion if injected in low doses, but will 
induce a LH discharge if given in amounts 
of 10 ug kg or greater’. It should be 
remembered that during normal 
pregnancy, follicles develop in the ovary 
contralateral to the active corpus luteum 
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about the time when progesterone 
concentrations are high and the corpus 
luteum has achieved maximum develop- 
ment. But paradoxically, it is the quiescent 
corpus luteum which is responsible for the 
suppression of ovulation during diapause: 
after lutectomy, even in the continued 
presence of a sucking pouch young, 
follicles grow and animals return to oestrus 
11 days later''. This follicular growth can 
be inhibited by oestradiol-17f injections 
but not by progesterone’, 

There is another aspect of tammar 
reproduction which makes it a valuable 
model for understanding control of 
mammalian reproduction in general. As 
well as having a period of lactational dia- 
pause during suckling, the tammar has 
superimposed on this lactational control a 
seasonal one. In the first half of the year, 
loss or removal of the pouch young results 
in hypertrophy of the corpus luteum and 
activation of the diapausing blastocyst, but 
after the winter solstice in June this pro- 
cedure no longer has any effect and the 
blastocyst remains at 100 cells’. 
Photoperiod is the controlling factor'®, 
and in the wild all wallabies in diapause 
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spontaneously reactivate their blastocysts 
after the longest day on December 22°12, so 
that there is synchronization of births in 
late January. Prolactin concentrations are 
highest during seasonal quiescence and this 
is also the only time when bromocriptine 
fails to cause a resumption of embryonic 
development!*?. Work to clarify the 
seasonal control of reproduction is con- 
tinuing; the pineal gland is clearly impli- 
cated!” . 

The tammar wallaby has many unusual 
and complex features in its mode of repro- 
duction, and yet, because of the temporal 
separation of ovulation, diapause and 
implantation, and the existence of both a 
lactational and a seasonal inhibition of 
reproductive activity, provides an 
intriguing model to study. Because of the 
importance of lactation in the marsupials, 
prolactin seems to have become very im- 
portant in their reproduction; its secretion 
can be modulated by the sucking stimulus, or 
by day length, as in eutherians, but in the 
tammar at least, it has assumed a new role 
as the key pituitary hormone in control of 
the corpus luteum, and hence the 
regulation of embryonic diapause. EI 


The physics of sunspots 


from Lawrence E. Cram and John H. Thomas 


UNDERSTANDING sunspots has proved to 
be one of the greatest challenges in astro- 
physics. The study of sunspots has inspired 
the development of many ingenious and 
precise methods of measuring velocity and 
magnetic fields of the Sun, and on the 
theoretical side has been fundamental to 
many advances in basic magnetohydro- 
dynamics. The first meeting in more than a 
decade to be devoted entirely to sunspots 
was held recently at Sacramento Peak 
Observatory in southern New Mexico*. 

P. Mcintosh (NOAA, Boulder) sum- 
marized the structure and evolution of 
sunspots and sunspot groups, based on his 
observations of thousands of spot groups 
in connection with his work on solar fore- 
casting. The formation of a sunspot group 
often occurs through the coalescence of a 
series of several (three to six) bipolar pairs 
that emerge at approximately 24-hour 
intervals, Small spots of leading polarity 
are often arrayed in an arc, which later 
collapses into a single, symmetric leading 
sunspot. Spots of following polarity are 
generally irregular in structure and shorter 
lived. Although most sunspots live for less 
than one solar rotation period ( ~ 28 days), 





*The summer workshop on ‘The physics of sunspots’, organized 
by the L.E. Cram and J.H. Thomas, was held at Sacramento 
Peak Observatory, Sunspot, New Mexico on [4-17 July 1981, 


some live much longer, and an 
exceptionally stable spot that first 
appeared in August 1966 survived for over 
five rotation periods. Long-lived sunspots 
generally have a slower rotation rate than is 
typical for their latitude. Sunspots tend to 
appear at certain sites on the Sun and these 
sites may persist for several years. Synoptic 
observations of spots and other magnetic 
field tracers show that the active sites often 
rotate with periods significantly different 
from the surface plasma rotation rate. 

According to P.R. Wilson (University of 
Sydney), the main problems to be solved in 
the theory of sunspots include explanations 
of the stability of the magnetic field con- 
figuration in a spot, the coolness of a 
sunspot and the disposition of the energy 
deficit, the evolution of sunspot groups, 
and the occurrence of a few very long-lived 
spots. 

Wilson discussed the merits of three 
specific sunspot models, those of 
Piddington (Astrophys. Space Sci. 34: 347, 
1975), Parker (Astrophys. J. 230; 905, 
1979) and Meyer, Schmidt, Weiss and 
Wilson (Mon. Not. R. astr. Soc. 169; 35, 
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1974). Piddington’s model is based on 


twisted ‘ropes’ of magnetic flux, where the 
twist is essential to the stability of the spot 
and the decay of the spot is due to 
untwisting of the flux ropes. The main 
criticism of this model is the lack of obser- 
vational evidence for large twist in sunspot 
magnetic fields or for untwisting during 
decay. Wilson stressed the similarities 
between the Parker and Meyer ef al. 
models, rather than their differences. In 
Parker’s model, the sunspot magnetic field 
divides into several smaller flux tubes a 
short distance below the solar surface. The 
Meyer etal. model is based on a single large 
flux tube, but Wilson suggested that this 
tube may be fragmented by internal 
convection and flux expulsion below a 
depth of about 2,000 km and hence looks 
very like the Parker model. Both models 
postulate a presently undetected sub- 
surface flow to provide stability for the 
sunspot, and this is perhaps their weakest 
feature. 

Dynamical phenomena and fine 
structure in sunspots were reviewed, with 
R.L. Moore (NASA-Marshall Space 
Flight Center) presenting the observations 
and J.H. Thomas (University of 
Rochester) the theory. According to 
Moore, very high-resolution white-light 
photographs of sunspot penumbras show 
some of the dark fibrils to be elevated, 
translucent structures lying above a pattern 
of modified granulation. Thomas demon- 
strated how this might lead to a better 
understanding of the Evershed motion as a 
siphon flow (first proposed by F. Meyer 
and H.U. Schmidt in 1968) along elevated 
dark fibrils. 

Moore showed that the observed umbral 
velocity oscillations in the photosphere and 
chromosphere and umbral flashes in the Ca 
u K and Ha lines, with periods of about 3 
min, are all manifestations of the same 
phenomenon, with the flashes corres- 
ponding to the strongest velocity 
oscillations. New observations reported at 
the meeting by B. Lites (Sacramento Peak 
Observatory), A.H. Nye. (Rochester 
Institute of Technology) and F. Kneer 
(Kiepenheuer Institute) support this 
picture. Thomas showed how the umbral 
oscillations may be explained theoretically 
as a resonant mode of the entire sunspot 
atmosphere, excited by overstable con- 
vection in the subphotosphere. 

The bright umbral dots are generally 
considered to be a small-scale convective 
phenomenon. E.N. Parker (University of 
Chicago) has shown that they may arise 
from penetration of hot, field-free gas 
from below due to overstability in the 
regions between flux tubes in his sunspot 
model. It was agreed that reliable obser- 
vational data on the velocity, temperature 
and magnetic field in umbral dots were 
lacking. 

Recent satellite measurements of dips in 
solar irradiance coincident with the 
passage of large sunspot groups across the 
solar disk (Willson et al. Science 211; 700, 
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1981) have stimulated searches for effects 
of sunspots on the solar irradiance and 
luminosity, which were reviewed by P. 
Foukal (Atmospheric and Environmental 
Research, Inc.). H.S. Hudson (University 
of California, San Diego) presented a 
model of the effect of sunspots that 
accounts for ‘the observed drops in solar 
irradiance. Observations suggest that the 
missing energy flux of sunspots is stored in 
the convection zone rather than being 
redistributed instantaneously over a large 
region of the solar surface. Theoretical 
calculations of the energy storage mech- 
anism in the convection zone were 
presented by Foukal and by H. Spruit (Max 
Planck Institute for Astrophysics, 
Munich). 

S. Vogt (Lick Observatory) reviewed the 
properties of spots on other stars. Work in 
the area has progressed rapidly to the point 
where certain classes of stellar light curve 
can be unambiguously interpreted as being 
caused by large dark spots on the surface of 
these stars. Direct measurement of 
magnetic fields associated with these spots 
is considerably more difficult, but recent 
studies by Vogt and his colleagues promise 
to yield reliable field strength 
measurements. Although strong 
similarities do exist between sunspots and 


100 years ago 


At a recent meeting of the Banburyshire 
Natural History Society Mr. E. A. Walford 
read a note ‘‘On the Occurrence of a Fire-ball 
at Watergall’’ on August 23. In answer to Mr. 
Walford’s queries, Mr. Fessey, jun., had sent 
an account as follows, dated ‘‘Watergall, 
Leamington, August 30: As regards the fire- 
ball, I was about 200 yards from it, in a 
waggon hovel. I saw it directly it left the sky, as 
I was looking in that direction at the time. 
When I first saw it, it looked like a ball of fire, 
about as large as a dinner-plate. It slowly 
descended, and I have no doubt I could have 
run twenty yards from the time I first saw it 
until it struck the ground; but when about 
fifteen to eighteen feet from the ground. it 
exploded with a loud crash, quite as loud as a 
cannon, distinctly before the thunder, which 
was very loud also. The explosion shook the 
whole buildings. I certanly thought the slates 
were falling in, but when it exploded one part 
struck the hedge, making a hole in the ground 
about a foot deep, and laying all the roots 
bare, but not damaging them. For some time 
the place looked all on fire, and there was a 
considerable quantity of smoke when it hit the 
ground, lasting for a second or two. It was seen 
by myself and four men. They also agree with 
me that this is as near as possible a correct 
explanation of it. We dug the hole out 
yesterday, but found nothing. The soil was 
blackened for several inches deep”. 


A severe earthquake was felt three weeks ago 
in the southern part of the North Island, New 
Zealand. No lives were lost, but in some of the 
townships in the Manawate district scarcely a 
chimney was left standing. In Foxton, for 
instance, no less than 250 were thrown down. 
Fissures extending for many miles are reported 
to have been made, and the railway line was 


starspots, the long lifetime, large size and 
relatively hotter spot temperatures on the 
stars suggest important basic differences as 
well. 

An announced goal of the workshop was 
to produce an overall empirical model of a 
typical sunspot atmosphere, analogous to 
the well known Bilderberg and Harvard- 
Smithsonian models of the quiet solar 
atmosphere. C. Zwaan (University of 
Utrecht) chaired the day-long session 
devoted to the model, which included 
important contributions concerning the 
umbral photosphere (P. Maltby, Univer- 
sity of Oslo), chromosphere (H. Beebe, 
New Mexico State University; H.S. Yun, 
Seoul University; B. Lites, Sacramento 
Peak Observatory; and A. Skumanich, 
High Altitude Observatory) and transition 
region (K. Nicolas, Naval Research 
Laboratories). The participants agreed 
upon the properties of a one-dimensional 
empirical model of a sunspot atmosphere, 
and E. Avrett (Smithsonian Astrophysical 
Observatory) agreed to make the final 
calculations and prepare the model for 
publication in the conference proceedings. 
This model sunspot will be very useful to 
theoreticians and will not doubt serve as a 
focus for criticism and future 
improvements. # 


rendered unsafe in that neighbourhood, owing 
to the undulations of the earth alternately 
raising and depressing the rails. Since the large 
shock a good many of a slight nature have 
occurred. Two shocks of earthquake, each 
lasting from four to five seconds, were felt at 
noon on September 2 at Spalato in Dalmatia. 
The earthquake, which was accompanied by a 
subterranean rumbling, passed from the 
south-west to the north-east. It also made 
itself felt in the neighbouring islands of Brazza 
and Mascarsa, and in the town of Sebenico, A 
shock of earthquake was distinctly felt by 
several individuals at Courtown House, 
Gorey, Ireland, on August 27, at a quarter to 
five o’clock. Many heard a rumbling noise as 
thunder, some noticed the rattling of doors 
and windows, and one experienced what he 
called a “shiver”. Lord Courtown noticed a 
rumbling noise, coming apparently from the 
north, passing under the house, and so away to 
the south; the door of the room in which he 
was sitting rattled, A slight shock of 
earthquake was felt at Naples at eight o’clock 
on Saturday morning. At about the same hour 
severer shocks took place at Popoli, Pescara, 
and Orsogna, in the Abruzzi. The 
seismographic instruments on Mount 
Vesuvius show great activity. At Atessa the 
church of St. Giustina was seriouly damaged. 
There is a great panic everywhere amongst the 
population. A shock of earthquake occurred 
at Sanpietro Brazza (Dalmatia) on August 29, 
at 9 p.m. It lasted four seconds. Over forty 
shocks of earthquake have been felt at Khoi, 
Persia, between the 28th ult. and September 
11. Some houses were destroyed, but no lives 
have been lost. Most of the inhabitants have 
left the town, and are encamped outside. The 
direction of the earthquakes was from north to 
south. The shocks were accompanied by 
rumbling noise. 

From Nature 24, 476, 15 September, 1881. 
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The oxidative products of arachidonic acid and other mediators of immediate hypersensitivity are 
released by mast cells and other cells in response to the presence of noxious substances. In a normal 
response these chemicals produce the local inflammatory reactions that accompany destruction of the 
noxious substance. When the host response is misdirected or excessive, the concerted action of the same 
chemical mediators may produce allergic or inflammatory disease. 





ALLERGIC disorders of organs such as lung, nasal mucosa, 
skin and the gastrointestinal tract are due to a spectrum of 
pathobiological events which include vasodilation, increased 
vasopermeability, non-vascular smooth muscle contraction, 
leukocyte infiltration and local tissue destruction and repair. 
The allergic event is now known to be initiated by a stereo- 
specific interaction of allergen and IgE antibody on the surface 
of the tissue mast cell; the pathobiological consequences are 
mediated by diverse substances that are released following 
immunological activation of the mast cell and are designated 
‘mediators of immediate hypersensitivity’. 

The capacity to elaborate these mediators probably evolved 
as an adaptive response of the host to challenge by noxious 
external agents. The localization of mast cells at portals of entry 
into the host, the exquisite regulation of mediator generation 
and release, and the potency and site of each mediator action 
suggest a physiological role for the mediators in the regulation of 
the microenvironment’. The view that the mediators of 
inflammation are the ‘hormones of the microenvironment’ is 
consistent with their role in maintaining local homeostasis and 
with their capacity to produce clinical inflammation when the 
insult is excessive. Even the progression of the response to 
inflammation can be beneficial (host resistance) rather than 
detrimental (allergy) if, as a result, the noxious agent is eli- 
minated, An important corollary is that disease arises not only 
when external forces overwhelm host resistance, but also when 
the host effectors are inappropriately and excessively recruited. 

Because unstimulated mast cells do not contain all the bio- 
chemical mediators of IgE-provoked immediate hypersen- 
sitivity, some of them must either come from other cells or be 
newly generated during mast cell activation—secretion. The list 
of mediators of immediate hypersensitivity is growing but is, as 
yet, incomplete; for example, more is to be learned about the 
leukotriene (LT) components of slow reacting substance of 
anaphylaxis (SRS-A) which are biologically active oxidative 
metabolites of arachidonic acid; and we still have only a rudi- 
mentary understanding of the additional mediators released 
from other cells in response to the primary activation of mast 
cells by IgE. 


Cellular origins of prostaglandin D, 


and the leukotrienes 

Release of arachidonic acid, the precursor of prostaglandins 
(PGs), by the action of phospholipase A, on mast cell membrane 
phosphatidylcholine (PC), occurs within 30 s of IgE-dependent 
activation’. In addition, selected membrane phospholipids are 
sequentially metabolized by phospholipase C and diglyceride 
lipase, with the resultant release of more arachidonic acid*“, 
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Oxidative metabolism of arachidonic acid via the cyclo- 
oxygenase pathway sequentially generates two cyclic endo- 
peroxides, PGG, and PGH, (refs 5,6). PGH, is converted 
predominantly to PGD, by rat” and human” mast cells, 
presumably by the action of PGD, synthetase’. Purified rat mast 
cells, activated by the calcium ionophore A23187 or by reversed 
anaphylaxis, generate PGD, in quantities of 50.6434.4 and 
8.0+3.5ng per 10° cells (mean +s.d.), respectively. Human 
mast cells from lung parenchyma, dispersed by enzymatic 
digestion and purified to 70% by sequential gradient sedimen- 
tation, generate as much as 97 ng PGD, per 10° cells after 
activation by rabbit anti-human IgE". Rat, but not human, mast 
cells also generate prostacyclin (PGI) at about one-quarter the 
level of PGD,,; relatively insignificant amounts of other oxida- 
tive metabolites of arachidonate are produced’*. A major 
PGD, metabolite, 9a-hydroxy,11,15-dioxo-2,3,4,5-tetranor- 
prostane-1,20 dioic acid, has been isolated from the urine of 
patients with mastocytosis (this metabolite is barely detectable 
in normal human urine’’), providing evidence that preferential 
synthesis of PGD, by human mast cells occurs in vivo. Because 
human lung fragments, challenged in vitro with an IgE-depen- 
dent stimulus, generate PGD, PGE, PGF, PGL, and throm- 
boxane A, (ref. 11), whereas the mast cell generates only PGD, 
(ref. 8), it is probable that the other mediators are generated by 
recruitment of secondary cell types. 

This is also likely to be the case for the IgE-dependent 
generation of SRS-A in dispersed human lung cells'*. It has long 
been known that this SRS-A can only be extracted after 
immunological challenge and is therefore not a preformed 
granule-associated mediator’*. In addition, the IgE-dependent 
release of granule-associated histamine can be separated 
pharmacologically from the generation and release of SRS- 
A'*?®: and the IgE-dependent release of SRS-A from either 
human lung fragments or enzymatically dispersed human 
pulmonary cells does not begin until histamine release is almost 
complete, whereas total SRS-A synthesis is biphasic and begins 
simultaneously with histamine release. These results suggest a 
two-compartment origin of SRS-A, possibly from different 
cells'’. When enzymatically dispersed human pulmonary cells 
are separated on velocity gradients by the criterion of cell 
diameter, SRS-A generation by an IgE-dependent mechanism 
is limited to cell fractions containing mast cells, but decreases as 
the fractions become richer in mast cells. Whereas both human 
lung fragments and unfractionated pulmonary celis generated 
40-100 units of SRS-A per pg of tissue or cellular histamine, 
cells sedimented by isopyknic and velocity gradients to maxi- 
mize mast cell purity generate only 5-10 units of SRS-A per ug 
of cellular histamine. However, reconstitution of the partially 
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purified mast cell preparation with other gradient-processed 
pulmonary cells produces a threefold increase in the generation 
of SRS-A’’. These studies imply that whereas the IgE-depen- 
dent generation of PGD, by human lung tissue is from mast cells 
alone, that of SRS-A leukotrienes requires the combined 
activation of mast cells and another cell population, probably 
pulmonary interstitial mononuclear cells. 


Chemical structure of the SRS-A leukotrienes 


The biological activity now recognized as SRS-A may first have 


been observed 50 years ago in a study of spasmogenic activities 
from sputum of asthmatics'*. Kellaway and Trethewie'” 
subsequently showed that immediate-type hypersensitivity 
reactions generate a spasmogen which contracts smooth 
muscle more slowly than does histamine. This was confirmed by 
Brocklehurst?’ with the demonstration that H, antihistamine 
compounds failed to antagonize the spasmogenic activity of 
SRS-A. Mainly because of the small quantities available, even 
by the mid-1970s, all that was known chemically about SRS-A 
was that it was an acidic, highly polar lipid?” of molecular 
weight (MW) < 700 (ref. 23), containing a sulphur atom in its 
structure’. 

In 1977, Jakschik et al.” and Bach et al.** produced evidence 
that arachidonate was incorporated into SRS generated by rat 
basophilic leukaemia cells and rat peritoneal cells, respectively, 
following activation with A23187; however, incorporation did 
not follow the cyclooxygenase pathway’’. Physicochemically 
and pharmacologically, this SRS was similar to SRS-A**** 
generated in the rat by a pathway dependent on immune 
complexes, neutrophils and complement***”. Morris, Piper and 
colleagues, studying the UV absorption spectrum, as had been 
done for partially purified SRS-A”, established that purified 
SRS-A from sensitized and antigen-challenged guinea pig lung 
had an UV absorption maximum (A max) at 280 nm (ref. 30). 
Borgeat and Samuelsson*' subsequently identified a metabolite 
of arachidonic acid, 5,12-di-hydroxyeicosatetraenoic acid, with 
an A ma, in the high-UV range, and recognized the relevance of 
its three conjugated double bonds to the previously noted??? 
absorption spectrum of SRS-A. Murphy, Hammarström and 
Samuelsson”? defined the parent SRS generated by ionophore 
activation of mouse mastocytoma cells as 5-hydroxy, 6-S- 
glutathionyl-7,9,11,14-eicosatetraenoic acid—leukotriene C 
(LTC). The specific structure of optically active centres and 
double-bond isomers was then defined and proved by total 
synthesis”? to be 5($)-hydroxy,6(R)-S-glutathionyl-7,9-irans, 
11,14,-cis eicosatetraenoic acid (LTC,). 

Three groups of workers have described**** an even more 
active spasmogen-—the 6-sulphido-cysteinyl-glycine metabolite 
(LTD,)——apparently derived by the action of y-glutamy] trans- 
ferase on LTC,. Rat SRS-A”* has subsequently been found to 
contain three leukotrienes—LTC,, LTD, and a 6-sulphido- 
cysteine metabolite (LTE,)”’. 


Biological activities of leukotrienes and 
other newly generated mediators 


Arachidonic acid oxidative metabolism is best viewed as a 
complex branching pathway (Fig. 1), the ultimate products and 
their biological effects being determined by which branch is 
followed. Different cell types may have different product 
profiles. For example, the activated mouse peritoneal macro- 
phage generates comparable amounts of certain cyclooxygenase 
and 5-lipoxygenase products in the form of PGE,, PGI, and 
LTC, (ref. 38). In the stimulated human neutrophil, the 5- 
lipoxygenase pathway is preferentially activated to generate 
5-hydroperoxyeicosatetraenoic acid (S-HPETE) and 5-mono- 
hydroxyeicosatetraenoic acid (5-HETE), as well as 5,12-di- 
hydroxyeicosatetraenoic acid (LTB) >, whereas rat and 
human mast cells preferentially elaborate PGD, during coupled 
activation—secretion’®. 

The biological effects of the various products of the 5-lipoxy- 
genase pathway vary considerably. 5-HETE is incorporated into 
membrane lipids*’*', modulating the motility” and possibly the 


glucose transport“? of neutrophils. LTB, is a potent chemotactic 
factor comparable with the fragments of the fifth component of 
complement”. LTC,, LTD, and LTE, have vasoactive and 
spasmogenic activities which are more potent than those of 
histamine*’. Thus, the processing of arachidonic acid via the 
5-lipoxygenase pathway has three major classes of biologically 
active products—-S~-HETE, LTB, and the leukotriene consti- 
tuents of SRS-A-—and is not a simple detoxification pathway. 

SRS-A has contractile activity on airway smooth muscle. This 
was initially demonstrated with crude SRS-A and human bron- 
chioles'’, and suggested its possible relevance to bronchial 
asthma. A preferential action of partially purified SRS-A on 
guinea pig parenchymal strips as compared with tracheal spiral 
preparations** was confirmed with purified and synthetic leuko- 
triene constituents of SRS-A**”’**. Furthermore, compared 
with histamine, the potency of the leukotrienes as spasmogens 
for the parenchymal strips, which contain peripheral airway 
smooth muscle, was greater by 2 logs for LTC, (ECs = 1x 
10°°M) and LTE, (ECs, = 3 x 10°°M) and by 3 logs for LTD, 
(EC; = 1 to 6x 107'° M)'*. Furthermore, intravenous adminis- 
tration of partially purified SRS-A*° and of synthetic leuko- 
trienes** results in a marked fall in the dynamic compliance of 
peripheral airways in intact unanaesthetized guinea pigs, 
whereas only minor increments in resistance occur in the more 
central airways. The doses of LTC,, LTD, and LTE, that 
produce a 50% fall in dynamic compliance are 7, 1 and 7 wg per 
kg, respectively*’, whereas the doses of histamine and PGF,, 
required to produce the same effect are 8 and 1,000 ug per kg, 
respectively*®. Although histamine seems to be as potent as 
LTC, and LTE,, but not as potent as LTD,, its effect on 
compliance lacks the duration of the leukotriene effects and is 
accompanied by an even more marked effect on central airways 
resistance” 

LTD,, but not LTC,, also has a hypotensive effect in the intact 
guinea pig, with 500 ng per kg producing a 50% fall in mean 
arterial pressure*’. LTD, and LTE, are each ~ 100 times more 
potent than histamine in initiating an increase in vasoper- 
meability in guinea pig skin, having a threshold dose of 5 ng per 
site. The cutaneous vasoactive effects of LTC, at the same dose 
include constriction as well as augmentation of venular 
permeability” +5, 

There are at least three types of interactive effect of the 
various oxidative metabolites of arachidonate: (1) antagonistic 
or supportive for biosynthesis of a specific product, (2) syner- 
gistic or antagonistic at the target cells, and (3) augmentative due 
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Fig. 1 Oxidative pathways of arachidonic acid metabolism, 
emphasizing mast cell-dependent products. 
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to the generation of secondary metabolites from cells activated 
by the initial product. Examples of interactions of the first type 
include the suppression and enhancement of SRS-A generation 
by human lung pretreated with PGE, and PGF,,, respectively*’ 

and the suppression of SRS-A generation in rat peritoneal cavity 
and guinea pig lung tissue pretreated with PGI, (refs 48, 49). In 
the second type of interaction, at the level of the target cells, 

PGD, acts synergistically on the chemotactic response of human 
neutrophils to LTB, (ref. 50). The third type of interaction is 
exemplified by the elaboration of thromboxane by guinea pig 
airways contracting in response to the leukotriene constituents 
of SRS-A°', the thromboxane in its turn augmenting this 
response. 


Mast cell granule-associated mediators 


The mast cell granule contains various enzymes, chemotactic 
peptides, heparin proteoglycan, histamine and, in rodents but 
not in humans, serotonin (Table 1)°?. However, these account 
for less than half of the total estimated protein (56 pg per 10° 
cells) of rat serosal mast cell granules”’, indicating that other 
activities have yet to be defined. In the human mast cell, the 
protein responsible for the structure of the secretory granule 
also remains to be elucidated”*. 

The function of heparin proteoglycan seems to be to store and 
possibly to concentrate other preformed mediators; solubiliza- 
tion of the heparin~mediator complex is necessary for their 
release. Rat heparin proteoglycan is a macromolecule of MW 
750,000 (refs 55, 56), whereas human heparin proteoglycan is 
smaller*’. The resistance of rat heparin proteoglycan to pro- 
teolytic cleavage is attributed to a core peptide of alternating 
glycine and serine residues in which two-thirds of the serine 
residues are substituted by heparin glycosaminoglycan 
chains****, Whereas only about one-third of heparin glycos- 
aminoglycans of pig or human origin have anti-thrombin III 
binding and associated anticoagulant activities”, they all inhibit 
the alternative complement pathway’; this suggests that 
heparin released from mast cells activated by the anaphylatoxic 
cleavage fragment of the fifth component of complement®'°? 
down-regulates the production of additional activating peptide. 

The presence of acid hydrolases such as B-hexosaminidase, 
B-glucuronidase and arylsulphatase in rat®** and human® mast 
cell secretory granules (Table 1) suggests that these granules are 
modified primary lysosomes’’. Rat mast cells also contain a 
smali number of non-secretory lysosomes which differ from the 
secretory granules in containing arylsulphatase B but not A, as 
well as an acid phosphatase**°*°’. The pH optimum of the acid 
hydrolases is broad enough to be compatible with some 
extracellular function. The neutral proteases of the mast cell 
granule, which in the rat are chymotryptic™*’ and possibly 
related to cathepsin G (ref. 70), and in the human are tryptic”, 
may have extracellular action on proteoglycan core peptides, 
collagen and elastin. The enzymatic content of the secretory 
granules may thus have a role in clearing the products of 
damaged tissue, and thus facilitating its repair. 

Eosinophils accumulate in tissues undergoing mast cell- 
mediated immediate hypersensitivity reactions, and the term 
eosinophil chemotactic factor of anaphylaxis (ECF-A)’)” is 
used to describe the activity generated during such reactions in 
human or guinea pig lung slices. Approximately half of the crude 
activity has been resolved into two tetrapeptides’* which are not 
only chemotactic for eosinophils in vitro’> and in vivo’*, but 
which can also increase the number of functional eosinophil 
receptors for the major cleavage fragment of the third 
component of complement’’, C3b. It remains to be directly 
proved that the human mast cell is the source of ECF-A. 

In patients with physical allergy, in whom an experimental 
stimulus produces angioedema/urticaria and tissue mast cell 
degranulation, the plasma becomes enriched with histamine, a 
family of acidic eosinophilotactic factors ranging in size from the 
tetrapeptides to polypeptides, and a high-molecular-weight 
chemotactic factor for neutrophils’°-’*. Because this last factor 
has also been observed in the plasma of asthmatic patients 
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Fig. 2 Pathway of mast cell activation-secretion to primary 
mediator release and arachidonic acid metabolism. 


undergoing aerosol allergen-induced bronchospasm °" but not 
in patients with a similar pathological pulmonary response to 
isocapneic hyperventilation’ or noxious chemicals"’, it is 
thought to be generated by the immunological activation of mast 
cells. These factors, whether primary mast cell granule consti- 
tuents or secondarily elaborated products from another source, 
presumably facilitate host resistance at mucosal and cutaneous 
surfaces of the mast cell-rich organs. 


The activation-secretion response 


The stereospecific perturbation of the mast cell IgE receptor 
initiates a transmembrane signal which results in the solu- 
bilization and movement of the swollen secretory granules, the 
fusion of the perigranular membrane with the plasma membrane 
and the extracellular release of the granule constituents (Fig. 2). 
The IgE membrane receptor of rat basophil leukaemia cells is 
composed of an a-subunit of MW 50,000 and a B-subunit of 
MW 30,000. Radioiodination of intact cells indicates that only a 
portion of the a-subunit is exposed to the extracellular medium, 
and it is this domain, termed a5, which binds IgE. The remainder 
of the a-subunit (@,) and the $-subunit are intramem- 
branous*’’**. Dimerization of IgE Fe receptors, presumably 
through an effect on a transmembrane coupling protein, results 
in transmembrane activation of a discrete adenylate cyclase 
subpopulation which generates cyclic AMP from ATP. The 
cellular concentration of cyclic AMP peaks within 5-15s of 
receptor perturbation®**’ and activates cytoplasmic cyclic 
AMP-dependent protein kinase holoenzymes". Adenosine and 
adenosine analogues modified in the purine portion of the 
molecule (‘R-site’ active)” act via the membrane on the 
coupling unit of the adenylate cyclase complex, causin 
increase in activity and raise the cellular levels of cyclic. | 
without inducing mediator release. R-site agonists imi 
synergistically with the IgE-receptor perturbation to. 
cytoplasmic levels of cyclic AMP and to increase the rat 
quantity of mediator release in a dose-related fashi 
versely, adenosine analogues modified in thei 
(P-site active) act on the P site of the adenylate: 
to inhibit enzymatic activity®’**, attenuate 
cyclic AMP associated with IgE-receptor pert 
the activation of cytoplasmic cyclic AN 
kinase and suppress mediator release® 
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activation—secretion response to stereospecific perturbation of 
the IgE Fe receptors includes the sequential transmembrane 
activation of associated adenylate cyclase, elevation of cyto- 
plasmic levels of cyclic AMP (‘second messenger’) and activa- 
tion of cyclic AMP-dependent protein kinase. 

Another set of early biochemical events that follow receptor 
perturbation and are essential to an interactive and effective 
secretory response have recently been suggested. The sequential 
actions of two methyltransferases catalyse the methylation of 
membrane phosphatidylethanolamine to form  phospha- 
tidylcholine, with concomitant activation of calcium ion chan- 
nels and increased calcium ion flux’’”'. Inhibition of this phos- 
pholipid methylation step by dibutyryl cyclic AMP suppresses 
mediator release but not the activation of adenylate cyclase*”', 
whereas blockade of the active site of the adenylate cyclase 
molecule by a ribose-modified adenosine analogue suppresses 
mediator release but not phospholipid methylation®’. As 
suppression of either membrane adenylate cyclase or methyl- 
transferase inhibits IgE-dependent activation—secretion, it is 
apparent that these are parallel but not sequential early events. 
The recent finding? that the introduction of  diiso- 
propylfluorophosphate (DFP) prevents not only mediator 
release” but also the methylation of phospholipid and the rise in 
cellular levels of cyclic AMP suggests that the uncovering of a 
membrane serine protease may precede the other early 
membrane-related biochemical changes. 

The dose-related inhibition of mediator release by pretreat- 
ment of cells with methylxanthine is associated with a rise in 
cellular levels of cyclic AMP and activation of both type I and 
type H cyclic AMP-dependent protein kinases’*”*. Although 
this inhibition could reflect the phosphorylation and thus 
inactivation of a protein critical in the activation-secretion 
sequence, an alternative possibility is that it reflects competitive 
depletion of cyclic AMP-dependent holoenzymes”. By analogy 
with endocrine cells and platelets’®”’, the precondition for the 
uptake of water and the granule swelling that occur before 
granule discharge may be an increase in granule membrane ion 
permeability brought about by cyclic AMP-dependent phos- 
phorylation of a perigranular membrane protein. Because they 
are essential for the ATP- and actinomyosin-dependent 
contraction of microfilaments’, calcium ions probably have a 
direct role in the movement of secretory granules to the mast cell 
surface for discharge. The combined effects of granule swelling 
and contraction of cytoskeletal elements could then bring the 
perigranular membrane into contact with the plasmalemma. 
IgE-dependent activation-secretion of concentrated human 
mast cells is characterized by solubilization of the crystalline 
secretory granules within the first minute, and by the ordering of 
intermediate filaments around the swollen granule followed by 
fusion of the perigranule membrane with the membranes of 
other granules or with the plasmalemma™. Parallel generation 
of plasma membrane lysophospholipids and diacylglycerol by 
the actions of calcium-dependent phospholipases could facili- 
tate membrane fusion*””’ and exposure of the contents of the 
mast cell granule to the extracellular fluid environment. 


Implications for physiological and 
pathobiological responses in humans 


The preliminary data available on human cellular responses to 
the leukotrienes in vitro and in vivo indicate that minimal 
concentrations of these agonists produce effects characteristic of 
a host inflammatory response. On human bronchi, LTC, and 
LTD, are spasmogens, more than 1,000 times as potent as 
histamine and 500 times more potent than PGF,, on a molar 
basist". LTC, and LTD, elicit a wheal and flare in the human at 
0.1-1.0 nmol per site*’, compared with a 1-10 pmol range for 
histamine!°', but the flare caused by the leukotrienes is much 
more persistent, suggesting some effects on arterioles or deeper 
venous elements’. LTB, has a measurable chemotactic effect 
on human neutrophils in vitro at a concentration of 3 x 10° M, 
which is a 10-100-fold lower threshold than that for 5-HETE** 
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Table 1 Mediators of rat and human mast cell secretory granules 


Rat Human 
mast cells x 10° mast cells x 10° 
Le Units Units 
Protein (total) 56 
B-hexosaminidase 0.22 1.1 3.4 
B-glucuronidase O.11 0.16 0.03 
Arylsulphatase <Q] 0.09 0.03 
Chymase 24 0.6 <0.05 
Tryptase <0,02 0.9 
Histamine es E7 
Serotonin 1 0 
Heparin 
glycosaminoglycan 30 4.0 


Units are defined according to the capacity of each enzyme to 
cleave measured quantities of its synthetic substrate in standard 
conditions**"*”, 


and is quite comparable with that for C5a or C5aq., arg (ref. 102). 
In vitro, LTB, is more chemotactic for human eosinophils'”’, in 
terms of both potency and activity, than are the eosinophilotac- 
tic tetrapeptides'**. In human skin, LTB, is chemotactic for 
neutrophils at doses of only 0.3~1.6nmol (ref. 50); no 
comparative data are available for other chemotactic factors. 

A combination of the lipoxygenase and cyclooxygenase 
products of arachidonate metabolism can have a synergistic 
pro-inflammatory action. Thus, the cutaneous infiltrate elicited 
by the injection of LTB, into the skin of rabbits, monkeys and 
humans is augmented by the presence of vasodilating prosta- 
glandins such as PGE, and PGD, (refs 50, 105). In the human, 
PGD, alone elicits a transient wheal and flare, whereas LTB, 
produces a time-dependent indurated and tender lesion with a 
peak effect after several hours. When a subclinical dose of LTB, 
is given with PGD,, the local wheal and flare subsides only to be 
followed by the appearance of an indurated lesion, which biopsy 
reveals to be rich in neutrophils’. These interactive effects may 
be of great clinical importance in that the inhibition of the 
cyclooxygenase pathway by a non-steroidal anti-inflammatory 
agent, with attenuated generation of cyclooxygenase products 
and augmented production of lipoxygenase products, could be 
beneficial or detrimental depending on the responsiveness of 
target tissues and cells to the altered product profile. Further- 
more, the recent findings that CSa-induced contraction of 
guinea pig ileum and CS5a/C5a4q., 4,,-induced increased venular 
permeability involve recruitment of oxidative products of 
arachidonate'’*'°’ suggest that the physiologically equivalent 
situation may require combination of the leukotrienes with 
cyclooxygenase products. 

Although the mast cell primary granule-associated mediators 
manifest vasoactive, permeability-augmenting, spasmogenic 
and chemotactic activities which can modulate the micro- 
environment so as to recruit protective proteins and cells to the 
inflammatory site, it may be that the secondary mediators are 
critical to a fully developed local host response. The interaction 
of the oxidative products of arachidonate metabolism with each 
other and with the mediators of the mast cell secretory granule 
may provide the intensity of local response needed for sub- 
clinical, homeostatic regulation of the microenvironment at 
cutaneous and mucosal surfaces and around venules which are 
constantly exposed to noxious substances. The recruitment of 
the oxidative products of arachidonate from both motile and 
tissue-fixed secondary cell types affords an amplification 
mechanism for these host responses. Just as the alternative 
complement pathway serves to distinguish self from non-self 
without the exquisite specificity of adaptive immunity, and can, 
in addition, augment an immunologically specific complement 
response’ ®, so the interactive functions of the chemical medi- 
ators derived from arachidonic acid can be brought into action 
by both immunological and non-immunological stimuli to 
amplify the effects of other mediators. 
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The leukotriene constituents of SRS-A can, for example, be 


generated by immune complex-, complement- and poly- 
morphonuclear leukocyte-dependent mechanisms in the rat**. 


This may be relevant to the synovial fluid abnormalities of 
patients with active rheumatoid arthritis, where the presence of 
immune complexes’? undergoing complement-dependent 
phagocytosis by neutrophils'’® is associated with the generation 
of the chemotactically active LTB, (ref. 111). It is likely that 
LTB, is generated by the neutrophils themselves and serves to 
amplify the profound neutrophilia characteristic of rheumatoid 
effusions. Furthermore, it is possible that non-steroidal anti- 
inflammatory agents fail to reduce remissions because, although 
they inhibit arachidonate metabolism, they may augment the 
synthesis of the lipoxygenase products. 

The leukotriene constituents of SRS-A may prove to be 
important mediators of the reversible loss of pulmonary elasti- 
city and the ventilation—perfusion inequalities with hypoxia that 
are observed in asthmatics even when central airways are 
sufficiently patent to minimize wheezing''*''’. The effects of 
aerosol administration of partially purified SRS-A to monkeys 
are predominantly on peripheral, rather than central, air- 
ways''*, as was observed previously in studies in intact guinea 
pigs**. Both monkey lung and human lung sensitized in vitro 
with serum of ragweed-sensitive humans release SRS-A leuko- 
trienes on challenge with antigen or anti-IgE**''*''*, In sensi- 
tized rhesus monkeys, the acetylenic analogue of arachidonic 
acid, 5,8,11,14-eicosatetraynoic acid (ETYA), a competitive 
inhibitor of all oxidative pathways of arachidonate metabolism, 
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prevents the bronochoconstriction induced by an IgE- and mast 
cell-dependent response to aerosolized antigen'’’. As this 
response is also partially blocked by an end-organ antagonist of 
SRS-A leukotriene function, FPL-55712, but not by the cyclo- 


oxygenase 


inhibitor indomethacin’, the 5-lipoxygenase 


pathway may be preferentially involved. Furthermore, as the 
adverse reactions to non-steroidal anti-inflammatory agents, 
characterized by wheezing, urticaria and angioedema, are 
not immunological, the mechanism may involve a shift in 
arachidonate metabolism to the lipoxygenase pathway. 

The speculations that the leukotrienes are involved in the 
pathobiology of immune complex disease and of allergic and 
non-allergic bronchial asthma, imply that pharmacological 
intervention must aim to reduce the oxidative metabolism of 
arachidonic acid via the 5-lpoxygenase pathway. Because 
steroid hormones suppress the activation of cellular phos- 
pholipases’'” and hence the elaboration of arachidonic acid, it is 
possible that a major anti-inflammatery action of steroids 
involves substrate limitation of arachidonic acid metabolism via 
both pathways. Non-steroidal inhibitors of arachidonate 
metabolism by both pathways suppress antigen-induced 
bronchospasm in monkeys''’ and zymosan-induced cutaneous 
inflammation in guinea pigs'’’. Although these are encouraging 
findings, the agents are not suitable for clinical investigation and 
the animal models are too limited to be relevant to human 
disease. 
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Standing eddy fluxes of geopotential are derived from Northern Hemisphere conventional and satellite data. Vertical and 
meridional wave guide behaviour is clearly evident for planetary-scale wave disturbances in the extratropical winter 
troposphere and stratosphere. In accordance with zonal harmonic perturbation model studies (steady-state and linearized ) 
of forced planetary wave propagation, the observed standing wave geopotential flux patterns are characterized by a marked 
dependence on zonal wavenumber and the basic state transmission properties (refractive index squared ). Transports for the 
middle and upper stratosphere are based on satellite measurements of thermal radiation and represent the first quantitative 
analysis at these levels of two-dimensional wave guide effects associated with individual zonal wave disturbances for a 


quiescent stratospheric winter period. 
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THE Asian High and Icelandic Low are noteworthy examples of 
wave-like deviations from zonal (longitudinal) symmetry 
present on seasonal circumpolar charts of sea-level pressure. 
Hemispheric analysis of conventional (radiosonde) and satellite 
(radiance) data has shown that such standing wave disturbances 
extend into the stratosphere and mesosphere during winter, and 
are confined to tropospheric levels in summer’ *. Steady-state 
numerical results obtained from both global general circulation 
and linearized mechanistic models have established that the 
atmospheric standing eddies are primarily forced in the tropo- 
sphere through the combined influence of large-scale orography 
and net diabatic heating processes” ”. 

Observational and model investigations of the seasonal 
balance of kinetic energy have revealed that the stratospheric 
winter circulation is strongly influenced by tropospheric 
planetary-scale wave disturbances through a vertical transfer of 
wave mechanical energy at the tropopause ‘boundary, 
This external dynamical forcing arises through the rate of work 
exerted vertically (per unit area of the boundary surface) by the 
existing pressure perturbation forced in the troposphere. At a 
given latitude and height, the pressure-work surface effect 
therefore involves a correlation between pressure and vertical 
velocity. However, when pressure is used as the ‘vertical’ coor- 
dinate, the same effect is given by the correlation between the 
geopotential height of the pressure surface and w the ‘pressure- 
velocity’. This may be regarded as a flux of geopotential through 
an isobaric surface. 
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The pressure-work forcing mechanism has also been inter- 
preted—from both a theoretical’* and observational’® view- 
point—-as representing vertical wave propagation or a vertical 
wave energy flux. Perhaps of more relevance to the present 
study is the apparently close relationship between wave pro- 
pagation and the wave pressure-work (geopotential flux) effect 
discussed in linearized and steady-state model investigations of 
forced tropospheric standing wave disturbances”, These 
models predict the occurrence of vertical (and meridional) wave 
guides in the troposphere and stratosphere which are critically 
dependent on the zonal wavelength of the forced disturbance 
and the transmission properties (refractive index squared) of the 
zonally averaged atmosphere. 

Previous observational studies of stratospheric energy trans- 
ports using satellite radiance data have analysed net eddy 
mechanical energy flux contributions, both for a Southern 
Hemisphere winter period™ and on a daily basis during a 
Northern Hemisphere major stratospheric sudden warming 
event’’, The principal aim of the present investigation, however, 
is to evaluate two-dimensional wave guide characteristics (on a 
seasonal basis) of individual standing zonal wave disturbances in 
the Northern Hemisphere troposphere and stratosphere for a 
relatively undisturbed stratospheric winter period. This type of 
analysis permits comparison of conventional and satellite 
analyses and also facilitates the interpretation of the observed 
wave guide features in terms of steady-state and linearized 
model results for the Northern Hemisphere. 
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Observational technique 


The present study uses two basic sources of hemispheric data: 
(1) conventional objective analyses of temperature (T) and 
geopotential height (H) for 13 standard constant pressure levels 
from 850 to 10 mbar (~30 km) processed daily for 12.00 GMT 
by the National Meteorological Center, Washington 
(NMC)**?7, and (2) daily-mean latitude—longitude radiance 
analyses derived by the Atmospheric Physics Department, 
Oxford University, through interpolation of declouded day- 
night orbital measurements of IR radiation from the selective 
chopper radiometer (SCR) on Nimbus 5 (refs 28, 29). NMC and 
SCR analyses were subsequently averaged for the period 
{ December 1973-13 February 1974, NMC fields interpolated 
from a polar stereographic to a latitudeongitude format and 
then zonal harmonic analysis applied to NMC and SCR time- 
mean grids (resolution: 4° lat. x 10° long.). A statistical ‘mini- 
mum information’ retrieval formulation™, appropriate for 
‘point’ radiance measurements, was modified through Fourier 
series expansion”! to permit retrieval between 20 and 80°N of 
zonal harmonic temperature coefficients from winter-mean 
zonal harmonic radiance coefficients for the eight SCR CO, 
sounding channels. The retrieved temperature coefficients, on 
35 constant In pressure levels, were then used to compute the 
SCR geopotential height coefficients through hydrostatic 
integration from an NMC reference height analysis level of 
300 mbar. Data for the period following 13 February were not 
included in the present ‘quiet’ winter analysis because of the 
onset of a aaa la sudden warming and zonal-mean 
wind reversal 

From these time-mean flelds, latitude—pressgure cross-sections 
were computed for the zonal geostrophic wind (8f, and the 
eddy flux of geopotential (7 = by zonal wavenumbers 1 and 
2 (W1, W2), where g is gravitational acceleration (constant) and 
time- and zonally averaged quantities are denoted by an overbar 
and square bracket, respectively. Standing eddy flux of geo- 
potential (FOG) components were evaluated from expressions 
derived by Eliassen and Palm™ for steady-state, geostrophic, 
frictionless and adiabatic flow 


[a] [(6)* (2)*] = 15] [a] [(a)* (6)"1 (1) 
eee ee a (2) 
g giS)] 


where for a given pressure (p) and latitude (¢) the local devia- 
tion from the zonal mean is denoted by ()*, p is density, f the 
Coriolis parameter, 20 sin ġ, with Q the Earth’s angular rota- 
tion speed, v the meridional velocity, and in isobaric coor- 
dinates, adiabatic vertical velocity is w and static stability, 


a6 
MO smn R/cy — 

S = —( p/ Po) 3p (3) 
with @ potential temperature, po a reference pressure 
(1,000 mbar), R the dry air gas constant, and c, the specific heat 
of air at constant pressure. Equations (1) and (2) indicate that for 
westerly basic state flow an upward and equatorward FOG is 
associated with a poleward geostrophic flux of heat and 
momentum—or equivalently, a westward and eastward standing 
wave phase displacement with increasing height and latitude, 
respectively”. Equations (1) and (2) were expanded (using the 
geostrophic approximation for u and vo) in terms of zonal 
Fourier series coefficients in spherical polar coordinates for 
evaluation on constant pressure surfaces. Linear interpolation 
with respect to ln p was used to calculate NMC static stabilities, 
with the 10-mbar values derived in part from both climatology 
and SCR retrieved temperatures for 5 mbar (refs 13, 16). 

Representative values of the zonally averaged refractive 
index squared for the 1973—74 winter were calculated from the 
gridded [4] and [T] fields by adopting the formulation derived 
by Matsuno’® in a linearized numerical investigation of steady- 
state, geostrophic, two-dimensional forced wave propagation in 
spherical coordinates. For the case of standing waves superim- 


109 
posed on an adiabatic and frictionless flow, the index of refrac- 
tion squared, N, becomes 
ta] | AG] 


oo 


—(K sec $)? (4) 


N(K)= =[aT* {20a cos ¢ +[a] sec’ ge 
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where a is the Earth's mean radius, zonal wavenumber K = 
2ra cos ġ/zonal wavelength, and from the zonal thermal wind 
relation, the vertical shear of the basic state flow 


aa] _ RaT] 
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The zonally averaged transmission properties are therefore 
represented here through the combined effects of the vertical 
component of the Earth’s vorticity and spherical geometry, [4] 
magnitude, sign, shear and curvature, compressibility, static 
stability and zonal wavenumber. Vertical centred finite 
differences were used to determine both [5] and term 5 in 
equation (4). 


Observed basic state properties and 
standing wave fluxes 


Figure 1a shows the NMC and SCR [4] cross-sections for the 
regions 20~80°N, 850-10 mbar and 300-~0.3 mbar, respec- 
tively. In terms of the main westerly jet features, the 1973-74 
winter zonal wind distribution is broadly similar to that pre- 
viously derived from midwinter climatological studies 
incorporating conventional data'*""***, Winter-mean values of 
N(0) for 1973-74 are presented in Fig. la and indicate that local 
contributions arising from [4] shear and curvature significantly 
influence index variations. For example, in the upper tropo- 
sphere and lower stratosphere, the sign of N (0) reverses north of 
~30°N. As shown in Table 1, the negative (positive) values near 
40°(50-70°)N are associated with positive (negative) meridional 
curvature in the presence of easterly (westerly) vertical shear 
(note that the effect of meridional shear is negligible). Index 
values in the upper stratosphere increase south of 40°N within a 
region of decreasing westerly [2] and vertical shear. 

The corresponding geopotential height amplitude and FOG 
cross-sections for the Wi and W2 disturbances are shown in 
Fig. 1b and c, respectively. A vector representation of the FOG 
components has been adopted which incorporates scaling 
dependent only on height; consequently, the plotted FOG 
vectors at a given height are directly comparable over latitude 
and between wavenumbers. At a given point in the latitude- 
pressure domain, a vector represents the resultant standing eddy 
FOG (zonally averaged) contribution per unit area for an 
individual wavenumber component. In terms of the local energy 
balance for the zonally averaged atmosphere, the two-dimen- 
sional divergence of the FOG components represents an 
‘external’ source of eddy kinetic energy’. (Note, however, that 
an alternative approach to the diagnosis of planetary wave 
propagation for the zonally averaged atmosphere has been 
discussed by Edmon et al.™.) The analysed geopotential height 
wave amplitudes are shown for completeness; they do not 
necessarily directly depend only on the eddy FOG divergence, 
because the time-mean amplitude structure may also be 


(5) 


‘influenced by in situ baroclinic, barotropic, dissipative and 


nonlinear processes. 

In the troposphere, maximum W1 amplitudes and an upward 
FOG are observed at ~40°N. At upper troposphere and lower 
stratosphere levels, the vertical flux divides into an equatorward 
and poleward branch in the region of negative N (0), this effect 
being prominent in both NMC and SCR analyses. The nature of 
the observed FOG bifurcation and Ñ (0) variations implies that 
the two FOG branches may represent subtropical and polar 
wave guides. The relative importance of zonal wavenumber 
dependence for K = 1 (see equation (4) and Table 2) increases in 
polar latitudes with the N(0) values, shown in Fig. la, further 
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reduced for W1. At the tropopause level, the polar W1 FOG 
branch tunnels through a relatively shallow negative N(1) layer, 
guided towards the polar jet core axis and region of positive 
N(1). 

A noteworthy feature of the subtropical W1 guide in the 
upper troposphere is the suggestion of a meridional FOG con- 
vergence south of the basic state jet core. This wave guide may 
therefore represent a possible source of kinetic energy for eddy 
and perhaps basic state components of the tropical circulation. 
The W1 height disturbance in the lower polar stratosphere is 
centred slightly north of the polar jet core axis and characterized 
by a divergent upward FOG, whereas in the middle and upper 
stratosphere an increasing meridional FOG transfer occurs. The 
stratospheric vector patterns suggest that W1 vertical FOG 
convergence is principally confined to polar latitudes at levels 
above ~10 mbar with divergence below. As in the troposphere, 
an equatorward W1 guide is present in the upper stratosphere 
with the FOG vectors apparently refracted from negative N(1) 
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values to positive. The W1 meridional FOG is a maximum at 
~40 km, with a flux convergence south of 50°N as indicated by 
tabulated values (not shown). Compared with lower levels, the 
W1 amplitude structure in the upper stratosphere is charac- 
terized by an increased meridional scale, similar to that observed 
for the zonal wind field. 

The W2 amplitude and FOG patterns in Fig. 1c differ from 
those for W1 in several important aspects. First, the W2 
disturbance is centred between 40 and 70°N throughout the 
troposphere and stratosphere, although some increase in meri- 
dional scale occurs above ~25 km. The tropospheric component 
is located more directly below the polar jet core axis, and is 
associated with a marked vertical FOG concentrated along this 
jet axis with relatively small meridional transfers towards tropi- 
cal and polar latitudes. Second, in terms of the vertical FOG, 
both NMC and SCR analyses indicate that the W2 vertical 
penetration is less than that for W1, particularly if vertical 
flux contributions are averaged with respect to latitude. The 
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Fig.1 Latitude—pressure cross-sections for the Northern Hemisphere 1973-74 winter, showing conventional (left) and satellite-derived (right) 
zonally averaged distributions of: a, zonal (west~east) geostrophic windinms and selected values of the basic state refractive index squared 
N(0) (denoted by asterisk), and standing zonal wavenumber 1(b) and 2(c) geopotential height amplitudes in dm and associated flux of 
geopotential vectors in W m `?. Meridional and vertical vector components are everywhere scaled in the ratio 200:1, thereby preserving vector 
direction; vector magnitudes, however, vary with height for the layers indicated. Further details of the vector representation are given in the text. 
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Table 1 Zonally averaged refractive index squared N (K) for con- 
ventional and satellite analyses for the 1973-74 winter 





NMC SCR 
Latitude-pressure 40°N, 60°N, 44°N, 56°N, 40°N, 
grid coordinates 61 mbar 33mbar 27 mbar 27 mbar 3 mbar 
Terms: 1+2 49 22 37 20 16 
3 ~il 14 ~29 27 10 
4 a d 0 1 2 1 
5 —43 11 —14 13 10 
6 —4 -7 ~§ —8 -4 
Ñ (0) ~8 40 ~10 54 33 
Nii) ~10 36 -12 $1 31 
N(2) -15 24 -18 41 26 





Values are presented for selected points in Fig. 1a for K = 0, 1 and 2. 
Also included are contributions arising from terms 1-6 in equation (4) 
(those independent of K). 


observed difference in vertical structure is consistent with theory 
through the increased wavenumber (squared) dependence in 
equation (4) in polar latitudes (see Tabfe 2). Third, in the 
subtropical upper stratosphere, a meridional FOG convergence 
is observed for the W2 component, although the magnitude of 
the flux is generally less than 50% of that observed for the W1 
disturbance at this level. (Uncertainties in the objectively 
analysed height fields are known to be responsible for the 
distorted NMC W2 meridional FOG pattern in the upper tro- 
posphere between 20 and 25°N (ref. 37).) 

Discussion 

The magnitude and direction of the FOG vectors observed for 
the 1973-74 winter are in broad agreement with results from 
previous time—mean standing eddy flux investigations for the 
Northern Hemisphere ‘troposphere and lower-middle strato- 
sphere'''*7°°8** particularly if allowances are made for the 
influence of interannual variability, uncertainties associated 
with the basic conventional hemispheric analyses** (see below) 
and differences in the evaluation of eddy transports (for exam- 
ple, the inclusion of transient eddy FOG contributions”? +, or 
the use of a constant static stability for the vertical FOG 
component*’*’). The pattern of equatorward FOG vectors 
described here for the middle-upper stratosphere supports the 
wave guide interpretation proposed by Barnett through 
harmonic analysis of the Northern Hemisphere stationary W1 
radiance component during 1973-74 for the SCR channel B12 
centred at ~45 km. 

The NMC and SCR vector patterns are characteristic of zonal 
wave guide effects described in steady-state perturbation model 
studies of one- and two-dimensional propagation of Northern 
Hemisphere planetary-scale wave disturbances forced in the 
troposphere’™'’?*, Aspects of the model solutions featured in 
the 1973-74 winter analysis include: (1) zonal wavenumber 
dependence on vertical penetration, and ‘tunnelling’ of standing 
wave mechanical energy through a shallow minimum N(K) 
barrier in the tropopause region, as first proposed by Charney 
and Drazin'’, (2) ducting or concentration of wave mechanical 
energy along the stratospheric polar jet core axis'®*° and 
towards tropical latitudes in the upper troposphere‘? and 
middle-upper stratosphere'*'’**, (3) variations in meridional 
scale between lower and upper stratospheric wave dis- 
turbances” and (4) reduced vertical penetration for the polar 
W2 disturbance'®*’. The Matsuno’? and Simmons’? model 
solutions predict differences in the depth of W2 penetration of 
~ 10-15 km along the polar jet core axis in the lower and middle 
stratosphere. The SCR W2 geopotential height amplitude (Fig. 
1c) is a maximum along the polar jet axis at ~35 km, 60°N, and 
closely resembles the analytical solution obtained by Simmons”” 
for a two-dimensional basic state zonal flow similar to that 
depicted in Fig. la for the region 15-45km and 40-80°N. 
However, we hesitate to draw firm conclusions regarding 
detailed comparisons of vertical penetration in view of the 
probable uncertainties in the SCR analyses (see below). 
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Table 2 Contribution by term 7 (~K * sec") in equation (4) to the 
zonally averaged refractive index squared NUK ) 





Latitude @ 20-30° 40° 50° 60° 70° 80 
Zonal wavenumber 1 — f -2 -3 “= C -—-33 


Zonal wavenumber 2 -5 -7 ~10 ~ 164 ~34 ~-133 





Close examination of Fig. 1 and Table 1 reveal differences 
between the SCR and NMC 1973-74 seasonal analyses. Such 
observational ‘errors’ are not unexpected for several reasons: 
(1) the inherent vertical separation and width of the SCR 
channel weighting functions results in only poor resolution of 
features with a vertical scale less than ~~5 km, (2) zonal wave 
coefficients and corresponding transports may be distorted by 
vertical compensations which arise during the temperature 
retrieval process, and (3) comparison of the NMC 30-mbar 
seasonal diagnostics with those derived from independent 
hemispheric analyses of the same conventional radiosonde 
reports (see Table 3) has revealed discrepancies > 25%. The 
differences evident in Table 3 probably reflect sampling errors in 
the initial data sets and first-guess ‘virtual reports’. The magni- 
tude of uncertainty associated with the ‘ground-truth’ diag- 
nostics should therefore be borne in mind when judging the 
usefulness of the SCR seasonal analyses in the stratosphere. 

The influence of variations in wavenumber retrieval pro- 
cedures on the SCR flux patterns will be discussed elsewhere. 
Standing eddy heat and momentum transports, flux contribu- 
tions for other seasons and higher zonal wavenumbers, NUK) 
cross-sections, the accuracy of conventional seasonal strato- 
spheric height and temperature analyses and comparison with 
dynamical models will also be examined. 


Conclusions 


The observational evidence presented here indicates that 
dynamical interaction between the extratropical troposphere 
and quiescent stratosphere for the Northern Hemisphere winter 
is characterized by vertical and meridional propagation of 
standing planetary-scale waves primarily forced in the tropo- 
sphere. The nature of propagation implied from the FOO vector 
patterns suggests a marked dependence both on zonal 
wavenumber and the two-dimensional transmission properties 
(refractive index squared) of the basic state. Such a wave guide 
interpretation accords with results from steady-state linearized 
model investigations, and seems to be closely related to the 
question of the role of standing eddies in determining the 
winter-mean balance of kinetic energy in the subtropical and 
polar stratosphere. 

The present study reveals considerabie agreement between 
NMC and SCR seasonal flux analyses despite substantial intrin+ 
sic differences between conventional and satellite observing 
systems. A noteworthy feature is the observed wavenumber- 
dependent FOG bifurcation in the upper troposphere and duc- 
ting of wave mechanical energy in the stratospheric polar jet 
Table 3 Comparison of planetary-scale diagnostics derived from 
independent conventional winter-mean hemispheric analyses of 
temperature and geopotential height (NMC, Washington, and Berlin 





University)” 

1973-74 winter; 30 mbar, 60°N NMC Berlin 
[äl] íms >) 26.3 99.7 
Geopotential height Wi 33.8 37.2 
Amplitude (dm) W2 pe SP 32.0 
HDD] (ms K) Wi 16.5 14.3 
: w2 9.6 14.2 
[(a@)*(o)*] ims) Wi 172 24 
w2 14 10.9 


Quantities displayed are the basic state zonal wind, and for zonal 
wavenumbers 1 and 2, the standing wave amplitude and meridional flux 
of heat and momentum. 

* The same radiation corrections are applied and satellite thicknesses 
excluded. 
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region as predicted by Matsuno’? and Simmons””. Statistical 
retrieval of satellite radiance measurements has permitted an 
extension of the conventional FOG analysis into the upper 
stratosphere, thereby allowing the first quantitative obser- 
vational evaluation of seasonal, two-dimensional wave guide 
effects above the 10-mbar level for a relatively undisturbed 
Northern Hemisphere winter. Perhaps the most striking result 
of the SCR 1973-74 flux analysis in the upper stratosphere is the 
marked equatorward FOG by both W1 and W2 disturbances. 
The broad agreement between SCR and NMC analyses and 
wave propagation theory provides further evidence to support 
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Formation of a 2'-phosphomonoester, 
3',5' -phosphodiester linkage by a 
novel RNA ligase in wheat germ 
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Extracts of wheat germ contain an RNA ligase activity that catalyses the conversion of linear polyribonucleotides into 
covalently closed circles. The newly formed 3',5’-phosphodiester bridge is resistant to alkali and a number of ribonucleases. 
This unusual stability is due to the presence of a phosphoryl group esterified to the,2’-position of the 3’-nucleotide joined. This 
is the first demonstration of an RNA ligase in higher plants and of a natural 2’-phosphomonoester, 3',5’-phosphodiester 


linkage. 


MATURATION of eukaryotic RNAs frequently involves the 
excision of intron sequences and subsequent ligation of RNA 
segments’. The enzymatic mechanism responsible for this 
unique processing is of considerable interest. At present two 
enzyme activities are known to possess RNA ligase activity: one, 
purified from Escherichia coli infected with phage T4, catalyses 
the intra- and intermolecular joining of 5’-phosphate and 3’- 
hydroxy termini’. The second, described more recently’™, 
catalyses the joining of the two halves of tRNA molecules after 
excision of the intron from tRNA precursors in Saccharomyces 
cerevisiae and Xenopus oocytes. In contrast to the T4 RNA 
ligase, these enzymes require 5'-hydroxy and 3'-phosphate 
termini. Apart from these activities, isolated nuclei of adeno- 
virus-infected HeLa cells process viral mRNA precursor mole- 
cules, that is excise intron sequences and ligate RNA frag- 
ments’. A similar enzyme system that performs post-tran- 
scriptionally both the endonucleolytic cleavage and ligation of 
an intron-containing precursor of ribosomal RNA has been 
found in nuclei’ and nucleoli? of Tetrahymena thermophila. 
Here we show that extracts of wheat germ contain an RNA 
ligase activity able to convert linear polyribonucleotides into 


6028-0836 /81/370112—05901 00 


covalently closed circular molecules. This activity uses as a 
substrate 5'-hydroxy-terminated RNA molecules bearing a 
phosphate at the 3’ terminus. Preliminary evidence indicates 
that a 2',3’-cyclic phosphate rather than a 3'-phosphomonoester 
is required. Surprisingly, the newly formed 3',5’-phosphodiester 
linkage is insensitive to many ribonucleases and to alkali. We 
provide evidence that this resistance is due to a phos- 
phomonoester group in the 2’ position at the site of the 3’,5’- 
phosphodiester linkage. 


Conversion of a TMV RNA fragment 
to a covalently closed 
circle by wheat-germ extracts 


The polyribonucleotide used throughout is the RNase T,-resis- 
tant leader fragment (73 nucleotides long) of tobacco mosaic 
virus (TMV) RNA (SPS isolate)’. The fragment was prepared by 
treating the viral RNA with RNase T, and phosphatase, and was 








+ Present address: Institut Suisse de Recherches Experimentales sur le 
Cancer, CH-1066 Epalinges sur Lausanne, Switzerland. 





© 1981 Macmillan Journals Ltd 


Nature Vol. 293 10 September 1981 


Fig. 1 Conversion of linear amas: 
N fragments to circular i 
molecules in wheat-germ 
extract. A, unlabelled leader 
fragment (N) of TMV (SPS - 
isolate) RNA was isolated, eè 
phosphatase treated and N/A aw 

labelled at the 5 end as 
described elsewhere’. S'OH-, 
3'-**P-labelled was pre- 
pared either by RNase T, 
cleavage of Q circles (Q.) 
which had been obtained by 
incubation of T4 RNA ligase 
with 5'-**P-labelled N or by 
T4 RNA ligase-catalysed 
addition of **P-pCp to the 3' 
end of N (ref. 9) and 
subsequent treatment with 
RNase T,. Incubation was 
carried out in 5 yl containing: 
20mM HEPES-KOH, pH 
7.4, 4mM MgAc,, 100mM 
KAc, 804M spermine, 
10mM creatine phosphate, 
60 ug ml“ of creatine kinase, 
2.5 mM ATP, 10% dimethyl 
sulphoxide (DMSO), 1 ul of 
23,000g supernatant (~50 ug 
protein) prepared from 
commercial wheat germ’® and 
5-10 10° c.p.m. of appro- 
pirate **P-labelled N frag- 
ment. After incubation at 
30 °C for 7 min, samples were 





made up to 8M with urea, a 6 é ad e f 


electrophoresed on 20% A 
polyacrylamide-8M urea gel 
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and autoradiographed as described elsewhere’. a, [5'-**P]N; b, [S’-**PJQ; e, [3'-"P]N incubated with wheat-germ extract; c, N, synthesized by T4 RNA ligase; d,[3'-**P]N; 
e, (3'-2*P]N incubated with wheat-germ extract; f, [3’-**P]N incubated as in e except that ATP was omitted from the reaction mixture. B, circular N formed in wheat germ 
(Q*) was excised and eluted from the gel in the presence of tRNA carrier. N, or NF (200-500 c.p.m.) was treated with different enzymes: polynucleotide phosphorylase'* 
(g, Na; h; QF); tobacco acid pyrophosphatase (1.7 U, 60 mM NaAc, pH 5.0, 10 mM mercaptoethanol, 1.2 mM Na,EDTA, for 1h at 37°C) (i, Q.; k, O*); untreated 
material (l, .; m, 2*); RNase T, (1 U, 50 mM Tris-HCl, pH 7.8 for 1 h at 37 °C) (n, 1; o, NF); calf intestine phosphatase (20 mU, 50 mM Tris-HCl, pH 8.0 for 1 h at 
37 °C) (p, 2.; q, A*); 50 mM NaOH (2 min at 80 °C) (r, 0; s, N$). Samples were analysed by electrophoresis and autoradiography as in A. 


then purified by electrophoresis on a polyacrylamide gel. This 
fragment, called N (ref. 9), can be conveniently labelled with °P 
at its 5’ end using [y- "P]ATP and polynucleotide kinase from 
T4 phage-infected E. coli. Such [5'-**P]Q molecules are readily 
converted into circles by T4 RNA ligase”. Q fragments bearing a 
32P label at the 3’ end ([3’-**P]Q) can be obtained by RNase T, 
cleavage of the purified **P-labelled circular molecules (N) 
from above, or by ligation of 5'-[**P]pCp to the 3’ end of Q, 
followed by removal of the terminal Cp by treatment with 
RNase T, (ref. 9). 

Incubation of [3’-**P]Q with a post-mitochondrial ($23) or 
post-ribosomal supernatant (S100) prepared from commercial 
wheat germ”’ resulted in the formation of RNA molecules that 
migrated in 20% polyacrylamide-8 M urea gels like authentic 0 
circles (Fig. 1). Incubation of [5'-**P]Q with wheat-germ extract 
in identical conditions did not lead to the appearance of this new 
RNA band (Fig. 1A). When the wheat-germ extract was first 
incubated for 10 min at 57 °C or pretreated with proteinase K, 
the new form of Q was not generated from [3'-*’P]Q (data not 
shown), indicating that a protein is involved in its formation. In 
appropriate conditions the yield of product is proportional to 
incubation time and protein concentration (Fig. 2). ATP and 
Mg’" are absolute requirements for the formation of the new Q 
species from [3'-**P]Q; however, the non-hydrolysable ana- 
logues a, B-methylene-ATP and 8,y-methylene-ATP did not 
substitute for ATP in this reaction (data not shown). 

Evidence that the product formed from [3'-**P]Q on incuba- 
tion with wheat-germ extracts corresponds to a covalently 
closed form of Q is presented in Fig. 1B. When this material was 
purified by electrophoresis and subjected to mild alkali treat- 
ment (lane s), the predominant product was a molecule having 
the size of linear Q, in addition to further degradation products 
of the latter. This agrees with the expected single nick con- 
version of circular RNA into its linear counterpart®'’'*. The 
same typical degradation pattern was observed for circular Q 
molecules synthesized by T4 RNA ligase (Fig. 1 and ref. 9). In 





*2P (c.p.m. x 10-7?) 





05 1 2 E. 


Protein (ug per assay) 


Fig.2 Conversion of linear N fragments into circles by wheat-germ ligase; 
dependence on time and protein concentration. 10* c.p.m. of [3'-"*P|Q were 
incubated with wheat-germ 23,000g supernatant and the products analysed 
by gel electrophoresis as described in Fig. 1 legend. Circularized N (1.") was 
cut out and its radioactivity determined. A, dependence of N* formation on 
time of incubation (protein concentration was 50 g per 5 ul assay as for 
Fig. 1). B, dependence of NF formation on protein concentration in a 5-p! 
assay. Incubation time was 7 min. 





114 


either case, fragments with a mobility between that of linear and 
circular forms of 2 were not observed. Such fragments of 
intermediate size would result from the degradation of linear 
dimer 2 molecules or from NQ molecules ligated to some 
component in the wheat-germ extract. 

To characterize further the circular Q synthesized in wheat- 
germ extracts (called hereafter M*, in contrast to N., the circle 
synthesized by commercial T4 RNA ligase) it was treated with 
several enzymes. Parallel digestions of Q. were performed. 
As expected, **P-labelled N. and “P-* were susceptible to 
hydrolysis with RNase T>, nuclease P,;, RNase A (not shown) 
and resistant to 3'-exonucleolytic degradation with poly- 
nucleotide phosphorylase in the presence of inorganic phos- 
phate'*. As reported previously, RNase T, generates linear 2 
molecules from N. due to the susceptibility of the 3',5'-phos- 
phodiester bond between the 3’-terminal G and the 5’-terminal 
U (lane n, Fig. 1B and ref. 9). Most unexpectedly, however, 1* 
was resistant to RNase T, (lane o), and, moreover, the *’P label 
in OF was sensitive to calf intestine phosphatase (lane q), in 
contrast to Q. (lane p). Both Q. and NF were resistant to tobacco 
acid pyrophosphatase, which cleaves polyphosphate and pyro- 
phosphate linkages'*. The latter result and the phosphatase 
susceptibility of the **P label exclude a ligation of 2* by a pyro- 
or polyphosphate bond. 


Structure of the bond formed by 
the novel ligase 


The RNase T, resistance of NË could be due to methylation of 
the single G to m’G or Gm, but this would not explain the 
phosphatase sensitivity of N*. Two structures, however, would 
explain RNase T, resistance of 7 and phosphatase sensitivity 
of the *’P label: either a 2',5'-phosphodiester bond between the 
3'-terminal **P-Gp and the 5'-terminal U, that is, a 


Z N 
5'U—bond 


or a normal! 3'-5' bond with the original 3’-**P label translocated 
to the 2’ position, that is a 
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Fig. 3 Analysis of the products of enzymatic and alkaline digestion of N°. 
1* was treated in 5 yl with: a, calf intestine phosphatase (conditions as in 
Fig. 1B); b, RNase T, (2 U, 10 mM NaAc, pH 4.5, 1 mM Na,EDTA, for 3h 
at 37 °C); c, nuclease P, (1 ug, 50 mM NH, Ac, pH 5.3, for 1 h at 50°C); d, 
50 mM NaOH (0.5h at 90°C); e, RNase T, followed by spleen phos- 
phodiesterase (1 ug, 50 mM Na-citrate, pH 6.5 for 1 h at 37 °C); f, nuclease 
P, followed by snake venom phosphodiesterase (1 ug, 50 mM Tris-HCl, 
pH 7.8 for 1h at 37°C); g, RNase T, followed by snake venom phos- 
phodiesterase; and h, RNase T, followed by calf intestine phosphatase. TLC 
on cellulose plates was performed in f-butanol/HCI/H,O (14:3; 3) (A), or 
isobutyric acid/conc. NH,/H,O, pH 4.3 (577:38:385) (B). Positions of 
appropriate nucleotide markers are indicated. 
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Fig. 4 The labelled dinucleotide obtained from 0% after nuclease P, 
treatment releases [2'-**P]p5’G2'p on further digestion with snake venom 
phosphodiesterase. The structure of pS'G2'p was confirmed by (1) resistance 
of the **P-2' label to the 3’ phosphatase activity of nuclease P, (ref. 14) and 
(2) its chromatographic co-migration with authentic p5'G2'p. N* was diges- 
ted with: a, d, nuclease P,; b, e, nuclease P, followed by snake venom 
phosphodiesterase; and c, f, nuclease P,, followed by snake venom phos- 
phodiesterase and again nuclease P,. Samples were analysed on TLC 
cellulose plates in two different solvents: a-c, isobutyric acid/conc. 
NH,/H,O, pH 4.3 (577:38:385); or d-f, saturated ammonium 
sulphate/1M NaAc/isopropanol (80:18:2)°°. A mixture of authentic 
p5'G2'p and pS’G3'p was prepared by acid treatment of p5'G3'p (1 M HCI, 
l h at 37°C)*". The resistance of our p5'G2'p marker to nuclease P, and 
snake venom phosphodiesterase was confirmed in independent experiments. 
Positions of nucleotide markers are indicated. 


A third and most unlikely structure, containing a phos- 
phorylated guanine base, can be excluded because of the alkali 
resistance of the newly formed bond. Degradation products of 
PNY were therefore analysed by TLC as shown in Fig. 3. 
Extensive digestion with nuclease P,, RNase T, or alkali did not 
yield any of the four labelled ribonucleoside monophosphates, 
but the labelled material behaved like a dinucleoside diphos- 
phate or triphosphate. The fact that the products of both 
nuclease P, and RNase T, digestion were radioactive clearly 
indicated that the label could not be located in the terminal 5’ or 
3' position of the product. Treatment of **P-* with nuclease P,, 
followed by snake venom phosphodiesterase, yielded a product 
with chromatographic properties of p5'G2'p or p5'G3'p. This 
indicates the existence in 1% of a phosphodiester linkage that is 
blocked by an additional 2'- or 3'-phosphomonoester group. 
The nuclease P, resistance also supports the proposed struc- 
tures, as the action of this enzyme is known to be impaired by 
2'-O-methylation’’. 
Conclusive evidence for a 


2p 
E- 
—Gi 
P 


5'U—structure 


is given in Fig. 4. The nucleoside diphosphate generated from 
*2P_()* by the consecutive treatment with nuclease P, and snake 
venom phosphodiesterase migrates together with authentic 
p5'G2'p and not with p5'G3'p. Moreover, the 2'-*’P label is 
resistant to the 3'-phosphatase activity of nuclease P, (ref. 16), 
which easily dephosphorylates p5'G3'p. As expected from 
results obtained with 2'-O-acetylated polynucleotides'’, the 
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RNase T>-resistant dinucleotide from **P-* is not degraded 
further by spleen phosphodiesterase (Fig. 3). These findings are 
fully supported by the experiments shown in Fig. 5. The 
dinucleotides resistant to nuclease P, 
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Fig.5 DEAE-cellulose TLC of digestion products of N#. N* was digested 
with: a, nuclease P,; b, nuclease P, followed by snake venom phos- 
phodiesterase; c, nuclease P, followed by periodate oxidation and 8-eli- 
mination’; d, RNase T,; e, RNase T, followed by nuclease P,; and f, RNase 
T, followed by nuclease P,, periodate oxidation and 8-elimination. 
Chromatography was carried out at room temperature in 0.2 M ammonium 
formate, 9 M urea, 1 mM Na, EDTA, after a short pre-run in water™. An 
RNase A digest of poly(A, C) was used as a marker for net charges (see 
right-hand side of figure). In the case of nuclease P, digestion of N*, the net 
charge of the resulting oligonuleotide was confirmed by DEAE-Sephadex 
column chromatography™ (data not shown). The corresponding products 
are: 
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both have five negative charges. Periodate oxidation and 8- 
elimination of the 3’-terminal nucleoside" of 
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yields a compound with six negative charges 
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that is, 2',3',S'-GTP, whereas similar treatment of the dinucleo- 
tide resistant to both RNase T, and nuclease P, 
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p 
three negative charges, produces a nucleoside diphosphate 
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ki 
p 
four negative charges. So far we have provided direct evidence 
only for the 3'-terminal G of linear 3'-*° P-Q participating in the 
newly formed bond, and not for the presence of the 5'-terminal 
U residue. Sequence analysis of the nuclease P,-resistant 
dinucleotide from **P-1* is shown in Fig. 6. The mobility shift” 
caused by partial snake venom phosphodiesterase digestion of 


pG U 
bee 
p 


is typical for the removal of pU, whereas the resulting **P- 
p5'G2'p co-migrates with authentic p5'G3'p. 


Conclusions 


The most important result of this work is the detection of 
an RNA ligase in higher plants and the discovery of a 
novel mechanism for RNA ligation. In contrast to the known 
ligases’*, the enzyme described here transfers the phosphate 
previously involved in a 3’,5’-phosphodiester bond into a 2’- 
phosphomonoester before or during formation of a new 3',5'- 
phosphodiester bond. Such a structure revives old ideas about 
branched RNAs”. It is likely, however, that the 2’-phos- 
phomonoester, 3',5'-linkage is either the end product or an 





NZ was completely digested with nuclease P, and an aliquot of the labelled 
material was further treated with snake venom phosphodiesterase. The 
mixture of digested and undigested dinucleotide was separated by high 
voltage electrophoresis (first dimension) and homochromatography in 
50 mM Homomix (second dimension)'*. Xylene cyanol (XC) migrated 6 cm 
in the first dimension. For comparison, we have shown the sequence analysis 
of [S'-**P ]pG-G-U (open circles). The dotted circle indicates the position of 
authentic pGp. 
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important intermediate of the ligation reaction. The 2'-phos- 
phomonoester would render the newly formed linkage resistant 
to any reversible action of this ligase, such that any phosphatase, 

specific or nonspecific, could then generate a classical 3',5’- 

phosphodiester bond from the 


structure. The exciting possibility exists that this type of ligation 
mechanism leading to, or through, a 2'-monophosphate, 3’,5’- 
phosphodiester linkage, may be involved in eukaryotic RNA 
splicing. For example, it might operate during formation of yeast 
mitochondrial circular RNA?” or the 0.4-kilobase ribosomal 
intron circle of T. thermophila*’. Moreover, this type of ligation 
could occur during circularization of viroid RNA**** from linear 
precursors. Interestingly, the splice sites in higher plants’® are 
similar (although not identical) to those in other eukaryotes and 
eukaryotic viruses” 

The detailed ligation mechanism for this novel type of ligase is 
unclear, but it is probably a complex reaction involving several 
enzyme activities. For example, it is not known how the new 3'- 
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or S’-phosphate is introduced and activated for ligation, 
although the translocation of the original 3’-phosphate into the 
2'-position of the newly formed phosphodiester bond seems to 
indicate the participation of a 2',3’-cyclic phosphate. Indeed, 
preliminary experiments indicate that Q terminating in 2’,3'- 
cyclic phosphate, a product of incomplete RNase T, action, is 
the substrate for this ligase. This idea is supported by the 
observation that 3'-[°*P]pCp-labelled Q and [3'-°P]Q mole- 
cules generated by extensive RNase T, treatment are not con- 
verted into circles by wheat-germ ligase. 

We have identified in wheat-germ extracts a phos- 
phodiesterase able to transform 2',3'-cyclic nucleotides into 
nucleoside-2'-monophosphates that is similar to the activity 
found previously from other sources”, We have also found a 
similar enzyme activity which is able to act at the level of 
2 ,3'-cyclic phosphate-terminated oligonucleotides. Its possible 
involvement in the phosphate transfer to the 2'-position and the 
detailed ligation mechanism are being investigated. 
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Automated detection of 
variable objects on Schmidt plates 


M. R. S. Hawkins 
Royal Observatory, Blackford Hill, Edinburgh EH9 3HJ, UK 


Searches for variable objects on photographic plates have 
hitherto been largely confined to surveys for RR Lyrae stars; the 
work of Kinman ef al.' and Plaut’ is perhaps the best known. In 
these surveys large numbers of plates were ‘blinked’ in pairs to 
locate the variables, and typically had a limiting magnitude of 
about 19 and a limiting amplitude of 0.3 mag. The procedure is 
extremely time consuming, requires considerable expertise on 
the part of the measurer and necessitates a well matched 
sequence of plates. These surveys have greatly increased our 
understanding of the structure of the Galaxy, but further work 
has inevitably been limited by the effort required. In the field of 
quasars, Usher? systematically searched lists of preselected blue 
objects for variability, providing some important statistics on the 
frequency of variables, but without an automated search pro- 
cedure it has not been possible to detect quasars systematically 
solely on the basis of their variability. I now report a procedure 
for automatically detecting variable objects and give a prelim- 
inary description of the type of object to be found. This tech- 
nique should make it possible to extend the work on RR Lyraes 
and quasars down to a limit of at least B = 21, and to investigate 
the distribution of other classes of faint variable objects. 


I have previously reported” the discovery of a distant super- 
nova on a sequence of Schmidt plates (the observing programme 
and other observational details are also described in ref. 4). 
Seven of the plates, together with the early epoch J3376, have 
now been measured in the image analysis mode of the COSMOS 
measuring machine at the Royal Observatory, Edinburgh, 
which located and measured 120,000 images on each plate in an 
area of 16 deg’. The data sets were then combined to give a set of 
measures for each image. A ‘master plate’ was chosen and for all 
other ‘secondary’ plates a least-squares rotation, translation and 
scale transformation was evaluated. This transformation was 
applied to each master image, a small area on the secondary 
plate searched around the transformed position and the nearest 
image chosen as a provisional pair. This rather simple procedure 
has the undesirable result that the pairing will depend on which 
of the plates is chosen as master, and allows images to be double 
paired. To avoid this ambiguity a further algorithm was used 
which involved successively removing the closest matches, up to 
some limiting separation beyond which images were considered 
unpaired. In addition, an image which was not detected on any 
of the plates was discarded. This rather tight restriction resulted 
in the loss of an average of 1,000 images per plate, causing the 
sample size to drop from 120,000 to 110,000. Future work 
should examine images detected on only a few plates, as they 
undoubtedly contain some highly variable objects, but as most 
seem to be badiy measured images of various types they are 
disregarded here. 

The COSMOS threshold mapping mode precomputes a 
threshold above which images are detected, and outputs 20 
parameters including positional, photometric and structural 
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information for each image. Due to limitation in computer 
storage it was not practicable to carry through all parameters for 
each image as plates were successively paired. The procedure 
adopted was to record position and about four structural and 
photometric parameters for the master plate. For each secon- 
dary plate only one parameter was recorded, the sum of the 
intensities, as calibrated by step wedge, above the threshold. 
Due to thresholding and other effects this does not correspond 
to true magnitude, but is nonetheless a useful photometric 
parameter. 

To detect variability it is clearly necessary to reduce all 
measurements to the same system, although this need not be 
true magnitude. Here, measurements on each plate were trans- 
formed to those on the master plate using a least-squares 
polynomial fit. Finally, all measurements were transformed to B 
magnitudes using an electronographic sequence. The effective- 
ness of this procedure was estimated by evaluating the r.m.s. 
variation in the measurements for each image, and plotting them 
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Fig. 1 The variable object VI showing maximum and minimum luminosity 
and an objective prism spectrum. 
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Fig.2 The variable object V5 showing maximum and minimum luminosity 
and an objective prism spectrum. 


as a histogram which peaked at 0.14 mag. This rather unsatis- 
factory value was greatly improved by making the trans- 
formation a function of position on the plate, and gave a r.m.s. 
peak at 0.08 mag, close to the practical limit for photometric 
accuracy on Schmidt plates. This error was essentially indepen- 
dent of magnitude to B =21, the limit of the survey. This 
histogram of r.m.s. variation showed a pronounced tail to high 
values, including true variables and several categories of 
spurious variation which had first to be eliminated. These 
included close images resolved on only some of the plates, 
images located near the diffraction spikes or haloes of bright 
stars, and galaxies for which the calibration was not correct. 
Appropriate algorithms were devised to discard the various 
types of spurious variation, and a short list of variable candidates 
was produced. Examination of the plates by eye showed these to 
be mostly true variables. 

Table 1 lists the variable objects detected, with details of their 
light curves and other information. The classification procedure 
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Table 1 Properties of variable objects 
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RA . Dec 
Object no. : B max 
V1 2th 34min 44.2 -43 55° 46" 20.72 
V2 21 39 51.7 ~$7 OF 05 20.36 
V3 21 34 00.0 ~44 15 53 19.21 
vu n 24 10.9 -43 50 57 19.07 
V5 21 25 23.2 -42 45 37 19.80 
V6 21 29 56.0 ~42 42 10 18.53 
V7? 21 31 20.9 ~42 58 18 20.81 
V8 yal 40 12.3 “45 10 45 20.82 
V9 21 31 03.7 ~44 51 44 17.09 
Vio 2i 20 00.9 -43 47 5] 19.11 
Vii 2i 20 45.3 ~43 #23 §i 19.35 
Vi2 21l 30 04.2 ~43 07 45 20.37 
Vi3 2i 38 54.6 -43 41 31 20.69 
Vi4 2i 19 38.4 -43 28 22 17.39 
V15 21 37 26.2 ~47 10 16 15.48 
V16 2i 33 46.4 -43 21 36 20.49 
V17 21 23 54.6 -44 57 O00 21.07 
V18 21 30 16.1 -45 23 14 21.06 
Vi9 32i 41 31.6 ~$6 25 16 21.09 
V20 2I 23 45,5 -43 08 48 21.02 
v21 2l i8 39.4 ~46 34 47 20.01 
V22 21 23 37.9 ~43 30 45 20.79 
V23 2i 31 35.5 -46 56 25 20,77 
V24 21 36 §1.0 -46 04 20 20.58 
V25 21 29 38.2 -44 13 48 20.55 
V26 2l 36 26.6 ~44 46 58 20.75 
V27 2i 37 25.9 ~45 29 29 20.44 





* The r.m.s. variation of the measures from the eight plates. 


B min rm.s.* Amplitude Time scale Class + 
17.87 1.03 2.85 BL 
19.52 0.29 0.84 BC 
18.07 0.40 1.14 Qs 
17.72 0.51 1.35 BC 
18.30 0.50 1.50 BC 
16.47 0.80 2.06 Qs 
19.92 0.33 0.89 LPt _ 
20.09 0.26 0.73 LP a 
16.15 0,42 9.94 RR 
18.09 0.35 1.02 RR 
18.25 0.37 1.10 RR 
19.50 0.30 0.87 LP Qs 
20.10 0.21 0.59 LP mmm 
16.54 0.33 0.85 RR 
14.50 0.37 0.98 RR 
19.66 0.25 0.83 LP Qs 
20.55 0.19 0.52 _ 
20.47 0.20 0.59 — 
20,32 0.23 0.77 LP — 
20,49 0.17 0,53 LP _ 
19.14 0.33 0.87 RR 
20.26 0.18 0.53 LP OS 
20.24 0.18 0.53 LP QS 
20.05 0.21 0.53 LP BL 
19.98 0.19 0.57 LP BL 
20.21 0.18 0.54 — 
19.86 0.19 0,58 LP QS 


t LP indicates long-period variation implied by a systematic magnitude difference between the two early and six late epoch plates. 
t Preliminary classification from a 1.2-m objective prism Schmidt plate copy taken out 2 months after the main run of plates and from the form of the variability. RR, OS 
and BL indicate RR Lyrae star, quasar and BL Lac candidates, respectively, BC indicates blue continuum objects and a dash indicates that the spectrum is too faint to 


classify at all. 


used was as follows. Objects with an A-type spectrum on the 
objective prism plate and an amplitude >0.8 mag were classified 
as RR Lyraes. Objects which either showed clear emission lines 
or a long, broken spectrum were classified as quasars. Objects 
with a long and apparently featureless spectrum have several 
possible classifications on that basis alone, although the asso- 
ciated variability suggests they may be BL Lac objects and this is 
the provisional classification given. Of the spectra which were 
bright enough to be seen on the objective prism plate this 
scheme accounted for all but three objects, apparently similar 
and characterized by a flat continuum with a sharp cutoff in the 
blue. The identity of these objects is not clear. 


Figures 1 and 2 show Schmidt photographs of two of the 
objects detected, and indicate the full amplitude, together with 
the spectrum from the objective prism plate. Figure 3 shows the 
light curves of eight representative objects, isolated dots 
representing early and late epoch plates, and the joined points 
the main sequence of observations. The error bars show the 
mode of the r.m.s. variation described above, which gives a good 
indication of photometric error. The sample is considered to be 
essentially complete to an r.m.s. variation of 0.25 mag, as these 
highly variable objects are relatively easy to distinguish from 
spurious variables, For this complete part of the sample, the 
objective prism plate classifications from Table 1 give six RR 








Fig. 3 a, Light curves of the 
most variable objects in the 
sample. b, Light curves of four 
representative objects from 
the sample. JD = 224300. 
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Fig. 4 Finding charts for the other objects with light curves. 


Lyrae stars, three quasars, one BL Lac object, four objects with 
flat continua and a sharp cutoff, and two objects too faint to 
classify. Although the sample should be complete down to 
B=21, of the five non-RR Lyrae objects with amplitude 
>1 mag only V1 has Bmax > 20. Surprisingly, although the limi- 
ting magnitude may well be excluding objects of great vari- 
ability, there seems to be a real deficit of faint objects of more 
moderate amplitude. This cannot easily be explained by selec- 
tion effects, which would tend to work the other way, giving 
apparently greater scatter to faint objects. In addition, there is a 
tendency for the fainter objects to be long-period variables in 
the sense defined in Table 1 legend. 

The six RR Lyrae candidates form the most homogeneous 
class of objects detected. A cyclical pattern may be discerned in 


the main sequence of observations for most of these objects (see 
Fig. 36, third diagram). The faintest has a distance modulus of 
about 18.5, or 40 kpc, a surprisingly large value, and the ease 
with which these objects may be found should allow interesting 
studies of the galactic halo. Of the objects classified as quasars, 
the two brightest would fall into the category of OVV (optically 
violently variable), perhaps 1% of the quasars detectable on the 
objective prism plate. It is surprising that a larger number of 
faint violently variable quasars were not detected, as there 
seems to be no obvious significant observational selection effect 
against this. Confirmation of their classification and the analysis 
of a complete sample hopefully will clarify this point. 

There is some uncertainty about all the BL Lac classifications, 
as they were on the basis of variability and an apparently 
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featureless blue spectrum. VI is particularly interesting, being 
extremely variable but not a Parkes radio source, and seems to 
be a strong candidate for a radio-quiet BL Lac object, of which 
no examples have so far been found. Polarization measures and 
a slit spectrum should allow a definite classification. 

The last and perhaps most interesting class of object is 
characterized by a flat spectrum with a sharp cutoff. Tracing 
from the objective prism plate for different objects suggests that 
this cutoff does not occur at the same wavelength. The spectrum 
of V5 in Fig. 2 is a good exampie of the type, the break occurring 
at ~3,800 A, which does not correspond to any zero-redshifted 
stellar feature. It is tempting to classify these objects as variable 
stars, but they do not seem to fit any known category. They 
appear blue on a B and R plate pair taken 1 h apart, which might 
suggest that they are dwarf novae, although the light curves are 
not consistent with this. The classification of these very variable 
objects must await a slit spectrum and perhaps other obser- 
vations. Further analysis of the samples will be presented else- 
where. 

I thank the UK Schmidt telescope unit and the COSMOS 
group for their assistance. 
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Antiprotons in the cosmic radiation 
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Golden et al." have demonstrated that the measured ratio of the 
flux of antiprotons to protons (p/p ratio) is significantly greater 
than expected from the commonly adopted ‘leaky box’ model of 
cosmic ray propagation, a model in which the p’s are secondaries 
generated by the interaction of cosmic rays with the interstellar 
medium (ISM) in the Galaxy. At the energy at which measure- 
ments were made (kinetic energy=8 GeV), disturbing effects 
due to interplanetary modulation are negligible and there is now 
general agreement” ~~ that the excess is a factor of 3 at least (an 
earlier calculation’ of the expected p/p which gave a result near 
to observation has been shown to be incorrect"). Bogolomov’ 
found a similar but statistically less compelling enhancement at 
somewhat lower energies. A prominent characteristic of the p/p 
ratio for galactic secondaries is a rapid fall with decreasing 
energy, below=5 GeV, due to kinematic factors. It was there- 
fore remarkable that Buffington ef al.’ recently reported a ratio 
only a factor of 2.5 smaller at a very low kinetic energy 
(average=0.2 GeV). This result, if correct, necessitates serious 
consideration of more exotic explanations. An important fea- 
ture at these very low energies is the modulation of the flux by 
the interplanetary field and we have now examined this facet. 
We describe an improved calculation of the energy spectrum of 
p expected for the standard leaky box model and show that even 
the enhanced secondary p production in the ‘closed Galaxy’ 
model of Peters and Westergaard’ fails by a wide margin to 
reproduce the high observed flux at low energies. A more radical 
departure from conventional thinking is to regard the observed 
ps as primaries; a universal baryon-symmetric model and a black 
hole evaporation model are considered. __ 

To compare the observed and calculated results, allowance 
must be made for solar modulation. These effects can be neglec- 
ted above a few GeV, but are very important <1 GeV, parti- 
cularly near the period of solar maximum (which applies to 
Buffington’s point). Modulation in interplanetary space tends to 
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reduce the energy of cosmic rays entering the Solar System, the 
average adiabatic energy loss before reaching the region of the 
Earth being a few hundred MeV, depending on solar 
activity'”''. The effect is statistical, and the locally observed 
particles with a kinetic energy of ~200 MeV must have had a 
wide distribution of interstellar energies. This distribution has 
been calculated by Urch and Gleeson’' for solar maximum and 
minimum conditions for ‘normal’ interstellar spectra falling with 
increasing energy. If one neglects the partial exclusion of parti- 
cles from the inner Solar System by energy-conserving con- 
vection—diffusion effects (previously thought to be the only 
cause of modulation), a lower limit is obtained for the demodu- 
lated flux, that is, for the interstellar flux generically related to 
the locally observed one. 

Note that for the adiabatic energy loss process Liouville’s 
theorem is valid (at least in an average sense), and thus the 
density in phase space is the same before and after deceleration. 
In contrast, the differential flux is proportional to the product of 
p? and the phase space density, where p is the particle momen- 
tum. Using this relationship, the demodulated flux correspond- 
ing to Buffington’s measurement was calculated for three 
possible values of the mean energy loss (400, 600 and 
900 MeV). (Buffington et al.* used 600 MeV.) The highest value 
should apply only for peaked interstellar spectral shapes similar 
to those given in Fig. 1a,b. The dashed lines represent the effects 
of plausible deviations from Liouville’s theorem. 

Modulation theory is developing rapidly, and we refer here 
only to the recently discovered role of charge-dependent drift 
effects’, Positive and negative particles arrive through 
different regions of the heliosphere, those regions changing role 
at polarity reversals, Since 1971, it has been more difficult for 
negative particles to penetrate to the inner Solar System than for 
positive ones'”, thus resulting in a lower electron/proton (and 
presumably also p/p) ratio than was the case in the previous 
solar cycle. The demodulated P fluxes in Fig. 1 might therefore 
be even higher. 

Interestingly, the ratio of observation to expectation for the p 
flux (for model a or b) is essentially independent of the cor- 
rection factor applied for modulation. There is, however, a slight 
dependence of the shape of the interstellar p spectrum on the 
magnitude of the correction. 

Figure 1 shows the results of model calculations for secondary 
p production. The conventional explanation is in terms of 
production in the ISM; protons, a particles and more massive 
cosmic rays interact with protons and heavier nuclei in the ISM 
to produce a variety of secondary particles including p, p and n, fi 
pairs. In view of the importance of defining the conventional 
prediction, and because of previous discrepancies in predictions, 
we have made another independent estimate, which is indicated 
in Fig. 1a. The new calculations differ slightly from those given 
earlier’ in that a new parameterization of the cross-sections is 
adopted. 


d*o (1 ~xp)* 
dp? * (pi +1.04)** 


where xp =E;*/E;*(max) and the adopted parameters are 
A=3+2.1 logic Ep Np=1.26 for E,<4.8 GeV and 1.26+ 
1.4 logio (E,/48) for Ep > 4.8 GeV. 

The (important) spectrum of protons is as used previously” 


i(T) =2.0 x 10*T77-79(4.26T 0978 4+1) 'm 7s sr! GeV™ 


where T is the kinetic energy in GeV. 

We consider that the invariant cross-sections are unlikely to 
be in error by >15% in the important energy region but the 
cosmic-ray spectrum is still uncertain by perhaps 25% at low 
energies. Table 1 compares the most recent predictions of the 
p/p ratio at the important kinetic energies of 0.1 and 1.0 GeV 
derived recently**. Although there are differences between the 
derivations, which will be considered elsewhere, these are 
clearly small compared with the discrepancies with observation. 

Curve a in Fig. 1 shows that the standard leaky box model is 
not applicable to the experimental situation at all; there is 
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insufficient latitude in the calculations to allow agreement. 
Curve 6, which relates to the closed Galaxy model, gives 
agreement at 8 and 3 GeV but still shows a discrepancy at 
Buffington’s point of a factor of at least 10. Although this 
conclusion may be modified by future developments, we 
consider a major change unlikely. It should be stressed again 
that the ratio of the demodulated observed value to that cal- 
culated is practically independent of the value accepted for the 
adiabatic energy loss. Also, the recently observed low ë/p 
ratio’? (that is, depression of the intensity of negatively charged 
particles) suggests that the discrepancy may be larger. Con- 
straints are also introduced by the fact that the locale _ Spectrum 
in the 100-MeV region is already below expectation”. The 
strongest objection to the closed Galaxy model is based on its 
prediction of an excess of secondary positrons’ * of 4~9, the value 
depending on the details of the model, at 3 GeV. 


The p observations clearly favour a power-law type spectrum 


similar in shape to the p spectrum, but scaled down by a factor of 
~2 x 10°. Such spectra would naturally arise either as a result of 
acceleration from a nearly thermal p component, or from p 
emission by evaporating primordial black holes. 

It is apparent that the first possibility could not easily be 
realized in our Galaxy, because of the huge annihilation radia- 
tion levels involved. In a baryon-symmetric universe (BB 
model), however, matter and antimatter might be separated on 
the supercluster scale, and annihilation radiation would still be 
on an acceptable level, while cosmic rays leaking out of galaxies 
might find their way into galaxies of the opposite baryon charge. 
Such a scenario, considered by us previously’, has recently been 
described by Stecker'® and claimed to be compatible with the p 
observations. 


P intensity 


`^ | Interstellar 
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p intensity 
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Fig. 1 Secondary antiproton flux predictions. a, Leaky box 
model with A = 5 gcm? b closed Galaxy model. The displace- 
ment of the Buffington et ale point (marked B) is to allow for solar 
modulation. The points correspond to mean adiabatic energy 
losses of 400, 600 and 900 MeV. The horizontal error bars 
represent the energy intervals from which ~70% of the measured 
flux at Earth is expected. The highest value (900 MeV) would be 
unreasonably high for protons or for primary ps with a power-law 
spectral shape, but is quite possible for the peaked spectra of 
secondary ps. The dashed vertical bars represent plausible devia- 
tions from Liouville’s theorem. Bo denotes Bogomolov et al., 7G 
denotes Golden et al.'; EG(BB) denotes the prediction for 
extragalactic ps generated in antigalaxies in a baryon—antibaryon 
symmetric universe normalized at 9 GeV. If there is a significant 
galactic wind the f intensities will fall off with falling energy 
(<1 GeV). PBH denotes the prediction for the exploding pri- 
maeval black hole model (quark version) normalized as above. The 
remarks about the influence of a galactic wind made in the last 
paragraph apply here too if, as is likely, many of the BHs are in the 
galactic halo. 
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Table 1 Comparison of p production rates for A = 5 gcm 
by cosmic rays in the Galaxy 





Es l Lata i 
(GeV) Stephens? /ours Tan & Ng /ours 

0.2 L415 1.32 

1.0 L557 1.27 





This table indicates the extent to which different workers make 
differing predictions; the uncertainty in production rate is seen to be 
very much less than the discrepancy between observation and con- 
ventional expectation (curve a in Fig. 1). 

* This value falls to 0.94 when we take out what we believe is an error 
in Stephens’ analysis. 


In the absence of a clear indication of what extragalactic p flux 
might be expected on the BB model, we have normalized the 
prediction to observation. The normalization corresponds to the 
assumption that our Galaxy is underefficient by a factor of ~-20 
in producing cosmic rays, assuming equal densities of galaxies 
and antigalaxies with p= 10°? Mpc™* tthe ‘usual’ density of 
galaxies being ~2 x 10°? Mpc’). Such a factor is perhaps not 
too unexpected in view of the fact that the extragalactic y-ray 
flux above 100 MeV is about 25 times that expected from 
‘normal’ galaxies’’ in the absence of antigalaxies. 

However, an explanation in terms of the BB model has some 
drawbacks, aside from problems associated with separating 
matter and antimatter at early epochs. (1) The measured upper 
limit to the He/He ratio (2.2x107~° at the 95% confidence 
level)? is smaller than expected if He/p in B galaxies is the same 
as He/p in our Galaxy. Although one might suggest frag- 
mentation of He near the sources'*""*, by interactions with a high 
density of matter or radiation, the associated y flux (from ee 
production in nucleus-photon interactions) seems too high. 
Certainly, if interactions with gas are responsible, the ‘gram- 
mage’ of extragalactic particles (p, @...) would need to be 
~100 gcm? to attenuate & sufficiently and the isotropic y-ray 
flux would be too high by a factor of ~100/5 = 20 (the gram- 
mage in our own Galaxy is ~5 g cm”? and, as we have pointed 
out, the isotropic y-ray flux is already accounted for by inter- 
actions in the external galaxies). (2) Virtually straight line 
propagation is necessary in extragalactic space; a chaotic field 
even as low as 10° '* G would cause diffusive motion and prevent 
p from beyond the Virgo cluster arriving at the Earth. (3) The 
(likely) galactic wind would preclude entry into the Galaxy. 

The question of the magnetic field in extragalactic space 
remains open but it is unreasonable to expect a mean field 
«107'? G. If the energy densities of magnetic fields and kinetic 
energy of gas clouds approach equipartition, we might expect a 
mean field in clusters of ~10°°G (ref. 18); similarly, with a 
mean gas density in the Universe overall of = 107* atoms em 7, 
the corresponding field is ~10~*° G. In both cases, the velocities 
of galactic and extragalactic gas clouds are assumed to be 
similar. The source of the field would be either primordial or 
(and this is very likely) supernovae ejecta which escape from 
galaxies. We believe that there is probably a sufficiently large 
field within clusters to confine low-energy (GeV) particles to 
their parent clusters—and in turn to keep out particles from 
elsewhere. Thus, it is very difficult to accept the BB model 
despite its apparent success in giving the correct spectral shape. 

We consider two other models—both galactic-—to..be. 
contenders. The first is the galactic centre explosion mode ; 
which we have already considered i 
attempt to explain the p results at 8 GeV and other features” 
One might postulate an ad hoc model in which ps are denial 
as secondaries in an explosion then slowed down by adiabatic 
expansion, and in which a low He/He ratio is also generated, but 
this seems contrived, and—-because of the secondary nature of 
ps—would probably give too few ps at low energies. It seems 
easier to postulate an excess of fs in the explosion itself. For 
example, an exploding massive object might produce pp pairs, 
the p being augmented by more conventional sources in the 
Galaxy to give the observed p/p ratio. Although it cannot be 
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excluded, we are unaware of any quantitative predictions for a 
model of this type. 

The second galactic model involves evaporating primordial 
black holes (PBHs), first suggested by Hawking” and later 
elaborated by other workers (see, for example, refs 22~26). 
PBHs with original masses below ~5x10'*g have already 
evaporated (if created in the early Universe), but this low mass 
and high temperature part is repopulated in a quasi-equilibrium 
fashion as a result of mass loss of PBHs with original masses 
slightly above 5x10" g. This quasi-equilibrium range might 
give a sufficient contribution to the p flux in the Galaxy without 
infringing other observational limits. Note that the initial 
number spectrum of PBHs should fall sharply with increasing 
mass (following a power law with negative exponent of 2 to 3, 
depending on the equation of state of the early Universe)”. 
Thus, the contribution of larger masses to e* and y production 
should be negligible. 

The basic idea is that a PBH radiates like a black body of 
temperature 6 = hc’ /(8mGmk) = 10 m™' K. Following Carr’ 
and others, the time-integrated energy distribution of all the 
particles emitted by a black hole of initial mass m is N(E)= 
10°% E eV (for E>107? meV), and there is thus the 
possibility of explaining the observed p spectrum, in the rela- 
tivistic region, where the simple power law should be valid. 

We will now use published work to derive the expected p 
energy spectrum at the ‘low’ energies of particular relevance 
here (E = 1 GeV), the spectrum not having been given explicitly 
elsewhere, and derive the expected fluxes of electrons and y rays 
from PBH. Clearly the last mentioned should be at least not 
inconsistent with observation if the model is to be taken 
seriously. 

Carr”? has given the fraction of energy going into different 
‘particles’ (gravitons, photons, neutrinos, electrons and 
nucleon—anti-nucleon pairs) as a function of initial PBH mass. 
For example, in the important mass range 10'*° <m < 10" g, 
the fractions are, respectively <1%, 11%, 40%, 25% and 12% 
(the last value is now considered to be too high; S. W. Hawking, 
G. W. Gibbons and B. J. Carr, personal communication) but the 
following arguments are not seriously affected). Page” has given 
the average emission rate and power of particles as a function of 
their mass for different black hole masses and the two sets of 
data have been used to estimate the spectra for p, e* and y, The 
calculations have been made for both the bootstrap and ele- 
mentary particle (Ep) models, the latter giving rise to a spectrum 
with higher mean energy because with this model the PBH 
continues to a lower mass before evaporating catastrophically. 
The calculation is approximate insofar as we assume as spectral 
form for the antiprotons the expression N(E);= A(E+ Eo) >°, 
where E is the kinetic energy and Eo and A are constants 
determined by the method: E,=1.0GeV and A= 
5.4x 10%% GeV’ for the Ep model. 

Figure 1 shows this prediction, normalized as before at 
9 GeV. Again, as with the extragalactic BB model, the spectral 
shape is consistent with experiment. 

Normalization of the p flux leads to a specific prediction for 
the flux of electrons (e* +e ):N(E).=8.4 Em 7s” sr 
GeV", neglecting energy losses. This spectrum is unlikely to be 
affected by energy losses until above several GeV and can thus 
be compared with experiment. Such a comparison (see, for 
example, ref. 28) shows that at 1 GeV, where the measured 
intensities are not badly affected by solar modulation, the PBH 
prediction is below observation by a factor of 11; at higher 
energies the factor will be even bigger and there is no inconsis- 
tency. It is interesting—and perhaps important—that in the 
region of 100 MeV, where direct measurements of the electron 
spectrum are not available, the PBH intensity is higher by a 
factor of 3 than the intensity expected from an extrapolation of 
the measured spectrum (the extrapolation is supported by data 
on the electron—positron ratio’’). This factor helps considerably 
in explaining the well known result” that synchrotron and y-ray 
data need electron intensities in this energy region higher by a 
factor of 3-10. 
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Another point in favour of the PBH model is that the obser- 
ved e”/(e” +e ) ratio tends to 0.5 at energies <100 MeV, which 
is just where PBH electrons should predominate and will give 
this ratio. 

The predicted flux is small compared with observation, both 
for y-ray bursts and for the galactic (and extragalactic) 
continuum, so that y-ray flux from PBH is no problem. If the 
black holes are assumed to be confined to galaxies and their 
halos, the antiproton data reduce the upper limit to their density 
by a factor of 30 compared with the data on the extragalactic 
y-ray flux used previously to evaluate the limit. 

No He nuclei are expected from PBHs and thus the stringent 
observational limits of Buffington et a/.® are satisfied. 

Thus, none of the models considered is free of difficulties, but 
the exploding primaeval black hole model has attractive fea- 
tures; it would be useful to have more specific predictions of the 
expected spectra of antiprotons and electrons on this model. It is 
clearly essential to re-measure the p flux below 1 GeV with 
better statistics and with more refined equipment. After the 
polarity reversal of the interplanetary magnetic field, the p/p 
ratio might be enhanced, thus giving a check and leading to the 
possibility of making new definitive measurements in this exci- 
ting and potentially revolutionary area of cosmic ray research. 

We thank Professors S. W. Hawking and M. J. Rees and Drs 
G. W. Gibbons, B. J. Carr and G. Erdés for useful discussions 
and correspondence. 
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Solar activity and solar neutrino flux 


L. J. Lanzerotti & R. S. Raghavan 
Bell Laboratories, Murray Hill, New Jersey 07974, USA 


Among discussions of the implications of the Davis experiment’ 
to detect solar neutrinos, there have been several suggestions 
that manifestations of solar activity are related to the flux of the 
neutrinos™*. For example, it has been implied that (1) the 
physical processes in the deep interior of the Sun are related to, 
or even produce, the solar activity (exemplified by solar flares 
and sunspots) observed in the photosphere’’*; or that (2) some 
of the observed neutrinos are produced in nuclear reaction 
processes caused by energetic particles in solar flares and solar 
active regions’. These suggestions have been speculative 
because the available solar neutrino data covered only a fraction 
of a solar cycle. We now re-examine the proposals using data 
over a significantly longer time base and find no evidence for 
either of these possibilities. 


© 1981 Macmillan Journals Ltd 


Nature Vol. 293 10 September 1981 


We have investigated the temporal relationships between the 
detected neutrino fluxes and solar activity over the decade 
1970-79. We have taken as representative of the solar activity 
the monthly mean Zurich sunspot numbers“ and a monthly solar 
flare activity index based on the total area of solar active areas” 
All solar indices of this type are based on the visible hemisphere 
of the Sun. Monthly values take into account a complete solar 
rotation, although a large flare on the invisible disk that might 
contribute to hypothesis (2) could be missed. The active area 
index was specifically used because it was speculated that if this 
hypothesis held, then the total area of the energetic solar activity 
might provide.a better measure of surface solar processes than 
the more indirect resultant, geomagnetic activity’. Sunspot 
number was chosen as representative of solar activity because of 
its availability and wide usage and because it has been sugges- 
ted* that, for the period 1970-75, there was a relationship 
between sunspot number and neutrinos. 

The decade of data analysed here encompasses approximately 
one complete solar cycle: beginning with the declining phase of 
the twentieth cycle it passes through solar minimum and comes 
to the growing phase of the present, twenty-first cycle. Figure 1b 
shows as a function of time from 1970 to 1979, the neutrino 
fluxes expressed in terms of *’Ar atom production from the *’Cl 
in the Davis.detector. The solid horizontal lines indicate the 
most probable values as well as the time intervals over which 
each datum was acquired. The vertical lines indicate the 
uncertainty in the measurements. The numbers can be related to 
solar neutrino units (1 SNU = 10°*° neutrino captures per target 
particle per s) by subtracting a muon background (0.08 atoms 
per day) and multiplying by 5. 31. It is evident that there is a wide 
range of variability in the *’Ar production during this 10-yr 
period about a mean of ~0.5 atoms per day. Particularly 
noticeable is a minimum in fluxes during 1976, increasing to 
higher values in 1977, and tending to decrease overall after that 
time. 

The Zurich sunspot numbers and the solar active area values 
are shown in Fig. la, c. The solar active area and sunspot 
number indexes show a similar behaviour during this 10-year 
period. 

The three time series show that there is no overall relationship 
between the solar activity and the neutrino flux. The neutrino 
flux does not follow in general the decrease of solar activity in 
cycle 20 nor does.the flux follow the sharp increase in activity 
with the onset of cycle 21. Such a relationship, originally 
suggested by Sheldon’, was shown not to hold in the declining 
phase of cycle 20 (ref. 4). Indeed, for the beginning of cycle 21, 
except for two data points, the overall trend of the neutrino flux 
since mid-1977 has been a decrease, opposite to the sharp 
increase in solar activity, 

Thus, from the data examined, the neutrino flux does not 
result from solar activity processes on the surface of the Sun. If 
the neutrinos result from nuclear processes deep in the interior 
of the Sun, the results would also suggest that the approximately 
il-yr solar activity cycle is not closely related to a nuclear 
burning cycle. 

Much interest has centred recently on using solar oscillations 
as a method of ‘solar seismology’ to study the interior of the 
Sun’. Oscillations of 5-min period are definitely established*”’; 
oscillations of ~160 min period, which would probe deeper into 
the Sun, are less well established", Discussions abound of 
possible ‘quasi-biennial’ variations in solar activity '* which may 
appear as effects on Earth as quasi-biennial variations in such 
parameters as geomagnetic activity’? and temperature’® 
However, the quasi-biennial variation in temperature has been 
shown to be very nonstationary and dependent on location” for 
eastern US and British sites. Sakurai* showed that the sunspots 
in the declining phase of solar cycle 20 exhibited a quasi-biennial 
variation for nearly two cycles between 1970 and 1975; the 
neutrino flux seems to exhibit a similar periodicity during this 
interval, with perhaps a 4-month lag’. 

The solar activity indexes between 1976 and 1979 do not 
show evidence for a continuation of a quasi-biennial variation. 
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This would suggest that such an oscillation, if real, is not 
stationary; its possible relationship to interior solar processes is 
unclear. 

The neutrino fluxes in the increasing phase of the twenty-first 
solar cycle do not exhibit any relationship to the solar indexes. 
The fluxes also do not exhibit any quasi-periodicity that might be 
attributable to interior solar processes during this interval. 

We therefore find no significant relationship between solar 
activity and the neutrino flux on either a long-term (solar cycle). 
basis or for shorter terms (for example, 2 yr). This suggests that 
the internal nuclear mechanisms in the Sun are not. clearly 
related to solar taal as —— adh the EAN EE discu 5 d 
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different than the internal nuclear sources. Our finding also 
suggests that the production of solar neutrinos by energetic 
particles involved in solar activity is not a significant contributor 
to the neutrino flux measurements now in progress. 

We thank Mary Y. Lanzerotti for help in data reduction, and 
Ray Davis and Bruce Cleveland for their solar neutrino data. 
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Solar flare irradiation 
records in Antarctic meteorites 


J. N. Goswami 
Physical Research Laboratory, Ahmedabad 380009, India 


Petrographical studies'” indicate that most meteorites collected 
from the Antarctic ice sheets are L and H chondrites of different 
metamorphic groups. Achondrites and iron meteorites 
constitute <5% of the total collection of about 1,600. Radio- 
nuclide*~’, specifically “Mn, studies have suggested a multiple 
exposure history for some of the meteorites involving shielded 
exposure to cosmic rays either in large asteroidal-size parent 
bodies, from which the meteorites were ejected, or in relatively 
smaller-size objects that broke up in space in recent times’. 
Relatively fewer Antarctic meteorites have been studied for 
their noble gas content'™™ and records of cosmic ray heavy 
nuclei tracks (ref. 14 and N. Bhandari, unpublished results); 
there has been no evidence of solar flare tracks and solar wind 
noble gases in the analysed samples. I now report the first 
observation of solar flare heavy nuclei tracks in Antarctic 
meteorite samples. Two interior specimens of sample 77216, an 
L-3 chondrite, contain track-rich grains indicating their 
exposure to solar flare irradiation before compaction of this 
meteorite. Preliminary noble gas data also indicate the presence 
of solar-type gases. Results of nuclear track studies of other 
Antarctic meteorite samples are presented. 

Solar flare tracks and solar wind noble gases are expected to 
be seen in certain meteorite types, the gas-rich meteorites, due 
to the precompaction exposure of individual components of 
these meteorites to solar flare and solar wind irradiation. 
Identification of such meteorites is important because: (1) they 
allow study of solar flare activity during different epochs in the 
past’’'®; and (2) analyses of their solar wind and solar flare 
irradiation records help to elucidate the regolith dynamic pro- 
cesses operating in the meteorite parent bodies and the evolu- 
tion of small objects in the early Solar System®- 

The fraction of gas-rich meteorites among the different 
meteorite types varies widely*'. Of the non-Antarctic L- and 
H-group chondrites analysed for their noble gas contents, ~3% 
and 15% respectively have been found to be gas rich. A syste- 
matic study was therefore initiated to look for Antarctic 
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meteorites having precompaction solar flare irradiation records, 
using conventional nuclear track techniques****. Eight L and H 
chondrites of low metamorphic grades were initially analysed. 
The sample details and the results of the track studies are 
summarized in Table 1. Most of the results are based on analysis 
of olivine grains, the major mineral species in the selected 
samples. Pyroxene grains were also analysed in two cases. 

Two interior specimens of sample 77216, an L-3 chondrite, 
contain a few per cent of olivine grains with track densities much 
higher than the average background track density measured in 
the rest of the analysed grains. None of the 16 pyroxene grains 
analysed had been irradiated. Examples of track-rich grains are 
shown in Fig. 1, and the frequency distribution of track density 
for a set of representative grains from the sub-samples of 77216 
is shown in Fig. 2. The average background densities of ~2 x 
10° cm” and ~4 x 10° cm” in the two specimens (77216, 18, 
and 77216, 24) probably relate to the difference in their shield- 
ing depths within the original meteorite. The track densities in 
the irradiated grains range from 1.510’ cm™? to 210% cm™, 
and include grains both with and without a track gradient, 
indicating their precompaction solar flare irradiation in different 
shielding conditions. The percentage of track-rich olivine grains 
varies between the two specimens, probably reflecting an 
inherent spatial variation in the abundance of track-rich grains 
in the meteorite itself, as is the case with many other non- 
Antarctic gas-rich meteorites”. 

Aliquots of the samples used for nuclear track studies were 
prepared for noble gas and radionuclide measurements. Preli- 
minary data of mass-spectrometric analysis of sample 77216, 18 
(C. M. Nautiyal and T. R. Venkatesan, personal com- 
munication) show a large excess of noble gases, with a ° Ne/?°Ne 
ratio of =10, clearly indicating the presence of solar-type noble 
gas. Stepwise heating mass-spectrometric analysis of different 
size fractions is being carried out, and I also intend to investigate 
whether precompaction solar flare irradiation records are 
present in the Antarctic meteorite samples 77215, 77217 and 
77252 which are suspected, on the basis of petrographical data 
as well as their positions in the Antarctic ice sheet at the time of 
recovery, to belong to the same fall as 77216. 

Only five non-Antarctic L-group chondrites, which constitute 
about 2.5% of the L-group meteorites analysed for their noble 
gas contents, contain solar-type noble gases. The Antarctic 
meteorite sample 77216 thus constitutes a significant addition to 
the gas-rich meteorites of this group. Furthermore, detailed 
study of the Antarctic L and H chondrites should show whether 
the large excess of gas-rich H over gas-rich L chondrites found 
among non-Antarctic meteorites is also true of the Antarctic 
meteorites. An affirmative result will indicate significant 


Table 1 Nuclear track data for Antarctic meteorites 


Average Cosmic- 
track Shielding ray 

Meteorite density depth exposure 
Sample no. type {em “) (cm) age (Myr) 
77003, 36 H-3 3.8x10° 4+0.2 g* 
77015, 3 L-3 ~104 22+1 3.54 
77216, 18 ao 
17216, 24 L-3 10 -104 = i 
77230, 21 L-4 2.5x10° Te žo 
77260, 13 L-3 14x10" 9+0.4 1.9+ 
77262, 12 L-4 §x10° ee 
77304, 18 LL-3 2x 10° sibs sai 


Shielding depth was calculated following the procedure of Bhat- 
tacharya et al.*”. The errors in track density measurements only are 
considered in these estimates. 

* Based .on Mn data’. 
414 d.p.m. kg`' (Fe+1/3 Ni). 

t Based on preliminary 'Ne data (N. Takaoka, personal com- 
munication). Production rate of 7'Ne used = 0.31 x10" cm? STP g ` 
(7 Ne/7 Ne =1,11)°. 

t These two samples contain traek-rich grains. 


Production rate of *°Mn used= 


Nt aa 
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Fig. 1 Optical and scanning electron photomicrographs of track-rich olivine grains, with and without a track gradieat, in Antarctic meteorite 
77216 (a, b). The tracks are produced by the iron group of nuclei in solar cosmic rays. A few long tracks due to the trans-iron group of nuclei 


can be seen in the optical photomicrograph (a). A grain having normal background track density of a few times 10° cm™ 


is shown in c. 


Scale bar, 10 um., 


differences in the evolution and irradiation history of the parent 
material of these two types of chondrite. 

The measured track densities in the other Antarctic 
meteorites analysed in the present work range from 10° cm”? to 
4x10°cm™*. These values are within the range observed in 
non-Antarctic L-group meteorites. Evaluation of the track data 
in terms of the shielding depth of the analysed samples in the 
original (pre-atmospheric) meteorites and their masses requires 
a knowledge of the cosmic-ray exposure ages of these 
meteorites. Exposure age data, based on **Mn and *'Ne 
measurements, are available only for samples 77003, 77015 and 
77260. The shielding depths of these three samples, based on 
the track and exposure age data, are given in Table 1. The errors 
in the shielding depth estimate are <10% and result from the 
combined effect of errors in track density measurements, and 
errors in the deduced exposure ages due to the use of approxi- 
mate shielding correction factors in obtaining production rates 
of Mn and 7'Ne. In the case of 77003, where the sub-sample 
77003, 36 analysed for nuclear track records represents a 
near-crust sample, a lower limit to the pre-atmospheric mass of 
8.0 kg is obtained. This estimation is based on an exposure age 
of 8 Myr for the meteorite, and the following assumptions: (1) 
the single recovered fragment weighing 0.78 kg represents the 
post-atmospheric mass of this meteorite, and (2) the ablation is 
symmetric. Weakly bound lower limits of 220 kg and 30 kg are 
estimated for the pre-atmospheric masses of the meteorites 
77015 and 77260 respectively, based on the data on recovered 


Track - rich 
grains 


dN/dlinP) 





P (cm?) 


Fig. 2 Track density frequency distribution for olivine and 

pyroxene grains from two specimens of the Antarctic meteorite 

77216. The distribution is normalized to 100 grains. P, Number of 
tracks. ©, Sample 77216, 18; Æ, Sample 77216, 24. N = 122. 


masses of these meteorites’, and the shielding depth estimates 
given in Table 1. The track data for these two samples do not 
rule out the possibility of these two samples belonging to the 
same fall as suggested recently® by their similar radionuclide 
concentrations. If both samples were originally parts of the same 
object, one would expect a slightly higher **Mn concentration in 
the sample having higher shielding, which indeed is the case. 
An important characteristic of the Antarctic meteorites, such 
as the H-3 chondrite 77003, is their long terrestrial residence 
times, generally in excess of 10* yr, as revealed by the “C 
activities measured in these meteorites’. Thus they are distinctly 
different from the non-Antarctic meteorites, most of which are 
recent falls over the past 200 yr. It is therefore important to 
check whether the irradiation and evolutionary history of these 
two classes of meteorite show similar trends. The gas-rich 
meteorites of different types are ideal probes for such an 
investigation, and identification of additional gas-rich Antarctic 
meteorites belonging to different types is extremely important. 
I thank C. M. Nautiyal, M. N. Rao and T. R. Venkatesan for 
providing the preliminary noble gas data and N. Sinha for 
technical assistance. Part of this work was carried out under 
NASA grant NSG-7121 to the Scripps Institute of Oceano- 
graphy, La Jolla, USA. 
Note added in proof: A recent study of noble gas contents in 
Antarctic H-chondrites revealed the presence of solar-type rare 
gases in the sample 75028 (N. Takaoka, personal com- 
munication). 
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The cooling rates of meteorites provide important clues to the 
sizes of their bodies. The cooling rates of chrondritic meteorites 
have been determined by measuring the concentration of nickel 
in the interiors of taenite grains of various sizes and by compar- 
ing these data with computer models for the Ni distribution as a 
function of cooling rate’. It has been recently suggested” that in 
some meteorites the measured Ni gradients in taenite are not 
entirely produced by solid-state diffusion but partly reflect Ni 
gradients produced during solidification coring. If this is correct, 
Wood's cooling rate method’ would be invalidated for these 
meteorites. We have investigated the effect of zoning produced 
during solidification on the formulation of the Wood model, and 
report here that solidification zoning is erased during kamacite 
growth and has no influence on the resultant taenite Ni gradients 
for all cases in which the cooling rate is sufficiently slow 
(<1,000K Myr") to allow Ni to diffuse to the taenite grain 
centre. 

A metallographic study by Bevan and Axon’ of the Tieschitz 
H3 chondrite revealed the presence of polycrystalline taenite in 
metallic spherules or chondrules, which they attributed to rapid 
solidification. They proposed? that the metal grains were 
compositionally zoned by rapid non-equilibrium solidification 
and that these gradients were retained by rapid cooling down to 
~ 970K. During slow cooling below ~970K, kamacite growth 


Nickel (wt %) 





Taenite radius (um) 


Fig. 1 Comparison of the cooling rate curves computed here (—) 

with those calculated by Wood! (- --). Both sets of curves assume 

a uniform starting Ni content of 10 wt%. Our new curves yield 
cooling rates faster by a factor of 2. 
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Fig. 2 Fe-Ni spheres (M) in an FeS matrix (S) formed by rapid 

cooling from a melt. The bulk composition of the melt was 9 wt% 

Ni, 8 wt% S, The average Ni composition of the spheres was 
11.2%. Lightly etched with 2% nital. Scale bar, 10 um. 


occurred and the Ni zoning produced at high temperatures was 
enhanced. Because the cooling rates determined by Wood’ 
assume that metal grains have been homogenized above 970K, 
Bevan and Axon’ claim that the existence of prior zoning means 
that Wood’s cooling rates understimate the true cooling rate of 
the meteorite. They claim that the cooling rate for Tieschitz may 
be three orders of magnitude faster than Wood’s value of 
1K Myr ' (ref. 1). Furthermore, Hutchinson er al.’ have argued 
that the presence of polycrystalline taenite in other more equil- 
ibrated H chondrites invalidates the application of the Wood 
technique in these cases and throws considerable doubt on its 
application to chondrites in general. 

Scott and Rajan* suggest that the polycrystallinity of the 
taenite may be induced by hot working or that it may result from 
the accretion of small metal grains which failed to coarsen. They 
claim that even if the grains are initially zoned, cooling times 
necessary to produce kamacite particles of the dimensions found 
in the chondrites or to allow volume diffusion to alter gradients 
are sufficient to erase effectively the zoning produced during 
solidification. If this argument is correct, then the Wood cooling 
rate technique can still be applied. 

To resolve this controversy, we have recently written a 
computer program’ which is similar to that of Moren and 
Goldstein® in that it uses the Crank—Nicholson finite difference 
approximation to the diffusion equation and the Murray—Landis 
variable grid transformation for the interface movement. The 
major changes are that we use spherical rather than planar 
geometry and the Fe—Ni phase diagram of Romig and Gold- 
stein’. Kamacite was assumed to form on the outer edge of a 
taenite sphere of uniform initial composition. The 
kamacite/taenite interface then moved radially inwards during 
cooling while the total metallic sphere diameter remained 
constant. This model produces cooling rate curves almost iden- 
tical to those of Wood’s model, in which kamacite and taenite 
particles exist as individual particles, either contiguous or 
separated by silicates, and Ni gradients in taenite are calculated 
as the taenite particle decreases in size. The cooling rate was 
assumed to decrease exponentially and the values quoted here 
are those at 773 K. Our results for particles with an initial 
uniform Ni composition of 10 wt% are shown in Fig. 1, with the 
curves of Wood’. Our curves are shifted towards higher Ni 
values and yield faster cooling rates by a factor of 2. Cooling rate 
curfes for metal contents of 20 and 30 wt% are almost identical 
to those of 10 wt% Ni (ref. 5). Deviations occur when the Ni 
concentrations of the taenite approach that of the starting 
composition. 

The initial conditions for the calculations were altered to 
incorporate a concentration gradient produced by solidification. 
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Fig. 3 Electron microprobe analysis across one of the spheres in 

the sample shown in Fig, 2. A smooth curve, labelled best fit, was 

drawn through the data and used as one of the starting conditions in 

the cooling rate calculations. Also shown is the Rayleigh equation 

for fractional crystallization and the Ni distribution that it predicts 

using values of 11.2% for Co, the bulk concentration, and 0.87 for 
k, the distribution coefficient. 
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Fig. 4 Starting, intermediate and final Ni profiles showing the 

gradient development for three different starting conditions. Due 

to the build-up of Ni at the taenite rim, the solidification profile and 

measured profile cases have suppressed nucleation temperatures. 

However, by 870K, all three starting conditions yield a similar, 
almost flat gradient. 











The Rayleigh equation” was used to calculate a ker 
solidification gradient and is the most extreme gradient that can 
be produced in this way. In addition, an Fe-Ni-S melit was 
prepared and quenched, producing a structure (Fig. 2) resem- 
bling that shown in Fig. 2c of Bevan and Axon’. The grain sizes 
seen in our melt and those found in Tieschitz are consistent with 
their being produced by solidification with a cooling rate of 
~50Ks'. A gradient produced during solidification was 
measured using the electron microprobe (Fig. 3); and it was also 
used as a starting profile in the computer model. The differences 
between this gradient and that of Rayleigh reflect the influence 
of diffusion after solidification and the inability of the micro- 
probe to record steep gradients. 

Cooling rate curves for 10% Ni computed using both a 
uniform initial taenite composition and a solidification zoned 
taenite are identical for 1, 10 and 100K Myr. Only at 
1,000K Myr”! does a deviation occur. Prior zoning depresses 
the 1,000K Myr™' curve, for grains of radii > 20 pm, towards 
the starting Ni concentration of the grain centre (8.7%). 
Contrary to the claim of Bevan and Axon’, this has the effect of 
overestimating the cooling rates for chondrites in which a 
gradient has been established previously. Figure 4 illustrates the 
development of the Ni gradient for three starting conditions for 
an 18-um diameter grain cooling at 10K Myr’. When the 
temperature reaches 870K, the three profiles become virtually 
identical. Similar sets of profiles were generated for the faster 
cooling rates, with similar results: by 870K, the profiles become 
indistinguishable. The major difference between the growth 
sequences occurs between 980 and 900K. As a result of the 
increase in Ni concentration at the grain boundaries during 
solidification, kamacite nucleation is suppressed by 50 to 70K. 

Our calculations show that the gradients formed during 
solidification will be leveled during cooling for cooling rates less 
than 1,000K Myr” and for particle radii < 100 jm. For cooling 
rates greater than 1,000 K Myr‘, the portion of the curves for 
radii greater than 20 pm will be depressed, so that cooling rates 
determined using the standard Wood curves will be over- 
estimated. 

We thank Ed Scott and Alex Bevan for their helpful reviews. 
This work was supported by NASA grant NGR 39-007-043. 
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There have recently been many investigations using atmos- 
pheric mercury deposition as an indicator of the impact of | 
industrial development, especially in the Northern Hemisphere. _ 
Thus, mosses have been used as indicators of airborne mercury 
pollution’, both wet and dry deposition have been analysed for 








mercury’, and mercury concentrations in O/O dated ice — 


core samples from the Greenland Ice Sheet have been deter- 
mined". Heavy metal investigations of this kind from both 
Antarctica and Greenland are reviewed in ref. 6. I present here 
mercury fluxes calculated from measured concentrations in 
719Pb-dated peat bog samples. The peat cores were taken from 
two widely separated ombrotrophic peat bogs in Denmark to 
elucidate the recent development | in the atmospheric mercury 
deposition rate around the i ‘ialized areas of Europe. 
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Fig. 1 Locations of peat bogs. 


An ombrotrophic bog is an excellent source for such a study 
because the plants are dependent on the atmosphere for their 
nutrients and have evolved so that such inputs, including fall-out 
of heavy metals, are retained. There is clear evidence”? that 
mercury is strongly retained by the humic substances of the peat 
even at the low pH of 3-4 characteristic of peat water which 
prevents the formation and escape of the water insoluble and 
volatile dimethylmercury. Beier and Jernelov® have demon- 
strated that no dimethylmercury was formed in organic sedi- 
ments with pH below 5. Furthermore, the sampled bogs contain 
areas where the peat has accumulated uninterrupted over 
hundreds of years. 

The two bogs, Store Vildmose and Draved Kongsmose”'’, 
are situated in the northern and southern Jutland respectively 
(Fig. 1). Cores from the bogs were sampled by the Geological 
Survey of Denmark in the autumns of 1978 and 1979. These 
cores were frozen and then cut into slices 5-10 mm thick. 
Subsamples for dating were subsequently freeze-dried and 
subsamples for mercury determinations were kept frozen until 
analysis. The sampling procedure is described elsewhere’”. 

*!Pb dating of the cores was performed by the Danish Isotope 
Centre according to the method described in ref. 11. The dating 
of the core from Draved Kongsmose was validated by '*C dating 
and by comparison with measurements of the growth rates of the 
sphagnum mosses from whose remains the peat is formed''. Age 
versus depth curves are given in Fig. 2; standard deviations 
based on counting statistics are indicated. 

Mercury was determined by flameless atomic absorption 
spectrometry. Some values were confirmed by neutron activa- 
tion analysis and the method was validated by analysis of NBS 
standard reference material no. 1575, Pine Needle. The results, 
shown in Table 1, agree closely with those of Rühling and Tyler’, 
who found mercury contents in mosses from the Scandinavian 
Peninsula to be in the range 100-400 ng per g dry matter. 

The mercury deposition rate for each subsample in the two 
cores has been calculated from the mercury concentration, the 
bulk density and the time of formation evaluated from the age 
versus depth curves. Curves of deposition rates versus age in 
Fig. 3 show the same general trends with considerable match 
in the detail. Minor discrepancies between the time scales can 
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Table 1 Variation of mercury concentrations with depth in ombro- 
trophic bogs Draved Kongsmose and Store Vildmose 





Depth below surface Mercury concentration 


(cm) (ng per g) (dry matter) 

Draved Store Draved Store 

Kongsmose Vildmose Kongsmose Vildmose 
0-1 0-1.3 243 314 
1-2 1.3-2.4 77 331 
2-3 2.4-3.2 111 259 
3-4 3.2-4.8 134 287 
4-5 4.8-6.5 160 360 
5-6 6.5-7.5 176 382 
6-7 7.5-9.0 189 243 
7-8 9.0-9.9 202 228 
8-9 9.9-11.1 217 262 
9-10 11.1-12.0 201 243 
19-11 12.0-13.0 107 166 
11-12 13.0-14.2 189 210 
12-13 14.2-15.6 147 236 
13-14 15.6-16.9 402 151 
14-15 16.9-18.4 230 268 
15-16 18.4-19.6 151 741 
16-17 19.6-20.8 156 127 
17-18 20.8-22.2 387 138 
18-19 22.2-23.8 67 128 
19-19.6 23.8-25.4 74 150 
19.6-20.5 25.4-27.2 190 137 
20.5-21.5 27.2-28.8 258 227 
21.5-22.5 28.8-29.6 380 523 
22.5-23.3 — 151 — 





probably be explained by the standard deviations of age indi- 
cated in Fig. 2. 

It has been possible to validate some of the recent deposition 
rates from Draved Kongsmose by comparing them with results 
obtained by analysis of precipitation. Unfortunately this has not 
been possible for Store Vildmose as the subsamples cover too 
wide a span of years. Table 2 shows that the deposition rates 
obtained for 1976-77 agree very well with estimates based on 
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Fig. 2 Age versus depth for the ombrotrophic bogs Draved 
Kongsmose and Store Vildmose. 
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Fig. 3 a, Atmospheric deposition rates of mercury in Draved 

Kongsmose and Store Vildmose. @, Dust observed in Scandinavia. 

b, Development of consumption of mercury in the European 
Community countries. 


analysis of precipitation collected monthly at Zealand (see Fig. 
1) over the same period. This precipitation was analysed by 
low-level neutron activation analysis according to the method 
described by Jensen and Carlsen’*. Between 1974 and 1976 the 
rates of mercury deposition to the peat at Draved Kongsmose 
were similar to that recorded in rainwater collected in Scotland 
during 1975 (ref. 13). 

Based on the mercury concentration data of Appelquist et al.” 
and an average ice accumulation rate of 259mmyr™' (C. 
Hammer, personal communication) the mercury accumulation 
rate at site Crete at the Greenland Ice Sheet can be calculated to 
be 3 ugm yr! for the periods 1772-74 and 1957-69, and 
1 pgm? yr ' forthe period 1775-86. Thus the peat bog records 
show levels between one and two orders of magnitude higher. 

The large fluctuations in deposition rates observed in both 
cores might be an artefact resulting from variations in growth 
dynamics or differences in metal binding capacity of the peat 
layers. However, Aaby et al.'° analysed the Draved Kongsmose 
core for lead and found no such evidence. The two curves in Fig. 
3, therefore, are considered to reflect the variations in the 
atmospheric mercury deposition rate during the past 200 years. 

Both cores show a long-term increase in the rate since 1800~ 
50. The Store Vildmose core, which is the northern one, seems 
to exhibit generally higher rates. Superimposed on the long- 
term trend several periods show elevated levels. Especially 
noticeable are peaks approximately during the periods 1760- 





Table 2 Peat bog deposition rates of mercury compared with rates 
derived from analysis of precipitation 


Mean 
mercury 
deposition 
rate 
Location Period (ugm yr) Ref. 
Zealand, Denmark October, 1976- 
September 1977 $4 q* 
Copenhagen, Denmark October 1976- 
September 1977 65 4* 
Draved Kongsmose 1976-77 53 This work 
Draved Kongsmose 1974-76 at This work 
Firth of Forth. Scotland 1975 a7 Is 





* Based on concentration in precipitation and amount of rainfall. 





90, 1860-90, 1910-30, 1960-70 and 1973—78, Possible reasons — 
for a long-term increase of this nature include increased circula- 
tion rate through natural changes, such as temperature ele- 
vation, increased precipitation and increased geothermal or 
volcanic activity. However, in Denmark the 30-yr average 
temperature has only increased by ~1°C (13%) and the 
since the middle of the nineteenth century'*. These changes are 
considered insufficient to cause an increase in mercury circula- 
tion rate of the magnitude shown in Fig. 3a. Neither is there 
evidence of continually increasing geothermal or volcanic 
activity during this period’®. Thus the long-term increase is 
probably caused by the increased activity of man, directly or 
indirectly. 

The development of the consumption of mercury in the EEC 
countries '® is shown in Fig. 3b, as an indicator of human activity. 
The slope of this curve corresponds fairly weil with the general 
trend in Fig. 3a. Reasons for the increasing mercury flux might 
be increasing mercury emissions from industrial use of mercury, 
burning of fuel, heating of ceramic materials, or increasing 
mercury degassing rate from agricultural soils. The latter may 
result from the general increase in agricultural area and/or 
intensified treatment and fertilization of soil. In fact the area 
carrying grains, beets and potatoes in Denmark has increased by 
a factor of 2-3 since 1860'’. Furthermore, the increased use of 
lime to raise the pH of agricultural soil over the period being 
considered might have resulted in an enhanced formation of the 
volatile dimethylmercury in the soil. 

From the global mass balance determined by Lantzy and 
MacKenzie'’, an average atmospheric deposition rate of 90 pg 
m`? yr`' can be evaluated and attributed to degassing (42%), 
burning of fossil fuels (32%) and industrial sources (26%). 
However, whether this is valid for the localities of the actual peat 
bogs is uncertain. 

With respect to the episodic short periods of elevated flux, the 
anthropogenic sources cannot be excluded for the periods 1960- 
70 and 1973-78 as there is some correlation with the patterns of 
mercury consumption in both EEC countries’? and Denmark”. 
This seems a very unlikely cause of the 1760-90 and 1860-90 
maxima although no reliable quantitative data on consumption 
are available for these periods. However, volcanic eruptions 
have been considered to be sources of atmospheric mercury”. 
As cyclones from Icelandic area often pass over the Scan- 
dinavian countries years of volcanic activity in Iceland are 
marked on Fig. 3a'***. Periods with increased frequency of 
volcanic activity show generally increased levels of atmospheric 
mercury deposition. Three years in particular, should be noted 
because dust from eruptions was observed in Scandinavia'* from 
the Laki eruption in 1783-84, the Askja eruption in 1875 and 
the Hekla eruption in 1947. The dust clouds from these erup- 
tions are recorded to have passed Denmark to the north, which 
might explain why the Store Vildmose core shows the highest 
deposition rates. However, there might be some correlation 
between periods of low barometric pressure and the volcanic 
eruptions as suggested by Lamb**. A decrease in barometric 
pressure would also increase the degassing rate of mercury from 
the soil surface thereby increasing the amount washed out by 
rainfall. 

It can be concluded, therefore, that the atmospheric mercury 
deposition rate in Denmark has shown a general increase over 
the past 100-200 yr, probably due to human activities, while 
periodically elevated rates might be caused by volcanic activity 
in Iceland or associated climatic events. 

I thank Bent Aaby, O. S. Jacobsen and J. Jacobsen of the 
Geological Survey of Denmark, who delivered the peat cores. 
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We report here the results of new micropalaeontological studies 
of sediments collected from beneath the Ross Ice Shelf at RISP 
site J9 (82°22'S, 168°38'W). RISP sediments hold the key to 
understanding the history of the West Antarctic Ice Sheet, 
dynamics of marine-based ice sheets, sedimentation processes 
that operate beneath ice shelves and perhaps the early glacial 
history of Antarctica. RISP sediments were formerly assigned 
an age of late middle Miocene on the basis of their diatom flora. 
Our diatom analyses do not support this age assignment: dia- 
toms in RISP cores are of mixed ages ranging from Miocene to 
late Quaternary, thus indicating that the sediments record a 
history of reworking, the most recent of which could have 
occurred no earlier than late Pleistocene. These results support 
our previous work with Ross Sea sediments but throw 
considerable doubt on a recent hypothesis concerning Miocene 
palaeogeographical evolution of the Ross Sea region. 

Previous studies of Ross Sea cores conducted in our labora- 
tory defined two sedimentary units separated by a transition 
zone of well sorted sandy material’*. The upper unit, called 
unit A, consisted of soft-to-soupy, diatom-rich, silty mud of 
Holocene age. Five radiocarbon dates supported this age 
assignment. The lower unit (unit B) was a compact, till-like 
sediment that contained a reworked diatom flora of mostly 
heavily silicified species that had undergone extensive breakage 
and had a mixture of stratigraphic ranges in the Miocene, 
Pliocene and Pleistocene. Breakage and mixing of diatoms 
probably occurred during basal sliding of a grounded ice sheet. 
Sediment and diatoms were reworked on the northern part of 
the Ross Sea continental shelf by former advances of grounded 
West Antarctic ice. Each advance of grounded ice mixed inter- 
glacial material, similar to unit A, into the underlying till left by 
the preceding ice advance. Advancing grounded ice created unit 
B by compacting the sediments and reworking and fracturing 
diatoms and other microfossils. The most recent episode of 
subglacial reworking occurred during the late Brunhes (0.0 to 
0.69 Myr BP)*, because diatoms of McCollum’s* Coscinodiscus 
lentigenosus zone were found throughout unit B. We predicted 
that material similar to unit B should also be present in cores 
from beneath the Ross Ice Shelf, but that unit A, which is 
deposited today in conditions that include relatively open water 
for part of the year, should be absent. We were rather sceptical, 
therefore, when Brady and Martin® and Webb et al.’ reported a 
late middle Miocene age for the RISP sediments. 

Eleven short gravity cores, 15-93 cm long, were collected at 
site J9 during the 1977-78 field season’; 47 additional cores, 
with lengths up to 122 cm, were collected in 1978-79". Two 
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lithological units (not to be confused with Ross Sea units A and 
B) were observed in each core. The upper unit is 5~22 cm thick 
and consists of pebble-granule diatomaceous mud”? which is 
light olive-grey (SY 5/2) in colour. The lower unit, the entire 
thickness of which is unknown, was at the time of collection 
more compact than the soft-to-soupy upper unit’. Both units 
have similar compositions but the lower unit differs in colour, as 
it is olive grey (SY 3/2)’, and contains greyish orange (1OYR 
7/4) or light olive-grey (SY 5/2) sediment clasts of diatomaceous 
ooze. An age of late middle Miocene was proposed by Brady and 
others for both units“? on the basis of stratigraphically 
important diatoms. Additional support for this age assignment 
comes from studies of pollen and spores® and silicoflagellates 
and ebridians''. Rare Radiolaria and Foraminifera were also 
reported*”’, 

To investigate the adequacy of the proposed late middle 
Miocene age for the RISP sediments, cores 7 and 8, both of 
which were collected during the 1977~78 field season, were 
carefully sampled from the centre of each core (to avoid 
contamination) at various levels from top to bottom (Fig. 2). 
Diatom slides were prepared using standard methods!’ and 
were examined exhaustively to determine which species were 
present. The results were used to make stratigraphic inferences. 
Quantitative counts of diatoms on each slide were later made so 
as to compare RISP floral assemblages with previously studied 
diatom floras of sediments from the Ross Sea region. In discuss- 
ing our results, we do not differentiate individual RISP samples 
or discuss separately the two units in RISP cores because we 
found the diatom flora to be similar in all samples. 

Although we concur with Brady* that middle Miocene 
diatoms are present in the RISP sediments, we believe that 
these specimens are reworked because we also observed several 
species that are considerably younger (Fig. 1). A similar 
conclusion was reached independently by core describers, 
working under Dennis Cassidy at the Antarctic Core Facility, 
Florida State University (J. Hattner, personal communication). 
Younger species occur throughout both units in all RISP 
samples that we have analysed; their relative abundances are 
similar to those calculated for Recent Ross Sea sediments?’, 
although they are usually less abundant than the Miocene-aged 
forms. The younger species are usually relatively small, delicate, 
weakly silicified forms that may easily be overlooked when 
mixed with the larger, more striking Miocene forms. 

Stratigraphic ranges were established by McCollum’ for a 
large number of diatom species that occur in DSDP cores from 
the Ross Sea and adjacent sub-Antarctic areas. He correlated 
the stratigraphic ranges with palaeomagnetic stratigraphy for 
the past 4.5 Myr, and established diatom zones with tentative 
ages extending back into the Lower Miocene. McCollum’s 
stratigraphy” is recognized as a preliminary effort because it is 
based on only a few widely scattered DSDP cores; the older part 
has been revised’*. However, because it is based, in part, on data 
from the Ross Sea, McCollum’s stratigraphy remains state-of- 
the-art for this region. Our stratigraphic conclusions are, there- 
fore, subject to revision, but we doubt that future refinements 
will significantly alter the stratigraphic conclusions presented 
here. 

Figure 1 shows the stratigraphic ranges of diatoms we 
encountered in RISP cores, as well as those listed by Brady’, for 
all species for which stratigraphic information is available*'*"5, 
Some of the species in Fig. 1 were also reported by Brady”, but 
he and Webb*’”* specifically stated that no species younger than 
Miocene occur in the RISP cores. If we assume that McCol- 
lum’s” stratigraphic ranges for the Pliocene and Pleistocene are 
essentially correct, and neither we nor Brady®’, or Schrader‘* 
doubt this, then we must conclude from Fig. 1 that Miocene, 
Pliocene, Pleistocene and even late Pleistocene diatom species 
are present throughout RISP cores 7 and 8. Because our 
examination of the cores at the Antarctic Core Facility in 
Tallahassee and our study of the core descriptions® show that 
these two cores are representative of the entire suite of RISP 
cores, this conclusion encompasses all RISP material. RISP 
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diatom assemblages are clearly reworked. We hypothesize that 
other Miocene microfossils and sediment in RISP cores are 
similarly reworked (as are Radiolaria, diatoms and Foraminifera 
in Ross Sea unit B'’). 

Our colleagues and several reviewers have suggested that our 
RISP samples might have been contaminated by recent diatoms 
in the water column that entered the cores during retrieval, or 
that we analysed samples of contaminated material from the 
edge of the cores. Neither suggestion is correct. Our samples 
were taken from the centres of the cores specifically to avoid 
edge contamination, and the material is so hard and compact" 
that contamination during retrieval is virtually impossible. 
Further, Pleistocene diatoms occur along with Miocene species 
in the sedimentary clasts of the lower RISP unit. We also took 
special care to avoid contamination in the laboratory. It is thus 
clear that the Pleistocene species we report are indeed present in 
the RISP samples. Our age interpretation is therefore as 
accurate as the currently known ranges for these species. 

In addition to the diatom species listed in Fig. 1, we encoun- 
tered several species throughout cores 7 and 8 for which no 
stratigraphic information is available for the Antarctic. We 
made quantitative counts of diatoms in each sample to obtain 
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data for comparison with diatom floras from Ross Sea cores. 
Figure 2 lists the numbers of specimens of all species that 
occurred during quantitative analyses (all species encountered 
were tallied during study of non-overlapping transects of each 
slide until ~300 specimens had been counted). As most of our 
slides contained many more than 300 specimens, it is not 
surprising that some of the rare Pleistocene species were not 
encountered during quantitative analyses. Also included in 
Fig. 2 are average counts for samples of units A and B from Ross 
Sea cores, and an indication of the variability involved in these 
data (minimum and maximum values). 

Figure 2 shows a remarkable similarity between diatom floras 
in the RISP samples and in unit B. Nearly every species falls 
within the range of variability displayed in unit B’, but some 
differences are apparent: Trinacria excavata is considerably 
more abundant in the RISP samples than in any previously 
studied sample of unit B, Eucampia antarctica and species of the 
genus Rhizosolenia are less abundant in RISP material than 
they are in unit B, and Coscinodisus lentiginosus was not 
observed in RISP samples. Diatom abundance and degree of 
preservation also appear nearly identical in samples from RISP 
site J9 and unit B. 
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Fig.1 Composite of stratigraphic ranges of diatoms in RISP sediment cores. Magnetic stratigraphy and series /epoch boundaries after Opdyke”, 

Diatom zones for the period from 4.5 Myr to the present are from McCollum“. Individual species’ ranges are from McCollum“ , except for C 

actinochilus and S. antarctica'*". D. antarctica, T. excavata and T. pileolus were reported from RISP cores by Brady’: D. hustedsii, D. lauta, M. 
sulcata and R. hebetata f, hiemalis were reported by Brady and Martin”, 
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Fig. 2 Diatom census data for samples from RISP cores J9~7, J9-8 and J9 78-44. The boundary between the upper and lower sediment units 

occurs at 22 cm in J9-7, at 13 cm in J9-8 and at 17 cm in J9 78-44°, Samples from J9 78-44 at 42-44 cm represent analyses of a sedimentary clast 

(C) and sediment matrix from outside the clast (M). Comparative diatom census data, from ref. 2, are included for Ross Sea units A and B, with 

minimum and maximum tallies and averages of 27 and 41 sample analyses, respectively. Note that individual species’ census data in RISP 

samples fall within the range of variability displayed in unit B. The letter ‘P’ is used to indicate that a species was present in a sample, but did not 
occur during quantitative analysis. 


The absence of the Quaternary indicator species C. lenti- 
ginosus from RISP sediments may be merely an artefact of the 
very poor diatom preservation that characterizes these sedi- 
ments. RISP sediments are a virtual hash of centric diatom 
fragments, which are too small for positive identification. Some 
of these fragments might well be broken specimens of C. lenti- 
ginosus, but positive identification of this large but delicate 
species rests largely on the presence of a marginal apiculus, 
which is often broken off even in relatively well preserved Ross 
Sea samples. The species that we can identify in RISP samples 
are those which are most likely to have survived intense 
mechanical reworking. It is this poor preservation of relatively 
delicate species which accounts for the observed predominance 
of robust Miocene diatoms like Trinacria excavata and 
Stephanopyxis turris in RISP sediments. 

The upper and lower units in RISP cores contain essentially 
identical diatom floras; these units differ only in colour and 
water content®. The lower unit in RISP cores is florally and 
sedimentologically the same as Ross Sea unit B, a basal till’. 
We conclude that the lower RISP unit is an extension of unit B 
and was formed by the same mechanisim-——reworking by 
grounded West Antarctic ice—as we hypothesized for unit B`. 

The upper unit in cores from site J9 is problematic. Although 
it has the same floral assemblage and sedimentology as unit B, its 
high water content and lack of overcompaction argue against 
former deposition beneath grounded ice. We do not favour an 
explanation based on postglacial deposition beneath the Ross 
Ice Shelf. Even though modern diatoms are carried beneath the 
shelf by tidal pumping and ocean currents, the high degree of 
breakage of the diatoms and the fact that the assemblage in both 
units contains diatoms of mixed age suggest intense mechanical 
reworking. There is no evidence for strong bottom currents 
beneath the ice shelf”. We thus conclude that the upper unit in 
the RISP cores results from postglacial alteration of the basal till 
that forms the lower unit (unit B). The absence of similar 
material from the Ross Sea continental shelf north of the Ross 
Ice Shelf may be explained by the cover of Recent sediments 
(unit A) which prevents direct contact of the till with seawater, 
or it may be that some peculiar process operates beneath the ice 
shelf that has not yet been documented. 


The microfossils must not be misinterpreted as in situ. We do 
not suggest that RISP diatoms are in situ Pleistocene deposits 
and believe we have documented that they are not in situ late 
middle Miocene. They are clearly reworked, and probably were 
reworked several times, the most recent episode of reworking 
having occurred during the late Brunhes. 

Our analyses of the two RISP cores support the conclusions of 
our previous work'~’. The lower unit in the RISP cores seems to 
represent an extension of unit B. Unit A is not present in the 
RISP cores, as we predicted. In contrast to our expectations, the 
transition zone that occurs in cores from the open Ross Sea was 
not observed in the RISP cores. We hypothesized'* that sedi- 
ments in this zone were winnowed and selectively sorted by 
bottom currents associated with the grounding line of the 
retreating West Antarctic Ice Sheet. The currents were probably 
caused by a combination of subglacial meltwater streaming from 
beneath the ice sheet, marine bottom water flow and tidal 
pumping. The absence of transition zone sediments at site J9 
suggests that the grounding line was retreating rapidly at the 
time it passed this area. 

We conclude that the RISP sediments and unit B represent 
material that was reworked and compacted by grounded West 
Antarctic ice. The most recent reworking, which occurred dur- 
ing the late Brunhes, probably represents an advance of the 
West Antarctic Ice Sheet during late Wisconsin time. Precise 
dating of this event in Ross Sea and RISP sediments has not yet 
been accomplished, but glacial geological studies in the 
McMurdo Sound region and along the coast of northern Victoria 
Land support a late Wisconsin age’*"’. 

The significance of our results extends beyond merely 
confirming our previous work with Ross Sea sediments. The 
presence of late Pleistocene material throughout the sediment 
cores from site J9, in contrast to previously published RISP 
results”? °?°?? suggests that future acquisition of longer cores 
from beneath the Ross Ice Shelf may provide information on the 
history of Quaternary and Pliocene fluctuations of the West 
Antarctic Ice Sheet. In addition, it throws considerable doubt on 
a recent hypothesis concerning Miocene palaeogeographical 
evolution of the Ross Sea region?” as this hypothesis requires a 
middle Miocene age for RISP sediments. 
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A simple algorithm for computing the three-dimensional struc- 
ture of a scene from a correlated pair of perspective projections 
is described here, when the spatial relationship between the two 
projections is unknown. This problem is relevant not only to 
photographic surveying’ but also to binocular vision’, where the 
non-visual information available to the observer about the 
orientation and focal length of each eye is much less accurate 
than the optical information supplied by the retinal images 
themselves. The problem also arises in monocular perception of 
motion’, where the two projections represent views which are 
separated in time as well as space. As Marr and Poggio* have 
noted, the fusing of two images to produce a three-dimensional 
percept involves two distinct processes: the establishment of a 
1:1 correspondence between image points in the two views— 
the ‘correspondence problem’—and the use of the associated 
disparities for determining the distances of visible elements in 
the scene. I shall assume that the correspondence problem has 
been solved; the problem of reconstructing the scene then 
reduces to that of finding the relative orientation of the two 
viewpoints. 

Photogrammetrists know that if a scene is photographed from 
two viewpoints, then the relationship between the camera posi- 
tions is uniquely determined, in general, by the photographic 
coordinates of just five distinguishable points; but actually 
calculating the structure of the scene from five sets of image 
coordinates involves the iterative solution of five simultaneous 
third-order equations’. I show here that if the scene contains as 
many as eight points whose images can be located in each 
projection, then the relative orientation of the two projections, 
and the structure of the scene, can be computed, in general, from 
the eight sets of image coordinates by a direct method which 
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calls for nothing more difficult than the solution of a set of 
simultaneous linear equations. 

Let P be a visible point in the scene, and let (X,, Xa Xa) and 
(Xi, X1, X4) be its three-dimensional cartesian coordinates with 
respect to the two viewpoints. The ‘forward’ coordinates X and 

are necessarily positive. The image coordinates of P in the 
two views may then be defined as 


(Xi, X2) — (X,/X3, Xa/ Xa), 

(x1 X2) = (X17 X3, X?/ X3) 
and it is convenient to supplement them with the dummy 
coordinates 


(1) 


x3 = 1, x3= 1] (2) 
so that one can then write 
Xa = X,./ Xa, X, kj XX3 (jd, en j $ A 3) (3) 


As the two sets of three-dimensional coordinates are connected 
by an arbitrary displacement, we may write 


XL = R(X, —T,) (4) 


where T is an unknown translational vector and R is an unknown 
rigid rotation matrix. (In this and subsequent equations I sum 
over repeated Greek subscripts.) The rotation R satisfies the 
relationships 


RR=1=RR, detR=1 (5) 


and it is convenient to adopt the length of the vector T as the unit 
of distance: 


Ti(=Ti+Ti+T3) = 1 (6) 


I begin by establishing a general relationship between the two 
sets of image coordinates—a relationship which expresses the 
condition that corresponding rays through the two centres of 
projection must intersect in space. We define a new matrix Q by 


Q=RS (7) 
where § is the skew-symmetric matrix 
0 ÉT -r 
S=|-T, 0 T l (8) 
Ta T, 0 
Equation (8) may be written as 
Sav = Erve Lo (9) 


where £, = 0 unless (A, v, 7) is a permutation of (1, 2,3), in 
which case £, = £1 depending on whether this permutation is 
even or odd. It follows from equations (4)-(9) that 


Xj,.0..%, x R.. (Xu ~T OR Ere ts Ka 
me (Xa ~ r ba My (10) 


but because the quantity £x is antisymmetric in every pair of its 
subscripts, the right-hand side vanishes identically: 


X,,0,,X%, =0 (1) 


Dividing equation (11) by X4X, we arrive at the desired rela- 
tionship between the image coordinates: 


x, Q,,%, = 0 (12) 


The next step is to determine the nine elements Q... There will. 
be one equation of type (12) for every point P., namely 


and in this equation the nine quantities (x/,x,}, are presumed to 
be known. The ratios of the nine unknowns Q,,,. can therefore be 
obtained, in general, by solving eight simultaneous linear equa- 
tions of type (13), one for each of eight visible points P,,..., Ps. 
I shall not yet discuss the special circumstances under which the 
solution fails; for the present merely note that if the eight 
equations (13) are independent, their solution is entirely - 
straightforward from a computational point of view. eee 





H 1981 Macmifian Journals Led 





134 


The translational vector F must be calculated next. Multiply- 
ing Q on the left of equation (7) by its transpose we obtain 


QQ=SRRS=SS (14) 
so that, by the definition of S, 
Q,.,Q,6 =T; -T,T, (15) 
But T} = 1 by equation (6), and so the trace of OQ must be 
Qo Qu = 6,,-Ti=2 (16) 


The nine elements of Q can therefore be normalized by dividing 
them by v 3 trace QQ; the elements of the normalized matrix 
QQ can then be used for computing the ratios of the components 


of T: 
1-Ti -~T T, ~T,T; 
QQ=| -T.T, 1~-T} -T,T; (17) 
~¥3,T, -T3T, 1-T; 


There are evidently three independent relationships between 
the diagonal and the off-diagonal elements of QQ; these supply 
three independent checks on the results obtained so far. The 
absolute signs of the T, and the Q,,, are still undetermined but, 
as we shall see, these ambiguities are easily resolved later. 

We are now in a position to compute the elements of the 
rotation matrix R. First note that equation (7) has a simple 
interpretation in terms of vector products. If we regard each row 
of Q, and each row of R, as a vector, then | 


Q.=TxR, (a@=1,2,3) (18) 


and the condition for R to represent a proper rotation can be 
expressed in a similar form: 


R. =R, xR, (19) 


for a, B, y such that £4g, = 1. The problem is then to express the 
R. in terms of T and the Q.. 

By equation (18), R, is orthogonal to Q, and may therefore 
be expressed as a linear combination of T and Q, xT. We 
therefore introduce new vectors 


W,=Q, xT (a = 1, 2, 3) (20) 
and write | 
R, =a,T+ 6, W., (21) 
Substitution into equation (18) gives 
Q. = TX (a,T+5, W,,) = b, (Tx W.) (22) 
But as T is a unit vector, 
TxW, =Tx(Q, xT)=Q, (23) 
and so 
b, = 1 (24) 


Turning to equation (19) we deduce that when eng, = 1, 
a, 1+ W, = (agT + Wa) x (a,T+ W,) 
= agQ, -a Qr +W xW, (25) 
But in equation (25) the vectors W,, Q, and Q, are all ortho- 
gonal to T, whereas W, x W, is, by equation (20), a multiple of 


T. It follows that in equation (25) the first term on the left equals 
the last term on the right, 


a,T = W, xW, (26) 
and equation (21) finally becomes 


Having obtained in this way the vector T and the three rows of 
the matrix R, we can at last find the three-dimensional coor- 
dinates X,,, as follows: 
By equation (4), 
X =R (X. -T,) 
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from which it follows that 
, Xi _ R(X, -T,) 


Ki = m e 28 

| a cae te, ae i 
Introducing the vectors | 

X sF (Xi, Xa, Xa), x= (Xi, X32, 1) (29) 


we may write equation (28) in terms of the rows R, of the matrix 
R: 


R, (X-T) R; *(x-T/X;) 


l= SE en 30 
ii R: (X-T) R,-(x—T/X;) i 
from which it follows that 
(R, —xiR,) T 
Xj;=— + 31 
5R,- xiR,) x a 


The other unprimed coordinates are then given by equation (3) 
as 


Xa = xi Xz, Xa = X2M3 (32) 


and the primed coordinates are finally obtained from equation 
(4). 

There are, in fact, four distinct solutions to the problem, 
associated with the alternative choices of sign for the 
components of T and the elements of Q. But any doubt as to 
which choices to adopt is easily resolved: the condition that the 
forward coordinates of any point must both be positive will be 
satisfied if, and only if, both sets of signs are correctly chosen. 

There are certain ‘degenerate’ eight-point configurations for 
which the algorithm fails because the associated equations (13) 
become non-independent. A configuration will be degenerate if 
as many as four of the points lie in a straight line, or if as many as 
seven of them lie in a plane. Quite unexpectedly, degeneracy 
also arises if the configuration includes six points at the vertices 
of a regular hexagon, or consists of eight points at the vertices of 
a cube. The ‘invisibility’ of such configurations to the eight-point 
algorithm may be demonstrated by arguments too long to be 
presented here; but the reasons for it are unconnected with any 
ambiguity in the interpretation of the resulting projections. A 
degenerate configuration immediately becomes ‘visible’, 
however, if one of the offending points P; is moved slightly away 
from its original position. 

In general, then, the three-dimensional coordinates of a set of 
eight or more visible points may be obtained by the following 
algorithm: 

(1) Set up eight equations of the form (13), and solve them for 
the ratios of the nine unknowns Q,,. 

(2) Compute the matrix QQ and normalize the ele- 
ments of Q by dividing them by Vi trace QQ. 

(3) Obtain the magnitudes and the relative signs of the T, 
from equation (17); their absolute signs, and those of the Q., 
may have to be chosen arbitrarily at this stage. 

(4) Define three new vectors by equation (20) and use equa- 
tion (27) to calculate the rows of the matrix R. 

(5) Use equations (31) and (32) for computing the unprimed 
three-dimensional coordinates of all the visible points, and 
equation (4) for calculating the primed coordinates. 

(6) Check that the forward coordinates X, and X4 of any 
point are both positive. If both signs are negative, alter the signs 
of the T, and return to step (5); if X, and X; are of opposite sign, 
reverse the signs of the Q,, and return to step 4. 

The algorithm yields the most accurate results when applied 
to situations in which the distance D between the centres of 
projection is not too small compared with their distances from 
the points P,. If the projective coordinates are accurate to a few 
seconds of arc, the forward coordinates of the P, can be esti- 
mated out to about 10D with great accuracy, and even as far as 
100D if the P; are adequately spaced in depth. This performance 
is comparable with that of the human visual system; but that 
does not, of course, imply that the eight-point algorithm is 
actually used in stereoscopic vision, as in binocular vision we 
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have at least some information about the relative orientation of 
the two eyes. The most useful applications of the eight-point 
algorithm will probably be found in computer vision systems, 
where there is still a need for fast and accurate methods of 
converting two-dimensional images into three-dimensional 
interpretations. 

I thank Drs A. L. Allan and K. B. Atkinson for the reference 
to Thompson’, and the RS and SRC for support. 
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The use of high-resolution stratigraphical control in studying the 
species sequencing patterns of early Eocene mammals has 
recently been demonstrated by Gingerich et al.'~*. These studies 
have documented the nature of the tempo and mode of evolu- 
tion and have stimulated the debate between adherents of 
phyletic gradualism and punctuated equilibria’. All studies have 
been largely verticalist (evolutionary) in outlook, equating 
change within a single basin of deposition with evolution. 
However, when I applied these techniques to the early Eocene 
condylarth, Phenacodus, I found a strong lateral (biogeo- 
graphical and ecological) component influencing the sequencing 
of species in a single basin. I report here that Phenacodus species 
are relatively static in size and morphology throughout the local 
section studied, and two of these show statistically significant 
discontinuities in temporal range. The clumped re-entry of these 
species after local disappearance along with the introduction of 
other new taxa points to ecological control of vertical events 
within a local section. 

I used high-resolution stratigraphy to study mammalian 
evolution at the species level, concentrating on early Eocene 
Willwood Formation of northwestern Wyoming because of the 
density and continuity of the fossil record preserved in these 
sediments. The Elk Creek Section through the Willwood 
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Formation of the central Bighorn Basin is 773m thick’, and ` 


represents an estimated 3.5 Myr (ref. &). Using a 10-m resolu- 
tion interval, over 240 fossil localities can be related to this 
section. These localities, distributed over a 650-km’ area, so far 
have produced over 15,000 specimens and are distributed 
vertically through the section so thai more than 50 of the 
77 10-m intervals are fossiliferous; half of these have total 
mammalian sample sizes (minimum number of individuals) 
of over 75, 

In a recent review of the systematics of the genus Phenacodus, 
West? recognized three species from the early Eocene, P. bra- 
chypternus, P. vortmani and P. primaevus, his study predates 
publication of the Elk Creek Section and the stratigraphical 
resolution used was at the level of the zone, that is, early Eocene 


Phenacodus were divided into three samples corresponding to -~ 


Graybullian (base-530m), Lysitian (530-660 m) 
Lostcabinian (660-770 m) zones. P. brachypternus was recor- 
ded as being almost wholly restricted to the Graybullian, 
whereas the other two species were distributed through the 
entire Wasatchian. P. brachypternus and P. vortmani are rela- 
tively well defined fossil species that have always been easily 
identified in collections on the basis cf size and morphology, 
whereas P. primaevus has usually been:characterized by a fairly 
large variation that has made it difficult to define the bounds of 
the species. This has led to the subdivision of F. primaevus into 
two to four species'*’'. West’ did not subdivide this species even 
though the recorded ranges of variation (coefficients of variation 
of ~10 for most linear measures) and a range of In 0.8 for tooth 
crown area of M, (lower second molar) are almost double those 
expected for a single species” ™*, 

Inclusion of all large specimens of Phenacodus in a single 
species is untenable, and on the basis of data shown in Fig, 1, the 
large phenacodontids have been subdivided into two species, 
P. intermedius and P. primaevus. As previously shown by 
Gingerich'*'*> and observed in the two smaller species of 
Phenacodus, the normal range of variation of In of the crown 
area of a molar tooth is of the order of 0.4. In the interval 
100-190 m, almost all specimens fall neatly within the expected 
range of a single species, the size of which agrees well with the 
type of P. intermedius; thus these specimens are referred to that 
species. The single outlier at the 100-m level has a value that 
differs by 4 standard deviations from the mean of P. intermedius 
specimens, and is therefore too large to be included in that 
species. In the interval 200-380 m there is a second well defined 
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Fig. 1 Species-sequencing pattern of early Eocene Phenacodus in the central Bighorn Basin, Wyoming. Stratephenetic plot shows the 

distribution in size and time of the four species, and illustrates the discontinuity in the temporal ranges of P. brachypternus (i) and F, vertmani 

(>), and the transition in dominance between P. intermedius (©) and P. primaevus (@) at the base of the Upper Haplomylus—Ectocion Zone. Size 

is measured on the abscissa as In of the crown area of the lower second molar (M;) and time is shown on the ordinate as metres above the base of 

the Elk Creek Section. The horizontal lines at the 730-m level are the maximum ranges of the two species of Phenacodus from the Losteabinian of 

the Wind River Basin. Note the similarity between the size range of the larger species from the Wind River Basin and F intermedius from the Elk 
Creek Section. p eee 
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sample of large phenacodontid. The size of this species is similar 
to that of Granger’s’’ plesiotype of P. primaevus and this sample 
is referred to as that species, as is the 100-m level outlier already 
mentioned. P. primaevus could not be derived by gradual size 
transformation from P. intermedius because both species occur 
together at YPM Locality 351 (evidence provided by the large 
variation at the 240-m level) and P. primaevus occurs earlier at 
the 100-m level. This early occurrence of P. primaevus also 
tends to rule out a speciation event as an explanation for the size 


discontinuity at the 240-m level. It seems more likely that the 
observed pattern is the result of a shift in dominance between 
the two species, with the zone of transition in the interval 
200-240 m, Above the 420-m level all large phenacodontids 
become exceedingly rare in the central Bighorn Basin. Although 
no M; values substantiate this point in Fig. 1, other elements 
indicate that P. intermedius returns as the primary species of 
large phenacodontid in the highest part of the section. This also 
seems to be the case in the Wind River Basin’ (Fig. 1). 





Table 1 Distribution of abundances of the five species of phenacodontid candylarths through the Elk Creek Section 
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The abundances of the five species and the total sample size at each level are given as minimum number of individuals, Note the absence of P. brachypternus and 


P. vortmani from the entire Upper Haplomylus-Ectocion Zone (200-380 m). 
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This temporal discontinuity in the range of P. intermedius is 
even more evident in the ranges of P. brachypternus and 
P. vortmani. P. brachypternus is distinguished from all other 
species of Phenacodus by its small size and elongate lower fourth 
premolar (P,) (Fig. 2). This condition of P, is present in the 
samples from all levels. As indicated in Fig. 1, there are no 
specimens of P. brachypternus from the entire 200-380-m 
interval (Upper Haplomylus—Ectocion Zone). The relative 
abundance of P. brachypternus through the entire section is 
0.006 (Table 1). Using this as the most conservative estimate the 
probability of P. brachypternus not being found in the Upper 
Haplomylus—Ectocion Zone, if it were in fact present, is 0.0007. 
Of course, the higher frequency of P. brachypternus in the two 
zones bounding the zone of absence gives a lower probability 
that the species was in fact present in the intervening zone and 
has not yet been found. It is possible that the species present in 
the Lower Haplomylus-Ectocion Zone became extinct and a 
totally new species appeared at the beginning of the Buno- 
phorous interval zone; this is highly unlikely in this particular 
case because of the presence of the unique P, in both the lower 
and upper samples, as noted above. The pattern for P. vortmani 
is very similar to that of P. brachypternus and an equally con- 
vincing argument can be made for its absence from the Upper 
Haplomylus-Ectocion Zone. However, for P. vortmani there is 
no unifying morphology between the lower and upper samples, 
and the positing of the discontinuity in the temporal range of this 
species is based on inference from P. brachypternus. 

The temporal gap in the range of P. brachypternus is on the 
order of 200 m (slightly more for P. vortmani) and probably 
represents a time interval of ~1 Myr. In searching for an 
explanation for the species-sequencing patterns of these two 
species, it is necessary to consider the changes occurring in the 
entire fauna as well as aspects of the history of the Phenacodon- 
tidae. Phenacodontids experienced a severe decrease in relative 
abundance across the Clarkforkian—Wasatchian boundary’. 
This decline continued through the Wasatchian and correlates 
with the appearance and rise of the more advanced Perissodac- 
tyla. During the Wasatchian, larger condylarths are charac- 
terized by a patchy distribution such that the presence of one 
often means the exclusion of others'’. In the central Bighorn 
Basin, the lower and upper boundaries of the Upper Haplomy- 
lus-Ectocion Zone (Biohorizons A and B respectively) are times 
of increased faunal turnover’, Biohorizon B also seems to 
correlate with a shift in the environmental regime as indicated by 
changes in the depositional environments and palaeofiora across 
this boundary”. No significant shift in the palaeoflora has been 
documented across Biohorizon A, although a slight shift is 
observed in the depositional environment. 

It is informative to consider the distribution of a fifth species 
of phenacodontid, Ectocion osbornianus. At the base of the 
Wasatchian, Ectocion is equal in size with P. brachypternus. It 
increases slightly in size through the Haplomylus—Ectocion Zone 
such that at the top of its range it is intermediate in size between 
P. brachypternus and P. vortmani. During the Lower Haplomy- 
lus—Ectocion Zone, P. brachypternus and P. vortmani decrease in 
abundance just before their disappearance from the central 
basin—this decrease is matched by an increase in abundance of 
Ectocion. The reciprocity of abundances is not continued into 
the Upper Haplomylus—Ectocion Zone, when Ectocion abun- 
dance is also reduced. Ectocion becomes locally extinct in the 
central basin at the top of the Upper Haplomylus—Ectocion 
Zone, just before the return of P. brachypternus and P. vortmani. 

Thus it seems that during the Wasatchian, phenacodontid 
condylarths became relatively sensitive environmental indica- 
tors. The general increase in open habitats through the Wasat- 
chian (L. Hickey and S. Wing, personal communication) was 
probably responsible for the decline in abundance of the 
phenacodontids and the rise of the perissodactyls. Due to their 
dietary preferences (frugivore-foliavores), the phenacodontids 
were better adapted to a closed canopy forest habitat, whereas 
the perissodactyls (foliavores) were favoured in more open 
habitats (C. Janis and P. Gingerich, personal communication). 
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Fig. 2 Comparison of the five species of phenacodontid condyl- 
arths from the Elk Creek Section of the central Bighorn Basin. a, 
Ectocion osbornianus (YPM 21211); >, Phenacodus vortmani 
(YPM 31949); c, P. brachypternus (YPM 22963); d, P. intermedius 
(YPM 32416); e, P. primaevus (YPM 25502). All specimens show 
right P4-M; or Ps—M2 in occlusal view and represent only a portion 
of the preserved specimen. Note the similarity in size between 
Ectocion and P. brachypternus, and the elongated P, of P. bra- 
chypternus. 


The exclusion and subsequent return of the two small Phena- 
codus species may be attributed to an increase in competition 
with Ectocion. That this increase in competition was influenced 
by external factors is seen in the later decline of Ectocion, and 
the correlation of the species-sequencing events with high spe- 
cies turnover rates and changing environments at Biohorizons A 
and B. The shifts in the environment that led to these events 
were probably of a more subtle nature than those that led to the 
general decline of the Phenacodontidae. 

Documentation of the discontinuity in the temporal range of 
Phenacodus brachypternus, with its unifying morphology of 
disjunct samples, is important because it allows recognition of 
gaps in the distribution of species where the morphology is 
ambiguous, as is the case for P. vormnani. Preliminary work 
indicates that coincident gaps also occur in the ranges of the 
condylarth Hyopsodus cf. simplex, in a species of the peris- 
sodactyl genus Hyracotherium, and to a lesser degree in the 
primate Pelycodus mckennai and the arctocyonid Thryptacodon 
antiquus. 

More significantly, perhaps, the temporal gaps demonstrate 
the importance of the biogeographical or environmental 
component in influencing the species-sequencing patterns in a 
single basin. The first appearance of a lineage within a stra- 
tigraphical sequence cannot necessarily be treated as a specia- 
tion event but might be regarded rather as immigration, either 
from a different geographical area or a previously unsampled 
habitat. The phyletic linkage of a species with its nearest stra- 
tigraphical congener is not necessarily the most parsimonious of 
possible evolutionary patterns. Documentation of dis- 
continuities in the morphology of successive species within a 
single basin offers no real evidence for either phyletic gradu- 
alism or punctuated equilibria. The long-term stasis in 
morphology and size shown by the four species of Phenacodus 
conforms to the pattern expected in a model of evolution by 
punctuated equilibria. However, shifting geographical ranges 
under the influence of a changing environment, rather than 
speciation, seems to be an adequate explanation for the obser- 
ved pattern. 

I thank P. Gingerich, R. Bakker, D. Rubenstein, D. Baird and 
J. Horner for reviewing the manuscript and for constructive 
criticism. Support for this project was provided in part by NSF 
Doctoral Dissertation Improvement Grant DEB76-—22769 and 
a Sigma Xi research grant. 
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Embryonic diapause is a widespread phenomenon in mammals 
and may be controlled either by lactation or by seasonal 
environmental factors’. A few species, such as the tammar 
wallaby, Macropus eugenii, use both mechanisms, depending on 
the time of year. On Kangaroo Island, South Australia (latitude 
36° $), female tammars give birth to a single young in late 
January or early February”. Mating occurs on the day after birth 
and the resulting conceptus grows to a 100-cell blastocyst before 
entering a state of embryonic diapause. This arrest of embryonic 
growth is due to a suppression of the corpus luteum by prolactin 
induced by the young in the pouch sucking the teat (lactational 
diapause)**. If the young is removed from the teat between 
February and early June, the corpus luteum hypertrophies, the 
blastocyst resumes growth and birth occurs 27 days later“. In the 
second half of the year (June to December), diapause is not 
solely dependent on the sucking stimulus as it is maintained after 
weaning, which usually occurs in October, or following experi- 
mental removal of the pouch young. This is referred to as 
seasonal diapause*. Reactivation occurs on or about the summer 
solstice (22 December) and there is evidence that it is photo- 
periodically induced® (Fig. 1). We report here that bilateral 
removal of the superior cervical ganglion in female tammars 
eliminates seasonal embryonic diapause, but has no effect on 
lactational diapause. This is the first evidence that the pineal 
gland may be involved in regulation of embryonic diapause in 
mammals. 

Twelve wallabies in lactational diapause with pouch young of 
similar ages were operated on in March and April and the first 
week in May 1980. In eight of these animals, the superior 
cervical ganglia were removed bilaterally, fixed in glutaralde- 
hyde and examined histologically to confirm the presence of 
ganglion cells. Four animals served as sham-operated controls 
and a further nine unoperated animals were maintained in 
parallel. The animals were kept in a large outdoor enclosure 
together with three males at Murdoch University, Western 
Australia (latitude 32° S). To examine the effects of ganglion- 
ectomy on pineal function, blood samples were collected from a 
lateral tail vein at 12.00 and 24.00 h on the day before surgery 
and again some weeks after the operation, and the levels of 
melatonin determined by a modified radioimmunoassay’. 
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Table 1 Effect on embryonic diapause of the bilaterial removal of the superior 
cervical ganglia from the tammar wallaby 
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No. of 
young born 
No. of May to July No. of Mothers 
mothers with 1980, pouch young born giving 
small pouch young of August to birth to 
Treatment young in February left November new young in 
group February 1980 in situ 1980 February 1981 
Ganglionectomy 8 0 24 (Young of 
{March to November left 
early May) in situ) 
Sham-operated* 4 
(March to 
early May) H u ae 
Unoperated 9 





* Number reduced to three in September when one wallaby was culled due to an 
eye infection. ; 


Further plasma samples were taken every 3 h over a 27-h period 
in August and November. 

The removal of the superior cervical ganglia had no effect on 
lactational diapause. In late July, four of the ganglionectomized 
wallabies lost their pouch young, two of which were recovered 
dead; these two were small for their age. This was also the case 
for all the pouch young still carried by the other ganglion- 
ectomized animals. All eight ganglionectomized animals had 
smaller mammary glands than did control animals, suggesting 
that the operation had interfered with mammary development. 

To determine whether ganglionectomy had affected seasonal 
diapause, pouch young were removed from the wallabies on 1 
August (Table 1). This resulted in the immediate resumption of 
blastocyst growth in seven of the eight ganglionectomized 
wallabies, and they gave birth 27-28 days later. They 
subsequently came into oestrus, ovulated and their blastocysts 
entered lactational quiescence. By contrast, none of the 13 
controls gave birth. During the next 4 months of seasonal 
diapause, any new pouch young were removed every 30-35 
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Fig. 1 Diagrammatic illustration of the reproductive pattern of 
the tammar wallaby M. eugenii, and the experimental protocol 
used to study the effect of removing the superior cervical ganglia on 
embryonic diapause. Ovulation, mating and fertilization (O) occur 
within 24h of giving birth (B) but the blastocyst so formed 
normally remains in a state of diapause (suspended animation) for 
11 months induced initially by the sucking of the pouch young 
(‘lactational diapause’). Later in the year diapause is maintained in 
the absence of a pouch young by seasonal constraints (‘seasonal 
_diapause’). At about the time of the summer solstice, the blastocyst 
recommences growth (A) and a baby weighing <0.5 g is born 27 
days later (B). The object of the experiment was to determine 
whether removal of the superior cervical ganglia (SCG) from the 
mother would influence the duration of seasonal diapause after the 
removal of the sucking pouch young (RPY). - 
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days. All eight ganglionectomized wallabies continued to give 
birth and ovulate, producing 24 newborn young, whereas the 
controls produced none. One of the sham-operated animals had 
to be killed in September because of an infected eye: this animal 
carried a diapause blastocyst in the uterus. Nine of the remaining 
twelve control animals gave birth at the normal time in February 
1981, proving that their blastocysts had also remained in 
diapause after removal of pouch young in August. 

A marked diurnal rhythm was observed in the plasma level of 
melatonin in intact wallabies, with the midnight values being 
~three- to fivefold higher than those around midday. These 
animals apparently showed a seasonal change: the midnight 
values were 37.8 +9.5 pg ml * (+s.e.m.) in May, 138.1 +29.7 in 
_ August and 52.04 4.0 in November. The bilateral removal of 
the superior cervical ganglia clearly altered pineal function as it 
- completely abolished the nocturnal rise in melatonin, although 
melatonin was still present in the plasma at a mean level of 
19.2 + 2.6 pg ml“ (Fig. 2). 
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Fig.2 Plasma melatonin concentrations (mean +s.e.m.) in sham- 
operated (a), intact ($) and ganglionectomized (c) female tammar 
wallabies bled at 09.00, 18.00 and 24.00h in November. 
Ganglionectomy abolishes the night-time increase in melatonin 
concentration. 


Although the tammar wallaby is a marked seasonal breeder, it 
is unusual that the male shows no seasonal changes in testicular 
size or fertility, and the female is capable of ovulating 
_ throughout the year provided there is no corpus luteum in the 
ovary’*. The maintenance of a relatively inactive corpus luteum 
during the 11 months of embryonic diapause is not due to a 
deficiency of luteinizing hormone or follicle-stimulating 
hormone because hypophysectomy reactivates the corpus 
luteum and causes a resumption of embryonic development at 
all times of the year". However, diapause can be maintained in 
the hypophysectomized animal by prolactin injections; thus it 
seems that this is the key pituitary hormone in diapause 
control’*. Furthermore, prolactin concentrations are elevated 
during seasonal diapause’. Melatonin is known to stimulate 
prolactin secretion in some eutherian mammals'’, while 
pinealectomy or removal of the superior cervical ganglia dis- 
turbs the normal seasonal changes in prolactin secretion’'’’. 
Our observation that ganglionectomized wallabies had small 
mammary glands and emaciated pouch young when examined in 
late July suggests that ganglionectomy also interferes with the 
seasonal increase in prolactin secretion in the wallaby. 

Thus our results suggest that in the tammar wallaby seasonal 
embryonic diapause, but not lactational diapause, depends on 
the pineal gland. Abolition of the diurnal rhythm of melatonin 
secretion by superior cervical ganglionectomy may suppress the 
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seasonal rise in prolactin secretion, thereby allowing reac- 
tivation of the corpus luteum and a resumption of embryonic 
growth. 
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The movement after-effect (MAE) is caused by inspecting a 
pattern in which many stimulus elements in the visual field are in 
coherent movement; after inspection, stationary elements seem 
to move in the opposite direction. By farthe commonest cause of 
such a retinal stimulus is movement of the observer, not move- 
ment of the environment. We suggest kere, therefore, that the 
usual laboratory stimulus for inducing the MAE presents the 
observer with conflicting sensory cues. The optical input is 
normally associated with self motion, bat other cues such as the 
vestibular input simultaneously tell the observer that he is 
stationary. In these circumstances a recalibration of the reia- 
tionship between optical and other information might occur and 
we suggest that the after-effect may be at least in part a 
consequence of this recalibration, rather than being entirely due 
to a passive fatigue-like process. 

The hypothesis that the MAE is due to recalibration clearly 
predicts that if inspection of the mowing pattern occurs in 
circumstances where there is not an incompatibility between 
visual and other information, then the MAE will be much 
reduced. In other words, there will be reduced adaptation if the 
visual movement is appropriately correlated with the observer's 
movements. Evidence for this is the surprising lack of a marked 
MAE after driving a car. To test our prediction we used the 
expanding/contracting MAE, in which the adapting stimulus 
consists of elements in centripetal or centrifugal motion respec- 
tively. Inspection of centrifugal motion results in a centripetal 
after-effect, and vice versa’. Of course, centrifugal motion of the 
visual world is normally produced by forward locomotion; thus 
we should expect from our hypothesis that adaptation would be 
reduced if this pattern of visual movement was indeed produced _ 
by forward bodily movement. Similarly, adaptation to cen- | 
tripetal visual movement should be reduced if the visual fow was 
produced by backward bodily movement. The other 
two combinations, 
centrifugal + backward motion, should, if anything, increase the 
after-effect because they provide even stronger incompatibili- 
ties than the normal case. ve 

In our experiment, both the observer and the display were 
mounted on a trolley that was moved backwards and forwards 
by one of the experimenters, The screen was thus always 0.3m 
away from the observer and always subtended 16.7 x 22.7 deg. 
This is shown diagrammatically at the top of Fig. 1. By monitor- 
ing the movement of the trolley and using a computer to 
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Fig. 1 The subject stood on a trolley and viewed an oscilloscope 

(hatched box) that was also mounted on the trolley. The trolley was 

attached by a string to a stationary potentiometer which passed to 

the computer a voltage corresponding to the subject’s position. The 
observer and screen were under a dense black shroud. The figure 
also shows a typical computer record of a subject being pushed 
backwards and forwards approximately sinusoidally. We were able 
to push smoothly at ~0.4 Hz throughout the 10-min adaptation 
period. 

generate expansion in the display based on this movement, we 
were able to control precisely the compatibility between the 
visual cue to motion and the observer's real motions (see Fig. 1). 
The observer and oscilloscope were covered by a shroud and the 
screen was viewed monocularly through a 1.5 log unit neutral 
density filter. In these conditions the edge of the oscilloscope 
was Only dimly visible and then only when the display was on. 
The display was viewed monocularly to reduce cues as to the real 
distance of the screen. 

The display consisted of an array of 400 randomly positioned 
dots on a Hewlett-Packard 1333A display oscilloscope. To 
produce an expanding stimulus the dots were initially confined 
to a 2.2 deg square, which was then continuously expanded to a 
maximum of 11.0 deg by multiplying the x and y coordinates of 
each dot by a voltage proportional to the observer’s position, 
using the digital-to-analog converters of the Alpha minicom- 
puter which controlled the display. The program was arranged 
such that the maximum size was reached at the furthest forward 
extent of the observer’s movement. Contracting motion was 
produced by the reverse of this process. 

The subject was pushed repetitively forwards and backwards 
along a short run ~ 1 m long. The expansion of the pattern on the 
screen simulated the retinal expansion that would have occurred 
had the subject been pushed towards a stationary display at the 
far end of the room. The display was blanked except for a 
fixation dot while the trolley was moving backwards. An adap- 
tation trial lasted 10 min and typically included ~200 movement 
cycles. The magnitude of the MAE was then measured by the 
method of cancellation (see below). On the following day, the 
magnitude of the MAE was again determined, after exactly the 
same display expansion as before but with the trolley stationary. 

In addition, the experiment was repeated with a contracting 
pattern visible only during the backward phase of the trolley 
movement cycle. The control for this was the presentation of an 
identical contracting pattern when the observer was stationary. 
Finally, we looked at the after-effects produced by the two 
incompatible combinations: forward motion with a contracting 
display and backward motion with an expanding display. These 
were atranged by programming the computer to scale the 
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pattern as if the observer were moving in the reverse of the true 
direction. In all these conditions the pattern was blanked while 
the trolley was being moved to its starting position. 

The size of the resulting MAEs was measured by the method 
of cancellation. Before and after each adaptation session the 
computer presented a 2.2 deg square display of 400 random dots 
which expanded or contracted depending on the setting of a 
potentiometer under the observer’s control. The display was 
repeatedly presented for 1.4 s with intervals of 1.4 s of a blank 
screen. The brief exposure made it less likely that displacement 
was being detected rather than movement. The observer’s task 
was to set the potentiometer so that the pattern appeared 
neither to expand nor to contract. He had five exposures in 
which to make a setting, at the end of which the objective 
expansion/contraction in the pattern was taken as the measure 
of the after-effect. This procedure was repeated 10 times and the 
results averaged. A random offset was added to the poten- 
tiometer on each of the 10 trials to avoid learning effects. The 
initial presentation on each trial alternated between expansion 
and contraction. 

The experiment was carried out using five normally sighted 
observers, including ourselves, each of whom used their prefer- 
red eye for viewing the display monocularly. All the conditions 
and their appropriate controls (observer stationary) were 
repeated at least twice by each observer and the mean results are 
shown in Fig. 2. The main finding was the very small MAE 
obtained after viewing an expanding pattern during forward 
movement in contrast to the larger after-effects found in the 
other conditions. 

These results were not entirely predicted, as they failed to 
show both the expected enhancement of the MAE by incompa- 
tible conditions of self motion and a marked suppression of the 
after-effect of a contracting pattern seen during backward self 
movement. They do, however, reveal that self motion can have a 
pronounced effect on what has been considered previously as an 
entirely visual phenomenon. Our explanation of the data is that 
normal experience with forward locomotion leads to a very fine 
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Fig. 2 The amplitude of the after-effects obtained in each of the 
eight forwards/backwards, expanding/contracting, mov- 
ing/stationary combinations. These are the averages (+s.d.) of at 
least two repetitions of all eight conditions for five subjects with 10 
settings at the end of each adaptation period. Trials were only 
carried out if the subject was initially able to set the zero point to © 
<14 arc s per s of contraction or expansion. Analysis of variance 
showed a significant interaction (F; a = 24.83, P< 0.001) between 
the effect of self motion and its direction. 
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calibration of the relationships between the expanding visual 
field and other cues to forward motion. As long as the correct 
metrical relationship between the two is maintained, there will 
be no MAE. The absence of any marked suppression of the 
MAE produced by visual contraction during backward motion 
may be due to lack of normal experience of this condition. 

These experiments with varying correspondence between 
actual movement and visual movement show that active recali- 
bration of the visual and vestibular systems is an integral part of 
the mechanism underlying the classical movement after-effect. 

This work was supported by G977/865N from the MRC. 
L.R.H. is an Addison Wheeler Fellow in the University of 
Durham. 
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Fish grow throughout life’ and new neurones are added to the 
retina as the eyes increase in size’. As the retina expands, the 
density of cells decreases: ganglion cells, cones and cells in the 
inner nuclear layer are spaced further apart in retinas from 
larger (older) fish” “7>. In contrast, the density of rods increases 
during larval development and is then maintained approxi- 
mately constant as the adult eye grows’. Previous develop- 
mental studies, in which “H-thymidine was used to identify 
proliferating cells, revealed a germinal zone at the margin of the 
retina. The germinal cells divide to produce new retinal 
neurones which are added annularly at the perimeter of the 
growing retina**"°. A similar circumferential pattern of growth 
has been demonstrated in larval amphibians'***. These studies 
concluded that the retinal margin is the only site of neurogenesis 
in post-embryonic retinas. In contrast, our observations suggest 
that new rods originate from mitotic divisions of precursor cells 
which are interspersed among the nuclei of mature rods within 
the gone ay selective addition of rods throughout the retina 
could exp how the proportion of rods relative to other 
neurones ingreases as the retinas of fish grow’ *’. Preliminary 
reports of these experiments have appeared elsewhere’*””’. 
Juvenile and adult specimens of an African cichlid teleost fish 
(Haplochromis burtoni) and of common goldfish (Carassius 
auratus) were injected intraperitoneally with one or several 
doses of *H-thymidine. This metabolic precursor of DNA is 
incorporated exclusively into the nuclei of proliferating cells’®. 
Thus, in autoradiographs at short survival times the nuclei of 
dividing cells are labelled, and at longer survival times the label 
occurs in nuclei of differentiated cells, the progeny of those 
labelled earlier'’. In retinas examined autoradiographically 
after survival times of 1 day or less, label was observed in nuclei 
of dividing cells clustered in the circumferential germinal zone 
(Fig. 1). We expected this from previous descriptions of *H- 
thymidine labelling in retinas of fish**'°. In addition, however, 
we saw scattered labelled nuclei more centrally, within regions 
of the retina that had already differentiated. Some of these could 
be identified as glia (in the optic fibre and ganglion cell layers) 
and others were endothelial cells or other vascular elements. A 
few labelled nuclei in the inner nuclear layer could not be 
identified with certainty in these preparations. Labelled, non- 
neuronal nuclei were more prevalent in the retinal preparations 
from goldfish than in those from Haplochromis; we cannot 
explain this difference between the two species of fish. In both 
goldfish and Haplochromis, most of the labelled nuclei that were 
not in the circumferential growth zone were in the outer nuclear 
layer, a neural layer which contains neither glia nor vascular 
nuclei, but only the nuclei of photoreceptor cells (Fig. 1, inset). 
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Fig. 1 An autoradiograph of the retinal margin in a juvenile goldfish 
injected with *H-thymidine. This fish, which weighed 1.7 g, was injected 
intraperitoneally with 20 aCi per g *H-thymidine (104 Ci mmo! '). Four 
hours later it was anaesthetized and killed by cecapitation. The eyes were 
enucleated and fixed in buffered aldehydes. The tissue was embedded in 
methacrylate and meridional sections of the retina were prepared for 
autoradiography. Several nuclei in the germinai zone at the margin of the 
retina had incorporated the label and are covered by black silver grains (left 
arrow). In addition, there are two labelled nucleiin the outer nuclear layer of 
the retina (right arrow), The pigmented retinal epithelium (PRE) surrounds 
the neural retina. Scale bar, 50 um. Inset: three labelled nuclei in the outer 
nuclear layer of the same retina are shown at higher magnification. They all 
lie along one edge of the outer nuclear layer, at the border of the outer 
plexiform layer. Labelled nuclei in the youngest (peripheral!) retinal regions 
were often located along this edge, but those in more central regions were 
found at all levels within the outer nuclear layer. Small arrows indicate 
external limiting membrane. 


Many of the labelled nuclei in the outer nuclear layer were in 
peripheral regions of the retina, but in al! preparations, at least a 
few labelled nuclei were in the central retina as well, Cells with 
an ultrastructural appearance similar to that of the germinal cells 
at the margin have been described by one of us’® in electron 
micrographs of the outer nuclear layer of the peripheral retina in 
young goldfish. It is likely that these undifferentiated cells are 
the ones that were labelled by “H-thymidine at short survival 
times. 

Other retinas from both Haplochromis and goldfish were 
examined at longer survival times (weeks or months later). The 
progeny of the proliferating cells in the circumferential germinal 
zone had by then differentiated into neurones (Fig. 2). The 
labelled neurones produced at the margim remained clustered in 
an annulus, consistent with previous reports’”'”'*. As for the 
scattered labelled nuclei within the retina, those in the outer 
nuclear layer increased in number and persisted for several 
months, the longest survival time that we examined. These cells 
differentiated into rods as judged by the following cytological 
criteria: their nuclei were elongated, often spindle-shaped, 
dense and homogeneously stained, surrounded by little visible 
cytoplasm and located in the outer nuclear layer vitread to the 
external limiting membrane (Fig. 2, inset). These characteristics 
match previous descriptions of rods in teleost fish*’*’. Nuclei of 
rods were the only labelled neurones not confined to the 
circumferential growth zone. 

In general, dividing cells in the outer nuclear layer were easier 
to demonstrate in retinas from younger and rapidly growing fish. 
The cichlid, Haplochromis, was particularly useful for this study, 
because even adults could be induced to grow rapidly by appro- 
priate manipulation of environmental and social conditions”. 
Nevertheless, the numbers of labelled nuclei we observed in the 
outer nuclear layer varied greatly among individual fish at 
equivalent survival times, even when identical amounts of `H- 
thymidine were administered in multiple doses in an attempt to 
minimize variability due to leakage or a misplaced needle. 
Individual growth rates vary tremendously in fish’, and if the eye 
does not grow, the number of retinal cells does not increase*”. It 
is possible that the rate of neuronal addition is controlled at the 
level of mitotic activity in the retinal germinal cells, and thus the 
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Fig.2 An autoradiograph of the retina from a juvenile goldfish injected 20 
days previously with 30 Ci per g *H-thymidine (95 Ci mmol `’), adminis- 
tered in a series of six injections at &-h intervals. A narrow strip of retina 
adjacent to the margin contains labelled nuclei (large arrows) in all retinal 
layers. Only in the outer nuclear layer do labelled nuclei spread towards 
central retina (small arrows). PRE, pigmented retinal epithelium; BV, blood 
vessel. Scale bar, 50 um. Inset: two labelled nuclei in the outer nuclear layer 
are shown at higher magnification. They are cytologically indistinguishable 
from the surrounding nuclei of rods (R). The nuclei of cones (C), in contrast, 
are larger, paler and lie in a row at the level of the external limiting 
membrane (arrows). Nuclei of cones were never labelled, except in the 
circumferential growth zone. 


numbers of nuclei labelled by “H-thymidine in each retina may 
be related to the rate of growth of that fish. 

We have demonstrated that new rods originate from mitotic 
divisions of precursors whose nuclei reside in the outer nuclear 
layer. This insertion of new rods within differentiated retina is 
consistent with the previous observation that the density of these 
cells remains constant as the adult retina expands* ~. However, 
the present experiments did not indicate whether the numbers of 
new rods added were sufficient to counteract exactly the spread- 
ing of cells which accompanies retinal growth. Various other 
hypotheses have previously been proposed to explain the 
increment in number of rods during growth of the teleost retina. 
All require movement of cells, either from one retinal layer into 
another, or from the marginal germinal zone into central 
regions. For example, Lyall’ and Blaxter and colleagues** *° 
suggested that cells from the inner nuclear layer might be 
recruited by the outer nuclear layer and once there differentiate 
into rods. Another idea, first proposed by Bernard” in a study of 
retinal development in amphibians, and later revived by Lyall” 
to explain the accumulation of rods in retinas of larval trout, is 
that cones might be transformed into rods during development. 
In contrast to these other hypotheses, we suggest, very simply, 
that new rods are born where they are needed, within the outer 
nuclear layer throughout the retina. 

Previous autoradiographical studies of retinal growth have 
shown dispersed labelled nuclei not confined to the circum- 
ferential growth zone, especially in the outer nuclear layer, in 
goldfish (refs 5, 6 and C. Stürmer, personal communication) and 
in another cyprinid teleost related to goldfish”. Scholes'" 
suggested that these labelled nuclei were rods produced by 
mitotic divisions within the outer nuclear layer adjacent to the 
margin, whereas Johns’ concluded that new rods originated in 
the germinal zone at the margin but were subsequently displaced 
towards the central retina, in accord with Müller's? hypothesis. 
The present results are more consistent with Scholes’ inter- 
pretation, because many of the labelled nuclei that we saw in the 
outer nuclear layer were too far from the margin to have moved 
from the circumferential germinal zone within the alloted 
survival time of 24 h or less. 

We have not yet investigated the intriguing problem of why 
only rods are added to already differentiated regions and why 
they are kept at constant density as the retina grows. We 
speculate that this may be necessary to maintain constant visual 
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sensitivity, as the density of photopigment would thereby be 
preserved in all sizes of retinas. The cones, unlike the rods, do 
spread apart during growth, but this probably does not affect 
their function. Visual acuity is dependent on both the spacing of 
cones and the size of the retinal image", and the size of the 
image enlarges proportionally as the eye grows’’. Thus, even 
though the cones spread apart, the eye maintains an equivalent 
resolving power. We find no evidence that new cones are 
inserted into the growing retina in the way that rods are. 

This work was supported by grants EY 02284 and EY 03301. 

We thank Drs M. K. Powers, C. D. Gilbert and S. S. Easter for 
providing comments on earlier drafts of the manuscript. 
Note added in proof: Sandy and Blaxter*’ have recently reported 
that in retinas of larval herring and sole, rods are generated by 
dividing ‘basal’ cells located in the outer nuclear layer. One of us 
(P.R.J.) has found similar cells in retinas of larval goldfish*’. It 
would therefore appear that the genesis of rods in the adult 
teleost retina follows a pattern established during larval 
development. 
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Visual localization after rearrangement 
of retinotectal maps in fish 


D. P. M. Northmore 


Institute for Neuroscience, University of Delaware, Newark, 
Delaware 19711, USA 


In each lobe of the optic tectum, the primary visual centre of 
fishes, terminals of the optic nerve distribute themselves to form 
a precise visuotopic map of the visual field seen by the opposite 
eye'’. The tectum has an essential role in orienting a fish 
towards a food object before the fish seizes it**. Moreover, 
experiments involving selective lesions or focal stimulation of 
tectum suggest that the detection and localization of an object in 
space depend on the visuotopic map, and that the fish’s orienting 
response is directed by a ‘motor map’ in register with the 
visuotopic map* °. The relationship between the two maps has 
been studied here by taking advantage of the finding in goldfish 
that the removal of the caudal half of the tectum leads in time to 
the formation of a compressed but functional visuotopic 
map’"*"'. As behavioural orientation was found to be accurate 
despite compression, the putative motor map cannot be fixed 
anatomically in relation to the tectum. 
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To study the visual field defects and disturbances of orien- 
tation to visual stimuli caused by surgery, a behavioural peri- 
metry technique was developed for fish*. They were first trained 
with food rewards to swim to a patch of light (1 cm diameter) 
projected at one of eight positions on the walls of a circular tank 
(64 cm diameter). As the aim was to obtain ballistic orientation 
to the apparent stimulus position, the stimulus was flashed 
(125 ms duration) so as to be invisible by the time the fish started 
turning towards it. On each trial, a stimulus and a response angle 
were calculated from television pictures of the fish loaded every 
133 ms into the memory of a computer. The stimulus angle was 
the bearing of the stimulus flash, and the response angle was the 
bearing of the place on the wall of the tank to which the fish was 
oriented 0.8 s after the flash, both angles being computed with 
respect to the fish’s body axis and head position at the time of the 
stimulus flash. 

Of several species of fish tested, members of the sunfish family 
oriented most accurately and consistently®. Although the results 
described here were obtained from one 11-cm pumpkin seed 
sunfish (Lepomis gibbosus), they were qualitatively similar to 
those obtained from two other sunfish that were tested for nearly 
a year after surgery. 

After pretraining in the perimeter, the caudal half of the left 
tectum was ablated as a first step towards inducing compression 
of the retinotectal map. The behavioural data collected over the 
succeeding 13 days (Fig. 1a) revealed a failure to orient or 
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Fig.2 Results of mapping the visuotopic projection on the optic 
tectum of the sunfish whose behavioural data are shown in Fig. 1. 
The normal right tectum and the half-ablated left tectum are shown 
in plan view lying between the telencephalon and cerebellum. 
Electrophysiological mapping was done with eyes in air 421 days 
after crushing the right optic nerve. A microelectrode recorded 
multi-unit activity in the superficial layers of the tectum at the 
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Fig. 1 Orientation data from visuomotor perimetry performed on 
a sunfish at different stages during the reorganization of its retino- 
tectal connections. The graphs show the response angle (deg) 0.8 s 
after a stimulus flash as a function of the stimulus angle, each point 
representing the outcome of a single trial. The curves drawn 
through the points are running medians of response angle 
computed from a 30°-wide boxcar moved along the stimulus angle 
axis. The diagonal lines represent ideal responses (that is, stimulus 
angle = response angle) and the vertical lines separate left from 
right visual fields. a Shows all data collected after ablation of the 
caudal half of the left tectum, but before crushing the right optic 
nerve 13 days later. b-f Show orientation data collected at 
successive times after optic nerve crush, 





circled positions, The region of the visual fieid in which a hand-held 
black spot evoked neural activity at each electrode position was 
marked on a transparent hemisphere centred on the contralateral 
eye. From these field positions, the projection of certain meridia of 
visual space were plotted on the tectal surface. The lines labelled H 
are the projections of the horizontal meridia. The negative 
numbers label the projections of the vertical meridia in the left 
visual field from 30 to 150°. Meridia direct!y in front of (20°) and 
behind (+180°) the fish are not shown. The overall form of the 
normal projection was derived from other more complete mapping 
experiments, including those in ref. 2. Vertical meridia in the 
temporal half of the right field (> 90°) could not be plotted 
completely because of a disorderly projection. Note the 
pronounced compression of the nasal half cf the right field (< 90°) 
on the most anterior left tectum. 


respond in any observable way to stimuli in the temporal half of 
the right field which would normally map on the ablated half 
tectum. Orientation accuracy in the remainder of the field was 
normal, as shown by the close match vetween stimulus and 
response angles. (Curtailing vision in one field tends to produce 
a small but constant bias in orientation®, seen in Fig. 1 as the 
vertical displacement of data points from the diagonal 
representing ideal orientation.) The right optic nerve was next 
crushed in the orbit and Fig. 16 shows that orientation was 
abolished throughout the right field. Within 27-30 days of optic 
nerve crush, orientation to stimuli in the nasal half of the right 
field began to return, and within 31-33 days had recovered to 
roughly what it had been after tectal ab ation (Fig. 1c). There 
was then a gradual nasal-to-temporal recovery of responsive- 
ness (Fig. id) which was complete by ~80 days after nerve 
crush, although orientation in the temporal! half field was always 
inaccurate, even up to 420 days (Fig. If). In the nasal field, 
however, Orientation generally remained accurate, with no evi- 
dence of the consistent undershooting (shown by a reduced 
slope) that would be expected of a compressed retinotectal map 
overlaying a fixed motor map. On the contrary, this particular 
fish showed an episode of overshooting to stimuli in the nasal 
field (Fig. le). 

After collecting the behavioural data on this sunfish, the 
projections of both visual fields on its tectum were mapped 
electrophysiologically. The results have teen shown in Fig. 2 by 
plotting certain meridia of the visual fields on to the tectal 
surface. Thus, the horizontal meridian seen through the left eye 
projects to the normal, right tectum along the line marked H, 
with the vertical meridia at 30° intervals plotted as shown. There 
is an essentially uniform mapping on the normal sunfish tectum’. 
All electrode positions sampled on the partially ablated left 
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tectum were responsive to visual stimuli somewhere in the 
contralateral field. The nasal half of the right field (0Q-90°) was 
represented in an orderly, but highly compressed fashion on the 
most anterior third of the tectum, while the remainder of the 
tectum received a disorganized projection from the temporal 
half field. In the caudal tectum, some electrode positions yielded 
duplicated receptive field positions, and some receptive fields 
mapped tn reverse visuotopic order, making it impossible to plot 
the vertical meridia on the tectal surface. 

Although only the end result of retinotectal rearrangement 
has been mapped in this preparation, the history of its orien- 
tation behaviour and previous results from goldfish’? suggest 
the following sequence of events. Orientation in the nasal half 
field is quickly restored as the remaining tectum is fully 
innervated by fibres from the normally appropriate, temporal 
retina. The gradual recovery of responsiveness to temporal 
stimuli occurs as the caudal part of the tectal remnant is invaded 
by fibres from the nasal retina. However, in sunfish these foreign 
fibres project in a disorderly fashion, accounting for the inac- 
curacy of orientation in the temporal field. At the same time, the 
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map of the nasal field becomes compressed into the most rostral 
tectum while maintaining good visuotopic order. 

The behavioural findings, that accurate orientation can be 
performed using a greatly compressed representation of the 
nasal half field, and that ablation of the caudal half of the tectum 
does not permanently abolish the ability to orient to temporal 
stimuli argue strongly against the notion of a motor map fixed 
relative to the tectal surface. Instead, one must postulate a 
sensory-motor mapping of some plasticity, capable of accom- 
modating alterations in rectinotectal magnification. Normally, 
such an ability may be required to keep visuomotor behaviour 
appropriately calibrated, for during growth in fish, the visual 
field of each eye remains constant in extent'*, while projecting 
uniformly on an ever-growing tectum’*. The association 
between accuracy of orientation and orderliness of projection 
found in sunfish further suggests that the process of accom- 
modation is only effective where mapping is orderly, a condition 
that is evidently satisfied during the accretion of retinal and 
tectal cells in growth. 

This work was supported by a grant (EY 02697) from the 
National Eye Institute. 
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Tumour promoter phorbol-12- 
myristate-13-acetate induces 
chromosomal damage via indirect action 


Ingrid Emerit* & Peter A. Ceruttit 

*Laboratory of Experimental Cytogenetics, Institut Biomédical des 
Cordeliers, Université Pierre et Marie Curie, 15, Rue de Ecole de 
Médecine, Paris VI, France 

*+Department of Carcinogenesis, Swiss Institute for Experimental 
Cancer Research, CH-1066 Epalinges s./Lausanne, Switzerland 


The mouse skin tumour promoter phorbol-12-myristate-13- 
acetate (PMA) does not form covalent adducts with cellular 
DNA and its mutagenic potency in several systems is low or 
absent’. There have been conflicting reports of the capacity of 
PMA to produce sister chromatid exchanges (SCEs)***. As 
PMA induces the formation of superoxide radicals in poly- 
morphonuclear leukocytes and  mitogen-stimulated 
lymphocytes’""’, we suggested that it might produce DNA 
damage via indirect action by the formation of intermediate 
active oxygen species’*’’, As is typical for other DNA- 
damaging agents which mainly act indirectly, for example, ion- 
izing radiation, PMA would be expected to have low mutageni- 
city but high clastogenic (chromosome-breaking) activity’. In 
agreement with this, we report here that PMA, but not its 
weakly or non-promoting derivatives, induced chromosomal 
aberrations with high efficiency in phytohaemagglutinin (PH A)- 
stimulated human lymphocytes, but was only a weak producer of 
SCE. This activity was suppressed by superoxide dismutase, 
which catalyses the breakdown of superoxide radicals. 

We compared the clastogenic potencies of the strong 
promoter PMA, the weak promoter 4-O- methyl-PMA and the 
non-promoter phorbol on PHA-stimulated human lymphocytes 
from normal donors. Table 1 shows that the clastogenic activity 
of these compounds paralleled their effectiveness as promoters 
in the mouse skin system’”, PMA (10 ng ml“') induced many 
aberrations; 4-O- methyl-PMA induced a statistically significant 
increase in aberrations only at a dose of 1,000 ng mi~ (P< 
0.01); and phorbol was completely inactive. The frequencies of 
PMA-induced aberration increased in the range 1-100 ng ml"', 
but no simple dose-response relationship could be established. 
PMA was mitogenic in this dose range, as reported previously `’. 

Figure 1 shows two metaphase plates with a large number of 
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Table 1 Induction of chromosomal aberrations and polyploidization in 
human lymphocytes by PMA, 4-0- methyl-PMA and phorbol 


% Mitoses Aberrations 
Concentration with per 100 % Poly- 
(ng mi” ')* aberrations mitoses ploidization 
PMA 
1 (4) 13.02+5.29 14.0+6.1 6.0+2.1 
10 (7) 26.44 7.57 33.9+ 13.8 7s 351 
100 (11) 33.5+8.2t 44.2+12.9 18.545.2+ 
4-O- methyl-PMA 
100 (5) 10.4+5.9 11.6+6.1 0 
1,000 (5) 12.94 6.64 16.0+ 10.2 0.84 1.1 
Phorbol 
100 (5) 7.440.9 8.2+1.5 0 
1,000 (5) 7.84 3.9 7,843.9 0.84 1.8 
Acetone 0.1% (5) 7.24 8.6 8.0+7.4 L214 
Nil (15) STET 6.13.1 1.41.5 


PMA (two different lots), 4-O- methyl-PMA and phorbol (CCR, Inc., 
Eden Prairie, Minnesota) were dissolved in spectral grade acetone and 
stock solutions kept in liquid nitrogen. Appropriate aliquots of these 
stocks were added to whole blood or separated lymphocytes, which were 
cultured in Parker TC 199 medium (Flow, Zurich), supplemented with 
20% human serum at the time of PHA stimulation (PHA M- and P; 
Difco, Geneva). The maximal concentration of acetone was 0.1%. 
Mitoses were blocked with colchicine after 72 h and microscopy slides 
prepared for chromosomal analysis according to standard procedures**. 
Minimally, 50 mitoses were examined for each experimental point on 
coded slides. Mitoses with more than five aberrations were scored as 
fragmentations and counted only once. They represented 1.6% of the 
aberrations. Values are shown +s.d. 

*Values in parentheses give the number of independent experiments. 

+Significance, P < 0.001. 

Significance, P <.0.01. 


PMA-induced aberrations. In 1,000 consecutive mitoses of 72-h 
cultures, we observed 656 chromatid breaks, 140 chromatid 
gaps, 71 isochromatid breaks and 34 isochromatid gaps. In 
addition, acentric fragments, dots, double minutes, as well as 11 
tri- and quadriradial interchange figures were detected. The 
extent of breakage per metaphase figure varied widely from a 
single chromatid break to complete disintegration of the 
chromosomes. Atypical chromosomes were rare. Pulverization 
of chromosomes in diploid cells was detected in 1% of the 
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Fig. 1 Two examples of mitoses with numerous chromatid 

breaks, minute fragments and reunion figures. These ‘uncountable’ 

aberrations were scored as fragmentations and represent 1.6% of 
the total number of cells with aberrations. 


mitoses. Similar observations have been made previously in 
virus-infected cells'*, after radiation or chemically induced 
micronucleus formation’® and spontaneously in Fanconi’s 
anaemia and Bloom’s syndrome"’. 

PMA, but not its weakly or non-promoting derivatives, was a 
potent inducer of polyploidization in 72-h cultures (see Tables 1 
and 2). Almost all polyploid cells were tetraploid and many 
showed premature chromatin condensation (PCC). All three 
types of PCC were present: S-phase PCC with typical pulverized 
or fragmented appearance of the chromatin as well as G,- and 
G,-phase PCC with apparently intact chromosomes having an 
eroded or uncoiled appearance of one or both chromatids. In 
certain polyploids, G,-phase PCC with strongly elongated 
chromosomes showed banding patterns without the use of spe- 
cial banding techniques (and in the absence of bromodeoxy- 
uridine). 

As shown in Table 2 the aberration frequencies increased with 
duration of exposure to PMA from 4 to 72h. PMA was more 
effective when present during the second cell cycle (48-72 h 
after PHA stimulation) rather than the first (24-48 h after PHA 
stimulation), Lesions involving both chromatids were present at 
18.6% after 72 h but only 3.3% after 48 h exposure to PMA. A 
few aberrations of the chromatid type were also induced when 
PMA was present from only 44 to 48 h after PHA stimulation, 
suggesting that PMA did not have to be present during S phase 
to induce aberrations. Cu-Zn superoxide dismutase (SOD) 
strongly suppressed the clastogenic acitivity of PMA, indicating 
that superoxide radicals represent intermediates in the forma- 
tion of aberrations. Polyploidization was observed when PMA 
was present from 48 to 72h and seems to be a result of 
karyokinesis without cytokinesis, rather than cell fusion. Cyto- 
pathogenic changes including induction of polyploidy after 
PMA treatment had been noted earlier in certain lymphoblas- 
toid cell lines'*. The mitotic index in PMA-treated cultures was 
increased to 3.6-5.3% , relative to 2.9% in 48-h control cultures, 
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due to the mitogenic potency of PMA. SOD affected neither 
polyploidization nor the mitotic index. 

PMA was a weak inducer of SCEs in PHA-stimulated human 
lymphocytes. For the determination of SCE, bromodeoxy- 
uridine (5 ug ml ' final concentration) was added to the blood 
cultures, which were prepared as described in Table | legend. 
Differential staining of chromatids was achieved by the method 
of Wolff and Perry'’. The presence of 10 and 100 ng ml ' PMA 
during the 72-h culture period following PHA stimulation 
induced, respectively, 7.7+3.4 and 8.0+2.4 SCEs per mitosis 
relative to 5.2+2.2 SCEs per mitosis for untreated controls 
(significance, P<0.001; experimental procedures described 
elsewhere*’). As observed for aberrations, SOD suppressed the 
formation of SCEs. Sister chromatid differential staining was 
also used to analyse the effect of PMA on the cell cycle*'. At a 
concentration of 100 ng ml~' PMA had no major effect on the 
frequencies of cells in the first, second and third divisions (means 
determined 72h after PHA stimulation: 25, 59 and 16%, 
respectively) relative to control cultures (22, 57 and 21%) from 
the same donor. 

No increase in chromosomal aberrations was detected in 
earlier work on the induction by PMA of SCEs in Chinese 
hamster cells’. This could be due to the following: (1) the choice 
of a culture medium with a low content in radical scavengers is 
important for the maximal expression of chromosomal damage 
induced by indirect action”. (2) The pathways producing active 
oxygen species are particularly active in leukocytes. 

We are now considering the following mechanisms for the 
induction by PMA of chromosomal aberrations and SCEs. (1) 
The active oxygen species produced in response to PMA™™ 
induce DNA damage by themselves or they activate a 
component contained in the cell or the culture media to form a 
clastogenic factor (CF). The generation of O; radicals in the 
media of lymphocyte cultures by the xanthine—xanthine oxidase 
system or by the photoreduction of riboflavin has been shown to 
result in chromosomal aberrations*’. Further support for the 
formation of a CF by active oxygen species is derived from our 
work on the hereditary disease Bloom's syndrome (BS). A 
clastogenic factor was identified in the culture media of BS skin 
fibroblasts and in the serum of two BS patients; the activity of 
this factor could be suppressed by SOD””. (2) The burst of active 
oxygen species induced by PMA may induce endogenous viruses 
directly or by the intermediate formation of CFs. The induction 
of viruses by PMA is well documented ‘****** and it has been 
shown that PMA enhances the in vitro transformation of cells by 
adenovirus*’, Epstein Barr virus” and simian virus 40 (ref. 28). 
Both DNA and RNA viruses can induce chromosomal damage, 
cell fusion and PCC"®. This hypothesis presumes that lympho- 
cytes from normal donors contain PMA-inducible endogenous 
viruses, but there is no evidence for this at present. 

We thank Ms C. Cernajavski and Ms A. Lévy for technica! 
assistance. This work was supported by grant 3'305.78 from the 
Swiss NSF, a grant from the Swiss Association of Cigarette 
Manufacturers, CNRS grant ER 149 and grant U 155 from 
Institut National de la Santé et de la Recherche Médicale. 





Table 2 PMA-induced chromosomal aberrations and polyploidization 
as a function of exposure time 


Aberrations 
Exposure per 100 mitoses % Polyploidization 
to PMA* (h) -SOD +SOD -SOD + SOD 
44-48 10.7+5.8 4.7+1.2 0 0 
24-48 13.5+0.9 5.8+3.1 0 0 
0-48 22.0+6.0 8.5+6.1 0 0.7+ 1.2 
48-72 28.7+9.9 10.0+ 5.7 12.0+6.5 10.0+5.7 
0-72 33.6+9.9 12.8+5.6 17.6+6.8 16.825.8 





Experimental conditions were as described in Table | legend; values 
are means +s.d. of three experiments. Bovine Cu-Zn superoxide 
dismutase (SOD), a gift of Dr A. M. Michelson, was added to a final 
concentration of 50 ug ml~*. *PMA (100 ng ml‘) present during the 
indicated time after PHA stimulation. 
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Investigations of chromosomal variation in human cancer have 
shown that malignancy is not necessarily associated with kary- 
otypic aberration (for example, 30% of acute lymphoblastic 
leukaemias show no obvious changes') and that the vast 
majority of alterations that do occur are of a random nature*”. 
Only a few consistent chromosomal aberrations have been 
cytologically associated with human cancer, most notable of 
which are the Philadelphia translocation of chronic myelocytic 
leukaemia‘, a deletion in chromosome 11 in Wilm’s tumour“ 
and a deletion in chromosome 13 in ~2% of retinoblastomas”. It 
is known that highly repetitive DNA is diminished after serial 
passage of human diploid fibroblasts in culture’ and it is not 
unreasonable to suggest that loss or redistribution of genetic 
material could occur generally in neoplastic tissues, as proli- 
ferating tumour cells might be subjected to similar selective 
pressures. Here we show that, in human gastrointestinal 
carcinomas, the overall degeneration of DNA sequence 
organization as suggested by almost all cytogenetic evidence is 
not random and that unstable regions of the genome can be 
clearly distinguished from others that remain highly conserved 
even in advanced states of neeplasia. Quantitative assessment of 
such data could form the basis of an assay for early malignant 
transformation in gut and other human tissues. 

Visual scanning of EcoRI-digested human DNA, separated 
by electrophoresis in an agarose gel (Fig. 1), reveals several 
discrete bands of reiterated DNA, the most prominent of which 
are the 340- and 680-base pair (bp) satellites’. However, there 
are other reiterated fragments which are largely obscured due to 
intense overall staining in the higher molecular-weight regions 
of the gel. To isolate individual DNA fragments from these 
higher molecular-weight regions, we excised two discrete bands 
of EcoRI-digested DNA ~14 and 50 kilobases (kb) long 
(Fig. 1A) and further digested these with the restriction 
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endonuclease Sau3A*. On cloning the smaller fragments in the 
plasmid vector PAT 153 (ref. 9), we found that about 25% of the 
recombinants produced an intense autoradiographic signal in an 
assay of colony hybridization to *’P-labelled total human 
genomic DNA‘'®:!! (Fig. 2B). When DNAs from these recom- 
binants were used as hybridization probes in blot transfers of 
EcoRI digests of human g genomic DNA, they produced intense 
overall autoradiographic smearing and no specific signals were 
detected (not shown). We conclude that these recombinants 
contain inverted repeats, the so-called middle repetitive fraction 
of human DNA some 200,000 of which form reiterated units 
widely dispersed throughout the genome’* 

The rest of the recombinant colonies gave faint signals, some 
(arrow, Fig. 1B) arguably more intense than others. These were 
picked, propagated in small batches and pooled in groups of 100 
to maximize the possibility of selecting plasmids carrying minor 
reiterated components that did not produce obvious signals in 
the colony hybridization to total genomic DNA. As predicted 
from the map (Fig. 2B), the lower molecular-weight DNA 
fragment of plasmid PAT 153 disappeared completely as a result 
of the integration of 100 randomly sized pieces of human DNA. 
After excision from the gel of the higher molecular-weight 
PAT153 fragment, recombinant human DNA was electro- 
phoretically eluted, radiolabelled with `P by nick translation”? 
and used as a hybridization probe in blot transfers of EcoRI 
digests of normal and malignant DNA. 
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Fig. 1 Construction of recombinant plasmids carrying sequences 
derived from 14- and 50-kb EcoRI fragments of human DNA. 
DNA was purified from human fetal liver and digested to 
completion with EcoRI restriction endonuclease, separated by 
electrophoresis on a 1% (w/v) agarose slab gel in a Tris/acetate 
buffer system and two discrete bands of DNA corresponding to 
~14 and 50 kb (by reference to AgtWES phage markers) were 
excized, electrophoretically eluted and further digested with 
Sau3A*. Conditions were chosen so as to produce partial digestion. 
An electrophoretic separation of these DNAs in the above condi- 
tions is shown in A. Lane 1, EcoRI fragments of human fetal liver 
DNA; lane 2, 50-kb EcoRI fragment; lane 3, partial Sau3A digest 
of 50-kb EcoRI fragment; lane 4, 14-kb EcoRI fragment; lane 5, 
partial Sau3A digest of 14-kb EcoRI fragment. The partial Sau3A 
digests of the 14- and 50-kb EcoRI fragments were ligated 
separately in to the BamHI site of the plasmid vector PAT 153 (ref. 
9). Before this, the linear plasmid was treated with bacterial 
alkaline phosphatase to eliminate parental recombinants'”. After 
transformation of E. coli Hb101, recombinant colonies were 
streaked on to nitrocellulose and hybridized in situ to **P-labelled 
nick-translated total human genomic DNA (specific activity 5 » 
10° c.p.m. ug '). The conditions of hybridization are described in 
Fig. 3 legend. After overnight incubation, hybridization filters were 
washed at 65 °C in 1 x SSC and then extensively in 0.1 x SSC. After 
exposure for 72h, ~25% of colonies produced a distinct 
autoradiographic signal (B). Those not showing evidence of 
hybridization or giving only weak signals (arrow) were picked and 
grown to saturation in 10-ml! batches. Cultures were pooled in 
groups of 100 and purified by CsCl banding and sedimentation in 
sucrose gradients (5-20% w/v). 
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Fig. 2 Analysis of recombinant plasmids on agarose gels. A, 
wild-type plasmid PAT153 (ref. 9) (lane 1) and recombinant 
plasmids each containing 100 individual Sau3A fragments from 
either the 14- or 50-kb EcoRI fragment of fetal liver DNA (lanes 2 
and 3) were purified by equilibrium centrifugation in caesium 
chloride, sedimented in sucrose gradients (5—20% w/v) and diges- 
ted with a mixture of EcoRI and Sall restriction endonucleases. 
The plasmid fragment containing the site of integration of human 
DNA (arrow) disappeared in recombinants. The higher- 
molecular-weight PATI53 DNA fragment was excized and the 
remaining DNA electrophoretically eluted from the agarose and 
used in hybridizations to normal and neoplastic DNAs. B, physical 
map of plasmid PAT153 (ref. 9) showing origin of the two frag- 
ments produced by digestion with EcoRI and Sall restriction 
nucleases, and the site of integration of recombinant human DNA 
(arrow). 


Malignant and histologically normal adjacent gut mucosal 
tissues were removed from five individuals. having gastro- 
intestinal carcinomas. The DNA was digested with EcoRI 
restriction endonuclease, separated by electrophoresis in 
agarose slab gels (1% w/v), then blot-transferred and hybri- 
dized to **P-labelled probes prepared as above, derived from 
either the 14- or 50-kb EcoRI region of human DNA. The 
autoradiographs were developed for 24 h, then three of the four 
probes used—two from the 14-kb region and one from the 
50-kb region produced signals that were almost identical. The 
patterns produced by one of the 14-kb-derived probes are 
shown in Figs 3A—D and 4A. In all cases a small number of 
intense, well defined signals were obtained. Band a of tumours 
T20, T22, T23 and T25 migrated at the same rate as a 14-kbA 
phage marker and may be due either to the combined hybri- 
dization signal from the single-copy sequences in the probe, 
most of which would be expected to hybridize over this region, 
or toa reiterated component in the probe. We do not distinguish 
between these possibilities as they bear little significance in the 
interpretation of the data. The remaining signals were not 
caused by a single-copy human DNA fragments, as similar 
patterns were observed using different probes. 

Tumours T20 and T22 (Fig. 3A, B), both moderately 
differentiated carcinomas of the sigmoid colon, produced very 
similar hybridization patterns, although band f in T22 was more 
intense than its counterpart in T20. Band a was reduced in both 
cases and bands b and f were almost absent in neoplastic DNAs. 
The weaker signal from band c was only partially reduced and 
bands d and e were reduced or absent in the tumours. Several 
vague bands were detected between bands b and c in mucosal 
samples, and band b itself seemed to be a composite of two 
hybridization signals. A diffuse area of hybridization occurred in 
T22 which migrated slightly faster than band b. This area was not 
present when other probes were used. 

In T23 (Fig. 3C), an invasive carcinoma of the stomach, band 
a was reduced in intensity and bands b, c and d were almost 
undetectable. Band e in T23, which migrated at the same rate as 
band d in T20 and T22, was not reduced. Two additional faster 
moving bands, f and g, were either reduced or absent. 

In C26 (Fig. 3D), a moderately differentiated invasive 
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carcinoma of the rectum, bands a, e, h andi were almost totally 
lost whereas bands b, c, d, f and g were essentially unaffected. In 
contrast to these observations, no differences could be detected 
between normal and neoplastic DNAs from T25, a carcinoma of 
the colon. Two major autoradiographic bands were observed 
which were similar to the pattern produced by two DNAs 
purified from the heart and lung of a human fetus (Fig. 4A). The 
smaller of the two bands migrated more slowly in fetal tissue. 

The remaining 50-kb-derived probe produced a simpler 
pattern (see Fig. 4B); using this probe, only two major hybri- 
dization signals were obtained for all tumours. The first (band a) 
was at the top of the spread of EcoRI fragments and over the 
50-kb region. These signals were probably due to the combined 
hybridization of single-copy sequences specific for the 50-kb 
EcoRI region, but again we do not exclude the possibility that a 
reiterated component of the probe may have been responsible. 
Band b has so far been detected, essentially undiminished, in all 
tumours. It corresponds to band c in T20 and T22, band e in 
T23, band c in C26 and band b in T25. We conclude that this 
probe contains a DNA sequence that is capable of recognizing 
the above bands, but sequences specific for the additional bands 
recognized by the other probes are absent. 

Analysis of the major EcoRI satellite bands in the same 
malignancies revealed no obvious quantitative changes (Fig. 
3E). We do not, of course, exclude the possibility that changes 
could occur in other neoplasms. 

Few molecular studies on genomic stability have been carried 
out on tumorigenic DNAs and none on the common human 
malignancies such as those described here. However, our results 
clearly demonstrate that consistent molecular genetic variation 
underlies the apparently random degeneration uniformly 
detected at the chromosomal level in advanced human 
carcinomas. The overall tendency for certain hybridization 
signals to disappear is almost certainly not due to loss of specific 
chromosomes, as hyperdiploidy and/or pseudodiploidy prevail 
in almost all advanced cases'*. Loss of signals may reflect either 
the loss of the DNA sequences concerned, or their relocation to 
different sites within the genome. 

Several of the tumours, T25 and C26 in particular, produced 
an autoradiographic smear towards the top of the gel when 
Escherichia coli Hb101 DNA alone was used as a probe (not 
shown). Arguably, such smearing could overlie defined 
autoradiographic bands caused by sequence homologies 
between E. coli and human genomic DNA, which could have 
been enhanced in these experiments due to selective co- 
purification of specific coliform DNA fragments with fragments 
of human DNA after Sal/EcoRI digestion and electrophoretic 
separation. However, of the four pooled probes used, only three 
produced the defined signals observed in Fig. 3. With a fourth 
probe, derived from the 50-kb region (Fig. 4B), only one band 
common to the other three was observed. It therefore seems 
unlikely that residual levels of contaminating coliform DNA, 
common to all probes, produced the signals in question. We 
conclude that the autoradiographic smearing observed for some 
tumour specimens when Hb101 DNA alone was used as probe, 
was due to coliform contamination of these samples. 

As the genomic changes observed in these experiments have 
been detected by comparison of normal tissues and those in 
advanced states of neoplasia, the question arises as to how early 
they start to occur and whether they are generally associated 
with cancer in man. Many non-heritable cancers of the type 
investigated here, together with the dominantly inherited fami- 
lial polyposis syndromes which predispose the individual 
to gastrointestinal carcinoma, are oftem preceded by the 
development of alimentary polyps'’*. Various cytogenetic 
studies performed on these pre-malignancies have shown that 
chromosomal aberrations are generally slight'*'’. Comparison 
of DNA changes in tissues such as these should ultimately reveal 
whether the changes observed here are characteristic of pre- 
malignancy. 

In those cases where hybridization signals completely disap- 
pear, essentially all the cells in the tumour have undergone the 
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Fig. 3 Autoradiographic signals from 
normal and malignant DNAs. DNA was | 
purified from four malignant gut 
carcinomas and from adjacent histo- | | 
logically normal gut mucosal tissues. 20- 
ug samples were digested to completion 
with EcoRI restriction endonuclease and 
separated by electrophoresis on a 1% 
agarose slab gel. DNA was blot-transfer- 
red on to nitrocellulose according to the 
method of Southern'’* (with minor 
modifications) and hybridized with *’P- 
labelled nick-translated recombinant 
DNA (~5x10%c.p.m.pg') derived 
either from the 14- or 50-kb regions 
(Fig. 2). The reaction mixtures contained 
50% formamide, 5 x SSC, 1 x Denhardt's 
solution and 10% dextran sulphate and 
reactions were carried out at 42 °C, After 
overnight incubation, the nitrocellulose 
filters were washed in 1 x SSC, 0.5% SDS, 
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then extensively in 0.1 x SSC at 65 °C. After exposure for 24 h, autoradiographs were visually scanned and photographed (A, T20; B, T22; C, T23; D, C26). Arrows 
on the densitometric scans indicate the approximate positions of 14- and 7-kb phage markers. In a separate experiment (E), an EcoRI restriction enzyme digest of 
human fetal liver DNA was separated by electrophoresis in a 1% agarose slab gel and the major 680-bp satellite band’ excized from the gel and redigested with 
restriction endonuclease Hincll. (For location of satellite band, see arrow in lane 1 of Fig. 1A.) After electrophoresis in a 1.5% agarose slab gel the prominent satellite 
fragment was excized, electrophoretically eluted and labelled with **P by nick translation. Malignant and normal mucosal DNAs were digested with EcoRI, separated 
by electrophoresis in a 1% agarose slab gel, blot-transferred and hybridized to **P-labelled satellite DNA probe. The pattern produced by tumour T23 and its normal 


mucosum is shown in E. 
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Fig. 4 Autoradiographic signals from normal and malignant 
DNAs. A, lanes | and 2 are signals obtained using the 14-kb- 
derived probe of Fig. 3, from heart and lung tissue of the same 
fetus. Lanes 3 and 4 are signals, using the same probe, from tumour 
T25 and adjacent normal mucosum, respectively. Arrows indicate 
the positions of 7- and 14-kb phage markers. B, lanes 1 and 2 are 
signals obtained using the 50-kb-derived probe from tumour C26 
and normal mucosal tissue, respectively. Arrows indicate origin of 
the DNA spread (=50 kb) and the position of a 7-kb phage marker. 


same consistent change. If similar changes occur in malignancies 
of the haematopoietic system, and if they are as extensive as 
those already identified in gastrointestinal carcinomas, then it 
seems a quantitative molecular genetic means exists for the 
assessment of malignant cells during therapy of the acute 
leukaemias and other myeloproliferative disorders. 
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The genetic information for various distinct immune functions in 
mice can be assigned to one or more subregions of the J region, 
which is located within the major histocompatibility complex of 
chromosome 17 (refs 1, 2). Cell-surface antigens encoded by 
genes which map within the J region are referred to as la 
antigens? and appear predominantly on B cells, monocytes and 
certain classes of macrophage, and have been described on 
endothelia and mitogen-stimulated T cells*. la antigens are also 
expressed on thymic epithelium“ and epithelia of lactating 
breast® and malignant melanoma cells in culture’. Ia antigen is 
known to occur in the epidermis but its precise location has been 
controversial; available evidence has suggested that the la 
antigen is restricted to the Langerhans cell“. Here we show that 
it appears in keratinocytes in graft-versus-host disease. 

Graft-versus-host disease was induced in 6-week-old male 
(PVG x PVG RT") F, hybrid rats, which had been subjected 
to whole-body irradiation (450rad) 24h previously, by 
injection of thoracic duct lymphocytes from adult male PVG/c 
rats. Three doses of lymphocyte (25 x 10°, 50x 10° and 100 x 
10°) were given to three groups of rats. Those animals which had 
received 10010° lymphocytes were killed 16 days after 
injection; the other two groups were killed on day 20. All rats 
which had been given lymphocytes of the parental strain showed 
clinical signs of graft-versus-host disease”. Paraffin histological 
sections confirmed this; there was lymphoid infiltration of the 
epidermis and dermis, degeneration of the epidermal basal cells 
and dyskeratotic cells in the epidermis—all features charac- 
teristic of graft-versus-host disease”. 

Frozen sections of skin from normal rats and those suffering 
from graft-versus-host disease were stained with mouse mono- 
clonal anti-rat Ia antiserum MRC OX 6 (see refs 10, 11 and Fig. 
1 legend) and with rabbit anti-rat Ia antiserum. In normal rat 
skin, staining by both anti-Ia antisera was confined to dendritic 
cells in the dermis, dendritic cells present in the epidermis in a 
suprabasilar position (presumably Langerhans cells) and in the 
endothelia of small blood vessels. The keratinocytes of the 
epidermis and hair follicles were negative. In the skins of all rats 
suffering from graft-versus-host disease, staining was seen in the 
epidermal keratinocytes, in the basal two or three layers of the 
epidermis and hair follicles (Fig. 1). Staining was strongest in the 
periphery of the cells, but was also present within the cytoplasm. 
In most specimens the entire length of the epidermis was 
stained; in others, staining was focal. 

The effect of graft-versus-host disease on the la antigen- 
positive dendritic cells in the epidermis and dermis was variable. 
In four rats there were no la antigen-containing dendritic cells in 
the epidermis and in four others there were very few. In three 
rats the numbers of Ia antigen-positive dendritic cells in the 
dermis seemed to be increased, with apparent straddling of cells 
between the dermis and epidermis. In one rat the number of 
these cells in the dermis appeared normal and in four the 
numbers were reduced. In another rat, large numbers of Ia 
antigen-positive cells were seen in the panniculus carnosus. The 
cells staining in the epidermis are those regularly damaged in 
graft-versus-host disease, that is, the basal layers”, and the focal 
nature of the staining in certain specimens corresponds to the 
histological evidence of focal damage'*. We considered whether 
the staining reaction was a non-specific phenomenon due to 
adherence of serum to damaged cells but discounted this 
explanation as negative results were obtained with non-specific 
mouse monoclonal and normal rabbit serum. 
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Fig. 1 Fluorescent staining of the epidermal keratinocytes in the 
skin of a rat suffering from graft-versus-host disease. Note the 
staining of the hair follicle. Samples of skin were mounted in OCT 
(Ames) on a cork disk and snap-frozen in Arcton 12 (ICI) pre- 
cooled in liquid nitrogen. Samples were stored in liquid nitrogen 
Other samples of skin were fixed in formalin and processed with 
paraffin for sectioning and staining with haematoxylin and eosin 
Frozen sections were cut in a cryostat microtome, mounted on to 
glass slides, allowed to air dry and fixed in absolute ethanol for 
5 min. After evaporation of the ethanol, the sections were stained 
with the following anti-la antisera. (1) Mouse monoclonal anti-rat 
la, MRC OX 6 (refs 10, 11; Sera-Labs, UK). This antibody is the 
product of a fusion between P3-NSI/1-Ag4-1 mouse myeloma 
cells and spleen cells from a BALB/c mouse immunized with rat la 
glycoprotein. The antibody binds to Ia antigens from all strains of 
rats tested. It binds to rat lymphocytes and 20% of thymocytes, but 
not to peripheral T lymphocytes. This serum was diluted in phos- 
phate-buffered saline (PBS) to an immunoglobulin concentration 
of 0.1 mg ml’ and incubated with the sections for 30 min. After 
washing, staining with monoclonal antibody was detected using 
FITC-conjugated goat anti-mouse antiserum (Miles). (2) Rabbit 
anti-rat Ia antiserum (given by Dr K. Welsh) was diluted 1/20 in 
PBS and sections incubated with the diluted serum as in (1) 
Staining due to the rabbit antiserum was detected with FITC- 
conjugated goat and anti-rabbit IgG (Northwest Biomedical). In 
(1) and (2), after washing in PBS the sections were mounted in 
PBS-glycerol and examined using a Leitz Ortholux UV micro- 
scope with epi-illumination. Control sera consisted of non-specific 
rabbit antiserum and non-specific mouse monoclonal antiserum 


The de novo appearance of an antigen on a cell surface raises 
the question of whether the antigen was synthesized by that cell 
or passively acquired from other cells, for example from the 
dendritic Ia-positive cells. No firm conclusion can be made from 
our results; however, the appearance of the antigen within the 
cytoplasm of ‘fhe cell makes it probable that the antigen was 
synthesized by the keratinocytes themselves. 

These findings are in conflict with other reports that la antigen 
in the epidermis is confined to the Langerhans cell” but are 
consistent with a recent study using chicken anti-human la 
antiserum in which la antigen in epidermal keratinocytes was 
seen in two of nine cases of human graft-versus-host disease 
(1.A.L., A.J.S., A. Thomas and G. Janossy, in preparation). It is 
unlikely that binding of the anti-la antiserum to the keratino- 
cytes was due to cross-reactivity as the phenomenon has been 
described in two species for three different sera. 

Other tissues can acquire la antigen. Normal breast epi- 
thelium is negative, whereas lactating breast is positive’; human 
melanoma cells acquire the antigen in culture’. The thymic 
epithelium, like the epidermis, is a form of stratified squamous 
epithelium and is positive for Ia antigen except in the case of the 
rudimentary embryonic thymus in immune-deficient nude 
mice'*. The significance of these observations may become 
clearer when skin has been examined in a wide variety of 
reactions. 

The Ia antigen staining of keratinocytes is unlikely to indicate 
a proliferation antigen, because there is a continuous process of 
proliferation and differentiation in the normal epidermis, which 
is negative. It is also unlikely that it is merely a response to 
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damage because Ia antigen is expressed in thymic epithelial cells 
in the absence of any signs of damage. It may be a response to 
lymphokine release by locally stimulated lymphocytes—this is 
supported by the finding of Ia antigen in keratinocytes in 
dermatoses in man (A. Thomas, personal communication). 
Antigens coded for by the I region of the major histocom- 
patibility complex are potent stimulator antigens in graft- 
versus-host reactions and in mixed lymphocyte reactions'*. The 
expression of significantly increased amounts of Ia antigen on 
keratinocytes during systemic graft-versus-host reaction may in 
part explain why the skin is a major target organ in graft-versus- 
host disease. 
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Ia antigens are polymorphic membrane-bound glycoproteins 
coded for by genes of the major histocompatibility complex. It 
has been shown that these genes are linked to Ir (immune 
response) genes that determine the level of antibody responses 
made by an individual to specific antigens’. For this reason, and 
because of the requirement for I-region identity between 
antigen-presenting cells and T cells for their effective inter- 
action’, la antigens are thought to play a part in antigen recog- 
nition by the immune system and it has been suggested that the 
Ia antigens are products of the Ir genes’. In general the tissue 
distribution of Ia antigens is consistent with this view as they 
have been shown to be present on B cells, activated T cells and 
macrophages? and on cells other than lymphocytes in spleen, 
lymph node and thymus**. However, it has been shown that Ia 
antigens are also present on epithelial cells of the gut, kidney, 
bronchi®’ and mammary gland”. The significance of la antigens 
in tissues of nonimmune function is not understood. However, it 
is clear that Ia expression shows some lability in that macro- 
phages’, T cells’ and mammary gland” may all change from 
expressing little or no Ia to being strongly Ia-positive when 
appropriately stimulated. Here we show that when a systemic 
graft-versus-host response is induced in rats, the epidermal layer 
of the skin and the epithelium of the small and large intestine 
express large amounts of Ia antigen. 

When thoracic duct lymphocytes of parental strain are 
injected intravenously into sublethally irradiated F, hybrid 
recipient rats, T cells in the donor inoculum are stimulated by 
the alloantigens present in the host. Because the F, recipient is 
genetically tolerant of the injected cells there is no concomitant 
reaction of the host against the injected cells. In such circum- 
stances graft-versus-host disease is induced and proves fatal 


when as few as 3.5 x 10° cells are injected. In our experiments, 
5 x 10’ parental thoracic duct lymphocytes from HO(RT1°‘) rats 
were injected into F, hybrid rats derived from crossing HO with 
either DA(RT1*) or HO.B2 (RT1") inbred strains. The F, 
hybrid recipient rats were irradiated with a ‘*’Cs source (450 
rad) a few hours before injection of parental cells. Control rats 
(littermates of the experimental groups) were irradiated at the 
same time but were injected with medium alone. The recipients 
of parental lymphocytes continued to gain weight and remained 
healthy for the first 9-10 days. After this time their skin 
developed a generalized erythema best seen in the ears and 
paws. This erythema increased for a further 2-3 days and then 
began to fade. The rats then began to lose weight and died in 
~ 24 days. The control rats remained in good health and showed 
no skin changes. Tissues for the preparation of frozen sections 
were taken at day 0, that is, the day of injection, and also at days 
10-12 when the skin erythema of the experimental rats was well 
developed. 

Three monoclonal mouse anti-rat Ia antibodies, MRC OX 4, 
MRC OX 6 and MRC OX 17, were used to detect Ia antigen in 
the frozen sections by an indirect immunoperoxidase technique. 
MRC OX 4 and MRC OX 6 recognize the rat homologue of 
mouse I-A antigens’? and MRC OX 17 the homologue of I-E”’, 
based on the findings that MRC OX 4 and MRC OX 6 cross- 
react with murine antigens that map to the I-A region and that 
rabbit antibodies to the rat Ia glycoprotein purified with MRC 
OX 17 antibody bind to mouse antigens which map, in recom- 
binant strains, to I-E. 

Figure la, b shows that the epidermis of the F, recipient of 
parental strain lymphocytes is strongly Ia-positive whereas that 
of the control rat, injected with medium alone, is Ia-negative. 
Because an identical result was obtained using MRC OX 17 
antibody instead of MRC OX 6 we conclude that the rat 
homologues of both murine I-E and murine I-A are expressed 
in the epidermis of the rat receiving parental cells. Occasional 
la-positive cells were observed in the epidermis of control 
animals and are presumably Langerhans cells’*. None of the 
skin sections taken on day 0 showed the generalized presence of 
la antigen in the epidermis, nor were any sections stained when a 
monoclonal anti-HLA (histocompatibility antigen) antibody 
that does not react with rat tissues was used (Fig. 1c). Figure 
ld, e shows the marked increase in the level of expression of Ia 
antigen in the epithelium of small intestine of the rat undergoing 
graft-versus-host disease. Note that la antigen is present in small 
amounts in the epithelial cells covering the villi of the small 
intestine of normal rats’* but is undetectable in the epithelium of 
the crypts of Lieberkthn. In contrast, as Fig. 1 shows, the crypt 
epithelium in the F, recipient of parental lymphocytes is strongly 
la-positive and the level of expression in the epithelium covering 
the villi is much increased. When frozen sections of large 
intestine were examined the results were similar to those 
obtained in the small intestine; the intestinal epithelium became 
la-positive in rats undergoing graft-versus-host disease (data 
not shown). 

In view of the heavy labelling with monoclonal antibodies, it is 
unlikely that the Ia antigen observed is synthesized other than by 
the cells in which it is found. This is particularly so in the skin 
where there are few Ia-positive cells other than those found in 
the epidermis itself. From the uniformity of staining over 
individual cells and the fact that the frozen sections were thinner 
than the diameter of the Ia-positive cells there can be little doubt 
that most of the antigen detected is intracellular. It was not 
possible to determine from an examination of the stained 
sections whether or not some of the antigen was also present on 
the cell membrane. 

The functional significance of these results is obscure. Ia 
expression can occur on cells that are not normally considered 
part of the immune system“’; our observations agree with this 
conclusion. These results raise the question of the function of Ia 
antigens and whether they have one or more roles’. The expres- 
sion of Ia in the skin and gut during graft-versus-host disease 
seems to be a result of the recognition of alloantigen by the 
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Fig.1 Localization of la antigen by an immunoperoxidase technique in epidermis and gut of rats undergoing graft-versus-host disease. a, Localization of la antigen 
on a cryostat section of an ear from a (HO x DA)F, rat 10 days after induction of graft-versus-host disease, showing strong staining for Ia antigen in the epidermis. b, 
Control (HO x DA)F, rat that had been injected with medium alone, showing complete lack of staining for Ia antigen in the epidermis. c, A section cut from the same 
block as that shown in a but stained with a control monoclonal anti- HLA antibody that does not react with rat tissue. Note that the keratin and cell nuclei are stained 
by the haematoxylin as in b but that the hair follicle and epidermal cells, in contrast to those in a, have not been labelled by the peroxidase reagent. d, Cryostat section 
of the small intestine of a (HO x HO.B2)F, rat 12 days after induction of graft-versus-host disease, showing strong staining for La antigen in the lamina propria and in 
the epithelium of the villi and crypts. e, Control (HO x HO.B2)F, rat that had been injected with medium alone, showing strong staining for la antigen in the lamina 
propria only. f, A section from the same block as that of d but stained with the control anti- HLA antibody. Graft-versus-host disease was induced in sublethally 
irradiated F, recipient rats by the injection of parental strain thoracic duct lymphocytes (see text for details}. On the day of injection (day 0) or on days 10-12 the tps of 
the ears and short lengths of small and large intestine were taken and used to prepare S-ym cryostat sections for the localization of la antigen by an indirect 
immunoperoxidase technique’. Briefly, the sections were fixed in ethanol, washed, incubated with monoclonal antibody, washed again and then incubated with 
peroxidase-labelled rabbit F(ab’), anti-mouse IgG. After washing, the presence of peroxidase was revealed by incubation at room temperature with 3,3 diaminoben- 
zidine-HCl. To reduce nonspecific binding of the antibodies to sections of skin to negligible levels, the monoclonal antibodies (tissue culture supernatants) were 
diluted 1 : 3 with phosphate-buffered saline containing 10% bovine serum albumin and 10% normal rat serum. The same diluent was used for the peroxidase-labelled 
rabbit F(ab’), anti-mouse IgG reagent except that the saline concentration was increased from 0.16 M to 0.35 M 


injected parental T cells. If it is the case that the recognition in 
these sites of more naturally occurring antigens by the T cells of a 
normal animal is also accompanied by Ia expression, then an 
immunological role for this expression may be anticipated. As 
the skin and intestinal epithelium are potential sites of entry of 
antigen (bronchial mucosa of rats undergoing graft-versus-host 
disease has not been examined for the presence of Ia antigen) it 
may be that the expression of Ia is an indication that, during 
antigen recognition, the epidermal cells of the skin and the 
epithelial cells of the gut take on an antigen-presenting or 
processing function. On the basis of this hypothesis, the 
presence of Ia on lactating mammary gland epithelium” might be 
regarded as prophylaxis against mastitis. 

The observation that the epidermis and the epithelium of the 
small and large intestine express Ia antigen during graft-versus- 
host disease is of theoretical and practical significance. Graft- 
versus-host disease is not a pathological condition that arises 
outside the laboratory or hospital and it seems probable that the 
induction of synthesis of la antigen in these sites is not restricted 
to this disease. Expression of epidermal Ia has been reported for 
graft-versus-host disease in man (see accompanying paper’*) 
and it would be of interest to determine whether local expression 
of Ia also occurs in chronic inflammatory or autoimmune dis- 
eases involving the skin or gut. In any event, the finding of an 
association between a disease and the induction of expression of 
la antigen in cells that are normally Ia-negative is likely to prove 
of diagnostic value. . 

We thank Alan Williams for data on monoclonal antibody 
MRC OX 17, Steve Simmonds for technical assistance and Chris 
Scott for typing the manuscript. 
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The bone marrow of adult mammals contains a reservoir of cells 
capable of undergoing thymic maturation to T lymphocytes’. 
These ‘pre-thymic’ cells represent a subpopulation of bone 
marrow cells and have been characterized by their ability to 
repopulate the thymus of irradiated hosts’, by their expression 
of thymic markers following exposure in vitro to various thymic 
inducer polypeptides such as thymopoietin’ and by their 
capacity to augment the response of mature T cells to mitogens’. 
The relationship between thymus-homing cells and ‘pre-thymic’ 
cells capable of expressing thymic surface marker and/or T-cell 
function has been difficult to establish because of the long assay 
interval in thymus-homing experiments’’. We have now 
developed an in vivo assay for the study of thymic homing and 
early differentiation of direct fluorescence-labelled* bone mar- 
row cells injected into irradiated mice. Our results show that (1) 
the observed migration is not random but specific, (2) the 
number of migrants is proportional to the number of input cells, 
(3) the thymus-homing bone marrow cells are not susceptible to 
prior in vitro treatment with anti-Thy-1 serum plus complement 
(C), and (4) the surface membrane Thy-1 antigen begins to be 
expressed as early as 3 h after the reconstitution. 
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Very early after intravenous injection of normal or irradiated 
hosts with fluorochrome (fluorescein isothiocyanate (FITC) or 
rhodamine isothyocyanate (RITC)) labelled bone marrow (BM) 
cells, a small number of the donor cells were detectable in the 
recipient thymuses. To test whether this homing was specific, we 
injected FITC-BM cells together with an equal number of 
RITC-BM, spleen, thymus or mesenteric lymph node (MLN) 
cells (Fig. 1). The ratio of RITC-labelled cells to FITC-labelled 
bone marrow cells (R/F) was determined 3-4 h later in different 
organs. The R/F ratio found in the recipient thymus indicates 
that the highest concentration of thymus-homing cells occurred 
in the bone marrow, and the lowest in mesenteric lymph node 
cells, whether normal or irradiated hosts were used. Moreover, 
as shown in Fig. la, the thymus-homing cells are contained 
within the bone marrow lymphoid cell fraction (enriched by 
Ficoll-Hypaque centrifugation) and are about fourfold greater 
in nu/nu mouse bone marrow than in normal mouse bone 
marrow. In fact, preliminary analysis of cloned immature thy- 
mocytes from bone marrow cells (BM-1.11) and from hetero- 
geneous thymocyte cell suspensions (TC.3-3)° in separate 
experiments gave thymic homing results 5-15-fold greater than 
did co-injected syngeneic bone marrow cells (F. L., G. Nabel, H. 
Cantor and I. W., unpublished results). The homing of haema- 
tolymphoid cells to mesenteric lymph node (Fig. 14) and to 
spleen (Fig. 1c) followed a completely different pattern from 
that of the homing to the thymus. These data suggest that the 
entry of the cells from the blood to the thymus was not random. 
In irradiated hosts the frequency of thymus-homing cells was 
considerably greater than that in normal recipients (data not 
shown) and therefore further analysis of the thymus-homing 
bone marrow cells was performed only in irradiated recipients. 
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Fig. 1 Lymphoid organ homing properties of cell suspensions 
from haematolymphoid tissues: 4—6-week-old donors and 8-10- 
week-old recipients of the C57BL/6 strain were used in all 
experiments. Recipients were irradiated whole-body with 900 rad 
{250 KV X-ray machine) 2-4h before the reconstitution. Cell 
suspensions from bone marrow (BM), spleen, thymus and mesen- 
teric lymph node (MLN) were adjusted to 5 x 10’ cells per ml in 
50% medium 199, 45% phosphate-buffered saline and 5% NBCS, 
and incubated for 20 min at 37°C with 30 pg ml”! FITC or for 15 
min at room temperature with 1 pg ml”! RITCŽ. Cells were then 
spun down through a 2-cm NBCS layer, resuspended in the above 
medium, and 2x10’ FITC-BM cells injected i.v. mixed with 
2x10’ RITC-BM, spleen, thymus or MLN cells (ratio of input 
RITC celis/FITC cells = 1/1). Recipients were killed 3-4 h later, 
and the studied organs removed. The fluorochrome-labelled cells 
within the cell suspensions were scored and the ratio of RITC test 
cells to FITC cells was calculated for each recipient organ. These 
ratios were normalized so that in each case, the lowest ratio 
was unity. The results represent the relative localization index 
abscissa). 
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Fig. 2 Dose dependence of the appearance of thymus-homing 
bone marrow cells in the thymus of irradiated animals. The condi- 
tions of in vitro direct FITC labelling are described in Fig. 1 legend. 
Mice were killed at 3 (@) or 24 (©) h after iv. injection of 
increasing doses of bone marrow cells. The FITC-BM cells which 
have homed to the thymus were scored as previously described*® 
and checked for viability with propidium diiodine, which fluoresces 

dead cells. All immigrants excluded propidium diiodine. 


The number of the thymus-homing bone marrow cells was 
determined during the first 24 h after reconstitution (Fig. 2). The 
entry of these cells into the thymus seems to be a rapid 
phenomenon as only about 1.4-fold more migrants were found 
in the host thymus 24h after reconstitution as at 3h after 
reconstitution. The number of migrants was proportional to the 
number of input cells, and 10° bone marrow cells was not a 
saturating cell dose. Thymus-homing bone marrow cells 
represent <0.1% of injected cells in this assay. To determine 
whether these immigrants were derived from the strongly Thy- 
1-positive bone marrow cells (~3% of the total bone marrow 
cells in C57BL/6}, we treated the Thy-1-positive cells before 
injection by incubation with well above plateau concentrations 
(as tested against lymph node T cells) of high-titre cytolytic 
monoclonal rat anti-Thy-1 antibodies of the IgM (42-21) or the 
IgG2a (31-11) class plus C’. Viable untreated bone marrow cells 
labelled with one fluorochrome were mixed with an equal 
number of viable anti-Thy-1-treated bone marrow cells labelled 
with the other fluorochrome and injected i.v. into irradiated 
hosts. The results (Table 1) show no evidence of detectable 
levels of Thy-1 on thymus-homing bone marrow cells. On the 
other hand, this concentration of monoclonal anti-Thy-1 (42- 
21) +C completely eliminates low Thy-1-bearing cells such as 
natural killer cells (N. Hollander, personal communication). 
Twenty hours after reconstitution the ratio of treated 
cells/standard cells was <1 (1 =ratio of the input cells). FITC 
fades more rapidly than RITC* and thus perhaps fewer FITC- 
labelled cells than RITC-labelled cells were scored at that time 
point. Nevertheless, the fading of the fluorescence was unselec- 
tive because, regardless of the treatment of the cells, no 
difference between the ratio could be observed. From these 
experiments we conclude that the thymus-homing cells either do 
not bear significant levels of Thy-1 or that they are selectively 
resistant to cytotoxic levels of anti-Thy-1 antibodies +C. 
Likewise Basch and Kadish® found in long-term assays that the 
thymus of irradiated animals is repopulated by Thy-1-negative 
cells which express Thy-1 and TL antigens after in vitro 
exposure to thymopoietin’. 

To test the surface antigen phenotype of thymus-homing cells, 
fluorochrome (usually FITC) labelled bone marrow cells were 
injected i.v. into irradiated hosts. The thymuses were collected 
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3-24 h after injection and the cell suspensions stained using 
indirect immunofluorescence. The second stage was either a 
fluorochrome (RITC if FITC was used to label the injected cells) 
labelled antibody to the first stage antibody, or a fluorescence 
labelled anti-hapten antibody. Donor cells were first identified 
by the initial label and the phenotype was then ascertained by 
monitoring the binding of the labelled antibody fluorochrome. 

Preliminary experiments revealed an important artefact: host 
phenotype antigens such as Thy-1 and « light chains were found 
inappropriately on injected donor cells in the thymus of the 
recipients during the observation interval. It seems likely that 
such antigens are adsorbed onto donor cells following their 
release from recipient irradiated cells, although other 
mechanisms such as unexpected expression of those markers on 
thymus-homing bone marrow cells has not been ruled out. As a 
consequence, (1) we could only test critically for donor pheno- 
type when injections of congeneic cells were used, and (2) we 
observed a high background when using a fluorochrome-con- 
jugated rabbit anti-mouse antibody as second stage. It has been 
possible to avoid this high background by using hapten-con- 
jugated antibodies followed by a fluorochrome-labelled anti- 
hapten antibody. The presence of Thy-1 antigen was monitored 
in C57BL/Ka-Thy-1.1 hosts injected with CS7BL/Ka-Thy-1.2 
congeneic bone marrow cells using a rat monoclonal anti-Thy- 
1.2 (30-H12) and a second stage rabbit anti-rat immunoglo- 
bulin. The presence of H-2K* and I-A“ antigens was deter- 
mined on C57BL/6/H-2* thymus-homing bone marrow cells in 
C57BL/Ka (H-2°) hosts. The cells were incubated either with 
biotinylated mouse anti-H-2K* antibodies (clone 11-4.1) 
followed by rhodaminated avidin, or with nitro-iodophenyl 
(NIP)-conjugated mouse anti-I-A“ antibodies (clone 11-5, 
Becton Dickenson)’ as a first stage and rhodaminated anti-NIP 
antibodies as a second stage. The expression of TL antigens was 
determined by staining donor C57BL/6J/Tla’ thymus-homing 
bone marrow cells in C57BL/Ka(Tla’) recipients. 

However, the TL staining assay revealed another potential 
artefact: mouse monoclonal anti-TL-3 antibodies (18/20) have 
a IgG2a heavy chain, and we observed that this immunoglobulin 
subclass can bind nonspecifically to most cells in the irradiated 
host’s thymus. For example, donor-derived cells and recipient 
thymocytes bind an IgG2a myeloma protein (GPC-7). This 
artefact has been avoided by incubating the cells with mouse IgG 
afew minutes before the addition of NIP-conjugated anti-TL-3- 
antibodies. Control staining showed that mouse IgG does not 
‘interfere with the specific binding of anti-TL-3 antibodies. 

Table 2 gives the results of such experiments. Whereas donor 
Thy-1.2 antigens are expressed increasingly over the assay 
interval on thymic immigrants, over the same interval, no TL-3- 
positive cells were found. This is in agreement with Kamarck 
and Gottlieb’s findings that in fetal thymus cultures the expres- 
sion of Thy-1 markers appears 2-4 days before that of TL 
antigens''. Donor-derived H-2K* and I-A" cells were found in 
the thymus immigrants with the same frequency as that in the 


Table 1 Effect of treatment of bone marrow cells with anti-Thy-1 antibody plus C 
on thymus-homing bone marrow cells 


treated FITC-BM cells in host thymus 


Rib rr 
standard RITC-BM cells in host thymus 
Monoclonal Hours 
antibody after Treatment of injected test cells 
used injection Medium C Antibody +C 

42-21 3 1.1+0.4 14+0.4 0.9+0.2 
(IgM anti-Thy-1) 20 0.60.1 0.8+0.2 0.64+0.2 
31-11 3 0.9+0.2 0.9+0.2 1.1+0.2 
(IgG2a anti-Thy-1) 20 0.5401 0.7+0.2 0.7+0.4 


2x10’ viable untreated (standard) RITC-BM cells were injected iv. simul- 
taneously with 2 x 10’ viable FITC-BM cells treated with medium, C or anti-Thy-1 
plus C in the same conditions (ratio FITC celis/RITC cells = 1/1}. The number of 
fluorescent cells in thymocyte suspensicns was scored 3 and 20 h later as previously 
described. The data represent the mean +s.e. of the ratio of FITC-test (treated) 
bone marrow cells/RITC-standard bone marrow cells from three to five experi- 
ments. Both the Thy-1 antibodies and the rabbit source of C were used at 
maximally lytic concentrations. 
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% Thymus-homing 
BM cells +ve for 
surface antigens 
at different times 

after reconstitution 


% Of cells positive 
for tested surface 
antigens in 


Monoclonal ne seer 
antibodies used 3-4 h 20-24h Thymus Fresh BM 

Thy 1.2 9 19.5 4.5 

Rabbit—anti-Rat Ig Q 0 135 

NIP~anti-TL + 0 0 58 

mouse Ig* 

Anti-NIP Q Q G 0 

Biotin—anti-la* 4,9 1747 13 

Avidin 0 0) 1 

NIP-anti-H-2K* 75.5 90 62 

Anti-NIP 0 0 0 





2x10’ fluorescent bone marrow cells were injected iv. into irradiated 
hosts; 3-24 h later the antigenic phenotype of the fluorescent cells found 
in the host thymus was determined using the antibodies described in the 
text. Results are the mean of three to five experiments. 

*The anti-TL3 monoclonal bound nonspecifically to these ceils in the 
absence of competing unlabelled mouse IgG. Only the anti-T'L3 anti- 
body bound nonspecifically, and only the anti-TL3 monoclonal antibody 
was of the IgG2a class. The unlabelled mouse immunoglobulin did not 
change the proportion C57BL/6J/TLa thymocytes stained by NIP- 
anti-TL and RITC-—anti-NIP reagents (58%), 


bone marrow. Thus, thymus-homing cells express high levels of 
H-2K* alloantigens before expressing high levels of Thy-1 
during the interval assayed (Table 2). This is consistent with the 
ontogenetic expression of H-2 markers before that of Thy-1 
markers on early thymic stem cells in situ or in thymus grafts, as 
described by Ritter’? and by Owen and Raff”. The high expres- 
sion of H-2K markers is maintained in outer cortical primitive 
lymphoblasts in neonatal and adult thymuses, and H~ZK is only 
diminished at a later stage in the development of cortical small 
thymocytes'*. As shown previously, the bone marrow pre- 
cursors of these thymus-homing cells do not express detectable 
levels of Thy-1 (Table 1). Although we have not analysed the 
levels of other markers on such cells, we have shown, using 
fluoresceinated zymosan‘? as a marker for phagocytic cells, that 
less than 5% of thymus-homing bone marrow cells belong to this 
lineage. This corroborates our finding that the thymus-homing 
cells are concentrated in the bone marrow lymphoid (and not 
myelomonocytic) fractions of bone marrow (Fig. 1). 

These experiments demonstrate that a small but significant 
Thy-1-negative bone marrow cell population is thymus homing 
on i.v. injection, the number of immigrants being proportional 
to the number of input cells. Thymus-homing cells by this assay 
are found only in tissues which allow long-term thymic recon- 
stitution after irradiation. Such cells are found in the thymus 
very soon after injection, and begin to express T-cell-specific 
(Thy-1) markers shortly thereafter. This assay may thus be 
useful for analysing thymocyte developmental lineages and 
processes necessary for T-cell maturation. 

These experiments were supported by USPHS grant Al- 
09072-12 and by funds from the International Cancer Research 
Data Bank Programme of the National Cancer Institute, NIH 
under contract NO1-CO-65341 (International Cancer Research 
Technology Transfer—ICRETT) with the International Union 
Against Cancer. We thank Drs J. H. Ledbetter and L. A. 
Herzenberg for their gift of anti-Thy-1 (30-H12) and anti-H- 
2K* (11-4.1), Drs G. J. Hammerling and U. Hammerling for 
providing anti-TL3 (18/20), and Drs E. Butcher and R, L. 
Coffman for valuable discussions. 
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Flow cytometry is uniquely suited for distinguishing between 
isolated mammalian chromosomes differing in DNA content’? 
or DNA-base composition™*. Using this technique, the 24 types 
of human chromosomes can be resolved into 15 groups when 
stained with Hoechst 33258 (refs 3, 5). When Hoechst 33258 
(HO) and chromomycin A3 (CA3) are used, 20 groups of 
human chromosomes can be distinguished by dual-beam flow 
cytometry’, and the relative frequency of chromosomes in each 
group estimated. Flow measurements provide a precise 
description of the average chromosome complement of the cell 
population (a flow karyotype’) that is sensitive to chromosomal 
rearrangements’” and frequency changes; and also enable 
individual chromosomes to be purified, for example, for gene 
mapping’. Until now, chromosomes have been isolated for flow 
cytometry only from established fibroblast cultures. However, 
the maintenance of such cultures is time-consuming and expen- 
sive, and there is the risk that chromosomal rearrangements may 
occur during extended fibroblast culture. Here we describe two 
procedures for the isolation from short-term lymphocyte 
cultures of metaphase chromosomes that are morphologically 
intact, suitable for flow cytometric analysis and purification, and 
have DNA of high molecular weight. 

The amount of whole blood required and the time required 
for culture depend on the experimental objectives. For example, 
a flow karyotype has been obtained for chromosomes isolated 
from lymphocytes from 2 ml of whole blood cultured for less 
than 2 days. However, as much as 12 ml of whole blood may be 
required to produce sufficient chromosomes for biochemical or 
cytochemical analysis. The culture method for 12 ml of whole 
blood is described below. 

Human blood (12 ml) obtained by venipuncture was placed in 
a sterile bottle containing 120 units of heparin (1,000 units per 
ml; Lipo-Hepin, Ricker Laboratories, California), and mixed 
with an equal volume of Hank’s balanced salt solution (HBSS). 
The mixture (24 ml) was layered over 18 ml of lymphocyte 
separation medium (LSM) (Litton Bionetics) in a 50-ml plastic 
centrifuge tube and centrifuged at 400g for 30 min at room 
temperature. The visible white blood cell layer was collected and 
resuspended in seven times its volume of HBSS containing 1% 
fetal calf serum (FCS). The cell suspension, containing primarily 
lymphocytes, was then concentrated by centrifugation at 340g 
for 10 min. After removing all except 1.5 ml of the supernatant, 
the cells were resuspended and transferred to a 15-ml centrifuge 
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Fig. 1 The fluorescence distribution (flow karyotype) of chromosomes 
isolated from cultured human lymphocytes according to method A and 
stained with the DNA-specific dye Hoechst 33258 (2 ug mi~'). Peaks a-n 
correspond to those listed in Table 1. The nuclei were removed by centri- 
fugation before flow cytometry. Two methods were used for chromosome 
isolation. In method A, ~1-5 x 10° cells were resuspended in 0.5 ml of 
75 mM KCI containing 0.037 pg ml~' Colcemid per 10° cells. The suspen- 
sion was incubated at 4°C for ~10 min and then centrifuged at 200g for 
10 min. The cell pellet was resuspended in 0.5 mi of a Tris-based isolation 
buffer” containing Colcemid (0.037 ug ml~'). This suspension was incubated 
in a water bath at 37°C for 10 min and then placed on ice for 30 min. The 
chromosomes were released from the cells by passing the suspension through 
a 22-gauge needle one or more times. In method B, the same number of cells 
was resuspended in 0.5 mi of 75 mM KCl and incubated at room tempera- 
ture for 10 min. A 0.3-ml solution containing 75 mM KCl, 1% Triton X-100, 
and 0.2mgml"' 4'-aminomethyl-4,5’,8-trimethylpsoralen hydrochloride 
(HRI Associates, California) was then added. After a 3-min incubation, the 
cells were passed twice through a 22-gauge needle to release the 
chromosomes, The chromosome suspension was then stabilized by adding 
1/4 volume of Tris-based isolation buffer concentrated five times. Cell lysis 
and chromosome release were monitored continuously by fluorescence 
microscopy after drawing a mixture of chromosomes and Hoechst 33258 
(final concentration ~5 pg mi~') by capillary action on to microslides (0.1- 
mm path length, Vitro Dynamics). After isolation, the chromosomes were 
stained with various concentrations of the DNA-specific dye Hoechst 33258 
and analysed using a flow cytometer equipped with an argon-ion laser 
(Spectra Physics model 171). 


tube, which was filled to the 15-ml mark with HBSS containing 
1% FCS. This cell suspension was centrifuged again at 340g for 
6 min. The cell pellet was resuspended in 4 ml of culture medium 
(see below). Usually 15 to 30% of the white blood cells were 
recovered, ~90 to 95% of which were lymphocytes. 

Lymphocyte cultures were established from this cell suspen- 
sion at a density of 2 x 10° cells per ml of culture medium. The 
medium consisted of RPMI 1640 (Gibco) containing 20% heat-. 
inactivated fetal bovine serum (Gibco), 50 units ml™' penicillin, 
50 ugml™ streptomycin (Flow Laboratory), 12 units ml”! 
heparin (1,000 units mi~’), 2.4mM L-glutamine (200 mM; 
Gibco), and 4 ml phytohaemagglutinin-M (Gibco) per 100 ml 
medium. Glass prescription bottles (16-0z Sani-glass, Brockway 
Glass Co.) were used for the cultures (containing 10’ cells per 
50 ml culture medium). After ~3.5 days, the medium was 
changed, and colcemid (0.2 ug ml‘) added to the cultures for 
an additional 10 h. The fraction of mitotic cells obtained from 
this procedure was usually about 40%, These cells were centri- 
fuged at 200g for 10 min at 4 °C. 

This procedure can be readily adapted to isolation of 
chromosomes from a smaller amount of blood. For example, to 
culture 2 ml of human blood, the blood was mixed with 2 ml 
HBSS and layered over 3 ml LSM in a 15-ml plastic centrifuge 
tube. The lymphocytes were then purified as described above 
and cultured at a concentration of 10° cells per 5 ml of medium. 
After 45 h, 0.2 ug ml” ' Colcemid was added. Ten hours later the 
mitotic index was between 10 and 40% and the cells were 
collected for chromosome isolation. 

Chromosomes were isolated by two methods (see Fig. 1 
legend), and analysed by flow cytometry; chromosomes were 


_ directed individually through a laser beam adjusted to emit 


0.8 W at 361 and 364 nm. The resulting chromosomal fluores- 
cence was projected through a spectral filter that transmitted 
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light having wavelengths >450 nm on to a photomultiplier. The 
pulses from the photomultiplier were then integrated, amplified, 
digitized, and accumulated in the memory of a pulse-height 
analyser to form a fluorescence distribution or flow karyotype’. 
Figure 1 shows a typical flow karyotype of lymphocyte 
chromosomes isolated according to method A; the 24 types of 
human chromosomes are resolved into 15 peaks. To identify the 
chromosomes associated with each peak, they were sorted for 
quinacrine banding analysis*’. The various chromosomes were 
assigned to the peaks in which they occurred most frequently 
(see Table 1). The measured frequencies of the larger lympho- 
cyte chromosomes are slightly lower and the frequencies of the 
smaller chromosomes slightly higher than the 
frequencies. This may be due to the following: (1) some of the 
larger chromosomes were lost preferentially during the centri- 
fugation to remove interphase nuclel; (2) the larger 
chromosomes were preferentially broken during the needle 
shearing; or (3) the estimates of the peak areas were biased. The 
results obtained for chromosomes isolated by method B were 
similar, although the coefficients of variation (c.v.) were slightly 
higher. The background observed at low fluorescence intensities 
is not unusual for lymphocyte chromosomes and is generally 
lower when the free chromosome concentration is high. The 
removal of nuclei by centrifugation before flow cytometry does 
little to reduce this background, and because the debris which 
constitutes the background is of a random nature, it is not a 
serious contaminant of chromosomes purified from this region’. 
The c.v. values in the flow karyotypes of chromosomes iso- 
lated by both methods A and B, and hence the number of 
resolved chromosome groupe, depend on the concentration of 
Hoechst 33258 used to stain the chromosomes (more peaks are 
resolved at low c.v.) We measured flow karyotypes for 
lymphocyte chromosomes using various concentrations of the 
stain to determine the concentration that produced peaks having 
the lowest c.vs. Figure 2a, b shows the changes in c.v. of peak B 
(chromosomes 3 and 4) with dye concentration for 
chromosomes isolated by methods A and B, respectively. The 
dye concentrations that produced the lowest c.vs were 
~2 pg ml for method A and ~8 ug ml” for method B. The 
lowest c.vs (~0.024) were obtained using method A. Although 
the flow karyotypes obtained for chromosomes isolated using 


Tabie 1 Identification, relative fluorescence, and relative frequency of 
chromosomes isolated from human lymphocytes and analysed by flow cytometry 


and sorting . 
Expected 
Chromosome Purity” Chromosome chromosome 
Peak identities (%) Meant frequencyt = frequency} 
A 1,2 81 1,00 3.1 4 
B 3,4 71 0 86 3.7 4 
C 5 52 0.78 1.7 2 
D 6 42 0.74 1.5 2 
E 7,X 55 0.67 23} 50 
F 8 38 0.61 ' 
G 9-12 84 0.54 7.9 8 
H 13 57 0.50 2.2 2 
14 56 
I T 15 87 041 4.0 4 
J 16, 18 83 0.33 42 4 
K 17, Y 77 0.29 3.5 3 
L 20 62 0.25 2.2 2 
M 19,21 84 0.20 5.2 4 
N 22 84 0.18 17 2 





frequencies (proportional to poak 
areas) and coefficients of variation (c.v.) of the chromosomes peaks were estimated 
by fitting the sum of several normal distribuhons (one from each peek) and a 
function of the form f{r)=a-+ br" (for the beckground) to the fluorescence 
ee darag he Oy ade me 


*The smaller peak between peaks H and I m Fig. 1 was sorted separately and is 
enriched in chromosome 14. 

TNormalized so that the mean of peak A is 1.00. 

tNormalired so that the sum bs 46. 
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Wig.2 The coefficient of vanation (c.¥.) of peak B m the Sow karyotype asa 

funchon of the Hoechst 33258 concentration. Chromosomes were molated 

according to methods A (a) and B (b) The open circles and closed circles are 

data pomts from separate experiments. Arrows indicate that the c.vs of 

tbese samples wero impossible to estimate due to poor resolution and are 
shown 23 bemg greater than 6%. 


method B have higher c.vs, it is a faster method, and yields more 
isolated chromosomes because fewer procedures are 
involved. 

Agarose gel electrophoresis was used to determine the molec- 
ular weight of the DNA in the isolated chromosomes’. DNA 
samples were prepared as a chromosomal lysate’’ or as purified 
DNA, according to a modification of the Marmur method”, 
from a chromosomal suspension that was free of nuclei. The size 
markers for the molecular weight (MW) determinations were fd 
DNA (1.9 x 10° MW), A DNA (32x 10°), and T4 DNA (120 x 
10°) (Miles Laboratories). The samples of chromosomal DNA 
isolated by the two methods and the marker DNAs were run in 
0.6% agarose gel in Tris-borate buffer. The molecular weight of 
the isolated chromosomal DNA was >3 x 10’ in all cases. 

The procedures for isolating chromosomes from cultured 
human lymphocytes described here greatly enhance the poten- 
tial of flow cytometry for population cytogenetics. We can now 
obtain flow karyotypes in which 14-15 groups of chromosomes 
are resolved; this approach may be useful for detecting 
chromosomal abnormalities that occur homogeneously in a 
large fraction of lymphocytes of an individual. The application 
of two-parameter flow cytometry’’ to isolated chromosomes 
should increase the number of resolved groups still further. The 
speed and quantitative nature of flow karyotyping make it 
especially useful for neonatal screening, evaluating abortuses 
and screening for inherited abnormalities’. In addition, isolation 
of large quantities of chromosomes directly from human 
peripheral lymphocytes is much less laborious than the isolation 
of a similar number of chromosomes from cultured human 
fibroblasts. Purified chromosomes can now be obtained from 
almost any individual thereby facilitating a wide variety of 
biochemical studies. 

We thank Mrs Virginia Hughot, Miss Chery] Strout and Miss 
Cheryl Rittman for technical assistance. This work was per- 
formed under the auspices of the US Department of Energy 
under contract W-7405-ENG-48. 
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In most primates and a few mammals (cattle, sheep, goat), fetal 
erythropoiesis, characterized by predominant synthesis of fetal 
haemoglobin, is replaced around birth by adult erythro- 
poiesis’~*, In mice, fetal erythrocytes all express an antigen (Ft) 
that disappears after birth’ and can be used as a marker for 
studying murine fetal and adult erythropoiesis. Murine haema- 
topoietic tissues contain pluripotent stem cells (CFU-S) which 
give rise to splenic colonies when infused in irradiated adults’, 
committed erythroid precursors (BFU-E) that give rise to large 
bursts in vitro and more mature precursors (CFU-E) which 
produce small colonies in vitro®*. We have now studied the 
expression of Ft antigen on these precursors, and their ability to 
produce colonies of Ft antigen-positive or -negative eryth- 
rocytes. Our results show that Ft antigen is not detected on the 
surface of erythroid precursors. Erythrocytes from splenic 
colonies are also Ft negative. However, erythrocytes from bursts 
and colonies derived from fetal liver BFU-E and CFU-E (and 
not from adult bone marrow) all express the Ft antigen, demon- 
strating that expression of the antigen is programmed very early 
in the erythropoietic sequence. Moreover, we have observed 
that after birth a decreasing number of CFU-E are able to give 
rise to Ft” colonies. 

The presence of Ft antigen on erythropoietic precursors from 
13-day-old fetal liver grown in plasma clots (instead of methyl- 
cellulose, see Table 1 legend) was checked by immune lysis using 
anti-Ft serum (1:3) and rabbit complement. This treatment 
affected neither the number of BFU-E (11+2.1 versus 11.2+ 
3.3 per 10* cells with normal serum) nor that of CFU-E (109.4 + 
16.0 versus 107.6+18.0 per 2x10° cells). Because this 
antiserum at higher dilution (1:20) lysed all fetal erythrocytes 
and because the antiserum preserves its lytic activity after 
incubation with fetal liver cells, we conclude that Ft antigen is 
not expressed at detectable density on precursors. 

Fetal liver and adult bone marrow cells were cultured in 
methylcellulose for 60 h. CFU-E-derived cultures were then 
pooled and erythrocytes separated from macrophages and 
granulocytes on Ficoll~Paque. Erythroid bursts were picked out 
individually 7 days after plating. Table 1 shows that all eryth- 
rocytes from colonies from 13-day-old liver cells are Ft positive 
whereas those from adult cells are all negative. To test the 
progeny of CFU-S, fetal liver or adult marrow cells were infused 
into irradiated mice and macroscopic spleen colonies were 
individually collected on the 7th day. Whatever their origin, all 
erythrocytes from these colonies were Ft negative. Insufficient 
maturation of erythrocytes in these spleen colonies can be ruled 
out because colonies collected on the 13th day again show no 
positive reaction whereas Ft antigen is already expressed on 
nucleated erythroblasts in in vitro colonies from fetal liver cells. 
Moreover when cells from these splenic colonies were plated in 
culture for CFU-E growth, the erythrocytes produced were 
again negative. These results clearly demonstrate that BFU-E 
and CFU-E from fetal liver are already programmed to express 
the Ft antigen in their progeny whereas CFU-S are not. This also 
explains why grafting large quantities of fetal liver cells into 
irradiated adults produced a transient wave of Ft” eryth- 
rocytes’'°: they probably arise from these committed erythroid 
precursors transferred with the grafted cells. 
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Table 1 Expression of Ft antigen on erythrocytes from different 
erythropoietic precursor cells from 13-day-old fetal liver or adult bone 


marrow 
Tissue Precursor cells CFU-E in 
splenic 
CFU-E BFU-E CFU-S colonies 
Fetal liver Ft" Ft” Ft FU 
13 days old 100% 100% 100% 100% 
(3) (30) (24) 
Adult bone Ft Ft Ft” Ft 
marrow 100% 100% 100% 100% 
(3) (20) (12) 





Splenic colonies were obtained from CFU-S as described by Till and 
McCulloch*. C57BL/6 mice were irradiated” and grafted with 10° adult 
bone marrow cells or 10° fetal liver cells. 2x 10° or 10° cells, respec- 
tively, were plated in duplicated cultures®® in 0.8% methylcellulose 
with erythropoietin 0.2 U ml” for CFU-E (serum from bled and 
irradiated mice provided by Dr Tambourin) or 4 U ml” for BFU-E 
(step III, Connaught). Cells from CFU-E were collected, washed twice 
in phosphate-buffered saline-bovine serum albumin (PBS-BSA) 0.5% 
and erythroid cells isolated by centrifugation on Ficoll~Paque (Phar- 
macia, 900g for 30 min at 4°C). Non-erythroid cells (as observed on 
stained smears) were retained at the interface (respective contamination 
was negligible): these cells were not labelled using anti-Ft serum and 
fluorescein-conjugated goat anti-rabbit IgG. After three washes, cells of 
the pellet were tested with antiserum’. Bursts were individually collec- 
ted and labelled*. Splenic colonies were individually collected 7 or 13 
days after grafting, washed and labelled. The nature of the splenic 
colony was determined by staining of smears made in the cytocentrifuge 
with benzidine and May~Grunwald Giesma stain. The number of 
determinations is given in parentheses: CFU-E, number of cultures; 
BFU-E, number of bursts; CFU-S, number of splenic colonies. 


During normal ontogenesis, the Ft antigen progressively dis- 
appears after birth*. We therefore studied the progeny of CFU- 
E from fetal liver, spleen and bone marrow during this period, 
first examining erythrocytes from pooled cultures. Results in 
Table 2 clearly show that liver, spleen and marrow all produce 
Ft” and Ft” erythrocytes after birth. A technique was then 
devised to detect the Ft antigen at the colony level (see Fig. 1 
legend). Most colonies were either totally positive (Fig. 1a) or 
totally negative (Fig. 1b). Those which show too low or too high 
fluorescence to be classified as positive or negative were scored 
as undetermined. The frequency of positive colonies (Table 3) 
decreases with time both in spleen and bone marrow, in close 
agreement with the data of Table 2. These results confirm that 
the commitment to fetal antigen expression is operating much 
earlier than at the CFU-E stage, perhaps at the BFU-E stage. A 
few colonies were obviously mixed (Fig. 1c). In these colonies, 
positive and negative erythrocytes were not randomly dis- 
tributed but were grouped in ‘subclones’. Such a result would be 
obtained if one of the daughter cells escaped the commitment 
during an early division of the CFU-E. 





Table 2 Ontogenic changes in the number of Ft” erythrocytes in 
cultures of CFU-E from liver, spleen and marrow 





Tissue 
Age Liver Spleen Marrow 
13-Day-old fetus 100% (3) — ~— 
16-Day-old fetus 100% (3) — — 
18-Day-old fetus 100% (3) 100% (2) ND 
1-Day-old newborn 72% (3) 50% (3) 75% (1) 
15-Day-old newborn ~—e 32% (1) 29% (1) 
Adult = ND 0% (3) 





CFU-E were cultured and cells were collected as in Table 1. Eryth- 
rocytic cells were counted in smears stained with benzidine. The 
frequency of Ft” cells was determined as in Table 1. As non-erythrocytic 
cells wete not labelled by the anti-Ft serum, the percentage of Ft” 
erythrocytes was deduced from the values from Ft” cells and Hb“ cells. 
The number of repetitions is given in parentheses. ND, not determined. 
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Table 3 Ontogenic changes in numbers of Ft” erythroid colonies in cultures of CFU-E from fetal liver, spleen and bone marrow 
Positive Negative Mixed Undetermined 
CFU-E CFU-E CFU-E CFU-I Total 
No, wi No Yo No, Yo Ne 
13-Day-old fetal liver 78 100 0 (0) 0 0 0 | 78 
4-Day-old newborn bone marrow 59 70.2 19 22.6 5 5.9 l 1.2 84 
14-Day-old newborn spleen 152 70.0 47 21.7 11 5.1] 7 3.2 21 
11-Day-old newborn bone marrow 26 25.0 69 66.3 2 1.9 7 é 104 
11-Day-old newborn spleen 21 23.6 61 68.5 2 2.2 5 5.6 89 
21-Day-old newborn bone marrow 11 13.6 67 82.7 0 0 3 3, 8] 
21-Day-old newborn spleen 3 13.6 17 77.2 0 0 2 9.1 2 
Adult bone marrow 0 0) 55 100 0 0 0 0 $5 
Colonies were cultured, picked out and labelled as indicated in Fig. 1 legend. 
Our finding that only fetal precursors can give rise to Ft” rocytes'’. If a similar situation obtains in mice, our results 


erythrocytes in culture may be explained by two general hypo- 
theses. First, that expression of Ft antigen is directed by acces- 
sory cells seeded together with the erythropoietic precursors. 
However, this is difficult to reconcile with the simultaneous 
detection of both Ft” and Ft colonies in cultures of newborn 
precursors (Table 3). Second, that expression of Ft antigen is 
programmed very early. This could be explained first by the 
existence of two stem-cell populations (Ft™ and Ft ) regulated 
by different inhibiting or activating factors in fetal and adult 
tissues. In that case, only the adult (Ft) stem cells would give 
splenic colonies in irradiated adults grafted with fetal liver cells, 
and indeed we observed Ft erythrocytes in these colonies. Ft’ 
erythrocytes produced in these mice”’” would thus be progeny 
of the Ft"-committed erythroid precursors: this implies that the 
block or activation acts at the CFU-S/BFU-E transition. 
Alternatively, in human a single stem cell can probably give rise 
to both haemoglobin (Hb) F-and HbA-containing eryth- 


Fig. 1 Colonies obtained from 11- 
day-old newborn spleen cells 
labelled with anti-Ft antibodies. 
Left, UV illumination; right the 
same field under normal light. a, 
Positive; b, negative; c, mixed. CFU- 
E were cultured for 64 h at 37 °C in a 
humidified atmosphere of 2.5% CO, 
as described in Table 1 legend but 
methylcellulose was substituted for 
plasma. Red cell colonies were care- 
fully picked out with a micropipette 
under an inverted microscope and 
incubated for 2 h at room tempera- 
ture in 801 of eluted anti-fetal 
antibodies (1:3) placed in a Shandon 
cytocentrifuge cell. For elution, anti- 
Ft antiserum (1:3) was incubated 
with newborn erythrocytes. After 
intensive washing, the antibodies 
were eluted with 1 M propionic acid 
for 2 min. After centrifugation, the 
Supernatant was neutralized with 
3M Tris and intensively dialysed 
against PBS. Colonies were cyto- 
centrifuged on glass slides and fixed 
for 1 min in methanol. After soaking 
the slides in PBS-BSA 0.5% for 1 
min one drop of goat y-globulin 
anti-rabbit y-globulin (1:25) cou- 
pled to fluorescein isothiocyanate 
was layered onto the colonies and 
kept for 30 min at 4°C. After 2h 
washing in cold PBS—BSA, a drop of 
rabbit y-globulin anti-goat y-glo- 
bulin coupled to fluorescein iso- 
thiocynate (1:25) was layered onto 
the slide for a further 30 min at 4 °C. 
After washing, the slides were 
examined for fluorescence. The use 


indicate that the decision to produce Ft or Ft erythrocytes 
occurs at the level of CFU-S/BFU-E differentiation. This 
determination must be relatively irreversible because produc- 
tion of Ft” erythrocytes from fetal erythreid precursors occurs in 
vitro and probably also in vivo in irradiated adults grafted with 
fetal liver cells’’°. Finally, production of Ft antigen could be 
envisaged as corresponding to the intrinsic differentiation of 
stem cells in fetal liver, with factors in the adult environment 
only directing its non-expression. This acult factor must act only 
on stem cells and not on erythroid precursors because we can 
detect some fetal erythrocytes in irradiated adults grafted with 
fetal liver cells”’'”. 

The kinetics of the disappearance of HbF in human and of Ft 
antigen in mice'* and the programming of their synthesis early 
in erythroid differentiation (ref. 12 and present data) show 


strong similarities. However, there must be some difference 
because no Ft” erythrocytes have ever been observed in norma! 





of a second fluorescent y-globulin solution was rendered necessary by the low fluorescence observed after the first labe ling, perhaps due to the 
methanol fixation of anti-Ft-treated colonies. Nevertheless, a specific membrane fluorescence was observed for colonies as well as for red blood 


cells (not shown). 
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adults or in cultures of adult precursors. The progressive disap- 
pearance of Ft” cells and reduction of HbF synthesis seem to be 
best explained by a decline in the ability of the precursor cells to 
synthesize Ft antigen or HbF (refs 13, 14 and present data). Such 
switching could be assumed to be regulated, at least in part, by 
environmental factors acting on progenitor cells. Recent results 
in this field are compatible with this view'*’°. 

We thank Professor V. Nigon for his help during this work and 
Dr T. Greenland for reviewing the manuscript. This study was 
supported by grants from DGRST, INSERM and CNRS. 
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Ca channel inactivation by 
intracellular Ca 
injection into Helix neurones 
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Inward calcium currents are present in many excitable tissues 
and are involved in several cellular processes. Depending on the 
tissue these may include action potential generation, transmitter 
release and control of membrane K permeability'’”. Membrane 
Ca conductance is activated by depolarization in a manner 
essentially similar to that described for Na conductance’”. 
However, it has recently been suggested that Ca channel 
inactivation may differ from Na inactivation in being dependent 
not on membrane potential directly, but on Ca entry*”. Such a 
mechanism has been proposed on the basis of the observed 
voltage and current dependence of Ca inactivation and could be 
caused either by some action of Ca ions as they pass through the 
channel or by an effect of increased intracellular calcium 
concentration [Ca]; I report here experiments which demon- 
strate that Ca inactivation may be produced directly by intracel- 
lular injection of Ca and which support the idea that Ca conduc- 
tance is reduced by an increase in [Ca]; 

Inward currents were measured under voltage-clamp from 
identified giant neurones of the snail Helix aspersa. SrCl, 
(25 mM) was used in the bathing saline: Sr carries current 
through the Ca channel and, as inactivation is slowed in Sr, it was 
possible to repeat brief (<20 ms) test pulses at 10-s intervals 
without any cumulative inactivation developing due to the test 
pulses themselves. Essentially the same results were seen with 
external Ca instead of Sr, although more widely spaced test 
pulses had to be used. The saline also contained tetraethyl- 
ammonium (TEA) and 4-aminopyridine (4-AP) to block 
outward K currents. Ca ions were injected by iontophoresis 
from an intracellular micropipette containing 0.1M CaCl, (see 
Fig. 1A for details). Figure 1B shows the effects of Ca injection 
(100 nA for 10s) on the inward current; 10 s after injection the 
current was reduced (trace 6) from its contro] value and 
substantial recovery had occurred after 60s (trace c). The 
degree of reduction in inward current depended on the size of 
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Fig. 1 A, simplified diagram of experimental arrangement. Ay, 
Pre-amplifier; Az, clamping amplifier; Az, virtual-earth current- 
to-voltage converter. IU, constant-current iontophoresis unit. 
Cells were impaled with three electrodes: a voltage electrode, V; a 
current electrode, I; and an iontophoretic injection electrode, Inj. 
Injections were performed with the cell clamped at the holding 
potential; the clamping amplifier then supplied a current equal and 
opposite to the injection current so that there was no membrane 
current flow. V,,, membrane potential, Len, membrane current. B, 
effects of Ca injection. Traces show inward current recorded on 
stepping the membrane potential to 0 mV from the holding poten- 
tial of ~50 mV. a, Control; b, 10 s after Ca injection (100 nA, 10s); 
c, 60's after injection. C, Ca injection in the presence of 15 mM 
CoCl,. a, Control: b, 10s after Ca injection (100 nA, 10s); c, 40s 
after injection. D, Mg injection. a, Control; 6, 10s after Mg 
injection (60 nA, 10s); c, 40 s after injection. All these records are 
from the same neurone and were taken in the order D, B, C. Cell 
diameter 230 uM. Temperature, 16°C. Normal saline contained 
{in mM}: SrClo, 25; MgCl, 5; KCI, 10; TEA Cl, 78; 4-AP, 2, 
Tris-HCl, 5; pH 7.5. 


the injection (Fig. 2A). The effect was not an artefact of the 
injection itself because injections of Mg (Fig. 1D) or K had very 
little effect. 

It seems unlikely that the reduction in inward current seen on 
Ca injection can be explained in terms of increased [Ca]; causing 
a reduction in electrochemical driving force. Assuming that all 
the Ca injected remained ionized, the injection of Fig. 1B would 
cause [Ca], to rise by 2.4 x 10°*M (taking the transport number 
for Ca to be 0.3 (ref. 8) and assuming a spherical cell with the 
measured diameter of 230 pm). Using a constant field model’, a 
rise in [Ca], from 107M to 2x10*M would reduce the Ca 
current by 2%. In fact the rise in ionized [Ca], on injection will 
be much smaller than this, as the cell contains powerful mito- 
chondrial and non-mitochondrial Ca buffer systems. Studies of 
Ca injection into squid axon and Aplysia show that >99% of 
injected Ca is buffered so that ionized [Ca], rises only a few nM 
per pM injected*'°. Therefore, in these experiments it seems 
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Fig.2 A, time course of Ca inactivation produced by Ca injection. 
Ordinate, inward current relative to control inward current (J/T,); 
abscissa, time. The duration of the injection is shown by the bar 
above the graph. Injection current: O, 60nA; @, 100nA. Cell 
diameter 230 um. Temperature 16°C. B, Ca injection in the 
presence of 10 uM CCmp. Records show membrane potential 
(above) and membrane current (below) for a depolarizing step to 
0 mV. a, Control; b, 30 s after Ca injection (50 nA, 20s). Holding 
potential ~50 mV. Cell diameter 260 wm. Temperature 15 °C. 


likely that the actual rise in ionized [Ca]; is in the range 107- 
10°°M. 

It could also be argued that the observed inactivation of 
inward current is due to a Ca-dependent outward current’? 
activated by Ca injection (and insensitive to the TEA and 4-AP), 
giving a reduction in net inward current. If this was the case the 
outward current should be revealed in conditions where the 
inward current is blocked. Figure 1C shows that this is not the 
case, When inward current was blocked using 15 mM CoC, 
(substituted for SrCl,) there was no evidence for outward cur- 
rent activated by Ca injection. Similar results were obtained 
using 1 mM CdCl, or in 0 Sr solution (replaced by Mg). It is also 
unlikely that the effects reported here result from a decrease in 
intracellular pH consequent on Ca injection’. First, as the Ca 
injections were relatively small, such pH changes would be very 
small (<0.01 pH unit)'*. Second, others have shown that EGTA 
injection into molluscan neurones enhances the fall in [pH]; fora 
given Ca entry’, but reduces Ca current inactivation’*. It seems, 
therefore, that Ca injection produces inactivation of Ca 
conductance as a result of the rise in [Ca]. 

Figure 2A shows the time course of inactivation and recovery 
for Ca injections of two different sizes. Inactivation was usually 
maximal 5 or 10s after a 10-s injection and recovered over the 
following 10s. Such a time course is not inconsistent with Ca 
diffusion to the membrane if this is slowed by Ca binding; a 
rather similar time course of the photoresponse in certain 
Aplysia neurones has been modelled in this way’®. Ca injections 
resulted in both greater and longer-lasting inactivation if some 
Ca binding was inhibited by the respiratory chain uncoupler, 
carbonyl cyanide m- chlorophenylhydrazone (CCmp), which 
reduces Ca uptake’’ in mitochondria. Figure 2B shows a typical 
response to Ca injection (50 nA, 20s) in 10 uM CCmp. Full 
recovery took 5-10 min in the presence of CCmp. The largest 
recoverable reductions in Ca inward current (Ica) seen in these 
experiments were to ~30% of the control value. It might be 
possible to reduce Ica further using larger injecting currents; in 
this study the maximum injecting current was ~100 nA to avoid 
problems of electrode blockage. 
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These results show that Ca inactivation of a relatively brief 
time course can be produced by Ca injection. It seems likely that 
the mechanism involves a site on the inner membrane surface 
that is sensitive to [Ca]; evidence for such a site has been 
obtained from studies of the effects of longer-term changes in 
[Ca]; in dialysed cells*’*. The present results also support the 
hypothesis that Ca entry causes Ca channel inactivation by 
raising [Ca],*”. Ca entering through the membrane will be much 
more effective at changing [Ca], in the region of the inner surface 
of the membrane than injected Ca. In studies where [Ca] is 
increased by membrane Ca entry it is often hard to separate 
Ca-dependent Ca inactivation from Ca-dependent K current 
activation”’. It is easier to argue against the second possibility in 
the present case (Fig. 1C) provided that the Ca channel blockers 
Co and Cd do not block Ca-dependent K currents directly rather 
than as a consequence of blocking Ca entry: as far as I am aware 
no such effect has been reported. 

I thank Mr T. D. Plant for helpful discussion and for reading 
the manuscript. 
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Fluorescence photobleaching does 
not alter the lateral mobility 
of erythrocyte membrane glycoproteins 
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Recently, following the pioneering experiments of Juan 
Yguerabide (personal communication), a fluorescence photo- 
bleaching technique has been widely used to measure lateral 
diffusion rates in the plane of biological membranes (for reviews 
see refs 1 and 2). In this technique, photebleaching of 
fluorescently labelled probe molecules by brief exposure to an 
intense laser light source is used to generate localized depletions 
of probe molecules. Diffusion coefficients are determined from 
the kinetics of fluorescence redistribution after photobleaching 
(FRAP), monitored by an attenuated light source. Despite the 
widespread application of the FRAP technique, questions 
remain as to whether or not dye-sensitized photodamage might 
seriously affect the results’°. To test for such effects, the 
diffusion characteristics of a membrane system should be 
compared with and without fluorescence photobleaching, but 
this is generally extremely difficult to do—an indication of the 
potential capabilities of the photobleaching technique, We have 
now devised such a test for the diffusion of integral membrane 
proteins in erythrocyte membranes. We report that, within 
experimental error, membrane photodamage does not seem to 
affect the results observed in this system. 

Our approach to this problem is outlined schematically in Fig. 
1 with examples of actual data. We used polyethylene glycol 
(PEG)-induced fused erythrocyte pairs (containing haemo- 
globin in all cases) which assume the general ‘dumbbell hay 
illustrated in Fig. 1a. Membrane proteins were prelabeled: 
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Fig. 1 Schematic outline of the two alternative methods of 
measuring membrane protein diffusion in fused erythrocyte pairs: 
FRAF (fluorescence redistribution after fusion) and FRAP 
(fluorescence redistribution after photobleaching). (See text for 
explanation.) For comparison, all fluorescence scans, F(x, t), have 
been scaled to the same maximum value. Corrections for cell 
geometry in the calculation of c(x, t), the concentration profile, 
were carried out in the FRAP experiments using point-by-point 
normalizations for each post-bleach scan by F(x,-), a pre-bleach 
scan, that is: ¢(x;, t) = F(x, t)/F (x, -). In the FRAF experiments, 
we used c(x;, f) = F(x, /(F (x, 1) +F(—x;, t)]}, taking advantage 
of the fact that c(x, t), in this case, is always a constant plus an odd 
function of x, whereas the geometrical effects are symmetric 
about x = 0. 


dichlorotriazinylaminofluorescein’, a derivative of fluorescein 
that forms a covalent bond with amino groups. About two-thirds 
of the fluorescein is bound to band 3 protein, with the remainder 
on glycophorin and other undetermined components®. Pro- 
cedures for cell labelling and fusion have been described pre- 
viously*. One set of experiments was performed on fused pairs in 
which only one member of the couplet was initially labelled. 
Figure 1b shows F(x,t), the fluorescence intensity profile, 
detected for such a pair shortly after fusion, while a focused laser 
beam was rapidly scanned along the long axis. (The apparatus 
used to measure F(x, t) is described elsewhere’.) The labelled 
cell (right side of scan) can be easily distinguished from the 
initially unlabelled cell (left side). The sharp peaks seen in these 
scans are due to the geometrical edge effect. The intermixing of 
surface proteins was followed as a function of time after fusion, 
by a series of many such scans over the course of ~1 h. After 1 h 
at 37 °C there was a considerable shift of fluorescence from one 
cell to the other (see Fig. 15). (This process is designated 
FRAF—fiuorescence redistribution after fusion.) 

A series of parallel experiments was performed on fused pairs 
of labelled cells using an intense laser beam to bleach the label 
on one of the cells. This is illustrated in Fig. 1c for a fused pair 
(from left to right) before bleaching, immediately after photo- 
bleaching (P) and after 1h of fluorescence redistribution 
(FRAP) at 37 °C. Note that the fluorescence profile after photo- 
bleaching by design is very similar to that observed initially for 
the fused pair in the FRAF experiment. 

In both cases, the extent of redistribution as a function of time 
is quantified by calculating (t), the experimental estimate of 
the distribution asymmetry’”, 


i 1 


c(x, t)dx (1) 
i 


MAH] xelx t) dx/| 


“1 2 
where x is the cosine of equatorial angle 6 (see Fig. 1), and c (x, £) 
is the concentration of fluorophore on the cell surface. c(x, 1) 
was calculated from Fix, t), correcting for the effects of cell 
geometry by dividing by the values of a fluorescence scan 
corresponding to uniform concentration (see Fig. 1). For 
diffusion on the surface of a sphere, each labelled component 
contributes an exponential term to u(t), with a relaxation rate 
proportional to the diffusion coefficient’. u(t) is not amenable 
to simple analysis for the complex geometry of the fused cell 
pair; however it does provide a means of rigorous comparison. 

Figure 2 shows semilog plots of average values of m(t) 
calculated for both sets of experiments, averaging the results 


from a total of 14 different pairs of fused cells. For the FRAP 
data, t = 0 corresponds to the time of photobleaching. The first 
two to three time points after bleaching reveal a rapid recovery 
phase not observed in the FRAF data. This difference is not 
unexpected, however, as the initial recovery after fusion in the 
FRAF experiments would be missed during the few minutes it 
takes to locate and position an appropriate fused pair. The 
agreement is seen to be excellent. 

We also evaluated the long-term diffusion characteristics of 
the cells, and the possible residual effects of the PEG treatment 
used to induce fusion. In the first case, we determined whether 
possible photo-induced cross-linking would introduce a truly 
immobile component to the bleached cells. Lower limits on the 
mobile fraction, calculated from residual asymmetries measured 
after overnight (~17 h) incubations in the dark at 37°C, were 
identical: 0.89 + 0.04 (8 measurements, FRAF) and 0.87+0.05 
(8 measurements, FRAP). 

The possible effects of PEG were examined by comparing the 
results of FRAP experiments on populations of single cells 
carried through the cell fusion procedures® with and without the 
addition of PEG. Figure 3 shows averaged values of f(t) for 
several such cells, demonstrating little apparent difference 
between the two sets of data. The straight line corresponds to an 
average diffusion coefficient’? of 3.8107! cm? 571. 

We have reported previously’ that laser irradiation of 
fluorescein dye bound to the external surface of resealed eryth- 
rocyte membranes can, in certain circumstances, lead to exten- 
sive protein cross-linking. At the same time, we observed that 
the extent of photodamage decreased when a given dose of light 
was applied in a shorter time with a higher intensity. An 
extrapolation of this effect to the higher intensities 

~10° W cm™”’) and shorter exposure times (~0.2 s) used in the 
FRAP experiments reported here might account for our results. 
In addition, we observed that reducing agents will prevent or 
rapidly reverse protein cross-linking. The erythrocytes studied 
here were unlysed and would therefore be expected to contain 
~ImM of reduced glutathione. Thus if oxidative cross-linking 
did occur, the reduced glutathione might be expected to reverse 
it. 

The question of photodamage due to heating has been 
raised'' and the haemoglobin-containing erythrocyte provides a 
critical test of that possibility. Haemoglobin absorbs at the laser 
wavelength (476.5 nm), so the bleaching beam would be expec- 
ted to heat the cells. As we observed neither immediate lysis nor 
a change in the diffusion rate of membrane proteins, we suggest 
that heating was not a problem. We would expect even less 





-0.754 
E 
F 
l à 
oA 
-1.04 Om 
aà 
S wi T 
= “hoy 5 
a “4 Co 
2s A “Poh, s 
| & “Phe 
PEP a 
in ey oo ; 
a 
440° 00 
1.5 A 4 
aaa aa a te a IN a De Da eae a Sat dca a a Mme egy Cee aaa aaa i 
0 18 30 45 60) 75 
f (min) 


Fig. 2 Semilog plots of averaged values of @,(1) calculated for 
both sets of experiments: O, FRAF and A, FRAP. The FRAF data 
are shifted relative to the FRAP 1=0 by the estimated average 
time elapsed between fusion and the first scan (~5 min), maximiz- 
ing the overlap between the two sets of data. The error bar 
corresponds to a typical standard deviation calculated for the 
random scatter of data, normalizing out the systematic variation 
from run to run in the ¢=0 intercept. All data were collected at 
IEE: 
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Fig. 3 Semilog plots of averaged values of 4,(t) for FRAP 
experiments on single erythrocytes at 37 °C with (A) and without 
(©) PEG pretreatment. The error bar corresponds to a typical 
standard deviation calculated for the random scatter of data, 
normalizing out the systematic variation from run to run in the ¢ = 0 
intercept. 


heating in other cells which do not absorb at the wavelength of 
the bleaching beam"’. 

There have been other reports*” of the absence of membrane 
damage effects during photobleaching experiments. Those 
studies, however, used the FRAP technique itself as a control, 
looking for changes induced by additional bleaching; thus they 
are subject to the argument that significant systematic error is 
introduced, but that it is saturated even at the minimum bleach- 
ing levels. The experiments described here rule out such an 
interpretation for FRAP experiments on the erythrocyte 
membrane. 

Wey et al.’ have recently demonstrated that the diffusion 
characteristics of rhodopsin in rod outer segments determined in 
fluorescence photobleaching experiments are essentially indis- 
tinguishable from the early measurements of diffusion in that 
system, based on rhodopsin absorption bleaching’. This result 
is complementary to our own. In the absence of an extrinsic 
protein matrix, rhodopsin diffusion in the disk membrane seems 
to be limited by the lipid bilayer viscosity’’. In contrast, band 3 
diffusion in erythrocyte membranes is limited by interactions 
with the submembranous protein matrix ‘***, as seems to be the 
case in most plasma membranes. Thus, both types of diffusion 
phenomena seem to be amenable to study by fluorescence 
photobleaching. 

We conclude that photobleaching of intact erythrocytes in 
aerobic conditions does not alter the lateral diffusion charac- 
teristics of the integral membrane protein, band 3. Because of 
the similarities of this plasma membrane to others, we suggest 
that the FRAP technique may prove to be a valid means of 
measuring the lateral mobility of plasma membrane components 
in most intact cells. 

This work was supported by USPHS grants GM-23585 (to 
D.E.K.) and HL-23795 (to M.P.S.). 


Received 23 April; accepted 27 June 1981. 


1. Schlessinger, J. & Elson, E. L. in Biophysical Methods, Methods of Experimental Physics (eds 
Ehrenstein, G. & Lecar, H.) (Academic, New York, in the press). 
2. Cherry, R. J. Biochim. biophys. Acta §89, 289-327 (1979), 
3. Sheetz, M, P. & Koppel, D. E. Proc. natn. Acad. Sci, U.S.A. 16, 3314-3318 (1979). 
4. Jacobson, K., Hou, Y. & Wojcieszyn, J. Expl Cell Res. 116, 179-189 (1978). 
5. Wolf, D. E., Edidin, M. A. & Dragsten, P. R. Proc. natn. Acad. Sci, U.S.A. 77, 2043-2045 
(1980). 
6. Bretscher, M. S. Trends biochem. Sci. §, VI-VII (1980). 
7. Blakeslee, D, & Baines, M. G. J. immun. Meth. 13, 305-326 (1976). 
8. Schindler, M., Koppel, D. E. & Sheetz, M. P. Proc. nam. Acad. Sci. U.S.A. 77, 1487-1461 
{1980}. 
9. Koppel, D. E. Biophys. J. 28, 281-291 (1979). 
10. Koppel, D. E., Sheetz, M, P. & Schindler, M. Biophys. J. 30, 187-192 (1980). 
11. Axelrod, D. Biophys. J. i8, 129-131 (1977). 
12. Wey, C.-L.. Cone, R. A. & Edidin, M. A. Biophys, J. 33, 225-232 (1981). 
13. Poo, M.-M. & Cone, R. A. Nature 247, 438-441 (1974). 
14. Sheetz, M. P., Schindler, M. & Koppel, D. E. Nature 285, 510-512 (1980), 
15. Koppel, D. E., Sheetz, M. P. & Schindler, M. Proc. natn. Acad, Sci. U.S.A. 78, 3576-3580 
(1981). 





6028-0836 /81/370161—03$01.00 





Pheromone binding and 
inactivation by moth antennae 


Richard G. Vogt & Lynn M. Riddiford 


Department of Zoology, University of Washington, Seattle, 
Washington 98195, USA 





The antennae of male silk moths are extremely sensitive to the 
female sex pheromone such that a male moth can find a female 
up to 4.5 km away’. This remarkable sensitivity is due to both 
the morphological and biochemical design of these antennae. 
Along the branches of the plumose antennae are the sensilla 
trichodea, each consisting of a hollow cuticular hair containing 
two unbranched dendrites bathed in a fluid, the receptor 
lymph”. The dendrites and receptor lymph are isolated from 
the haemolymph by a barrier of epidermal cells which secreted 
the cuticular hair“. Pheromone molecules are thought to 
diffuse down 100 A-wide pore tubules through the cuticular wall 
and across the receptor lymph space to receptors located in the 
dendritic membrane”. To prevent the accumulation of residual 
stimulant and hence sensory adaptation, the pheromone mole- 
cules are subsequently inactivated in an apparent two-step 
process of rapid ‘early inactivation’ followed by much slower 
enzymatic degradation®’. The biochemistry involved in this 
sequence of events is largely unknown. We report here the 
identification of three proteins which interact with the 
pheromone of the wild silk moth Antheraea polyphemus: a 
pheromone-binding protein and a pheromone-degrading 
esterase, both uniquely located in the pheromone-sensitive 
sensilla; and a second esterase common to ail cuticular tissues 
except the sensilla. 

[11,12-*H]trans-6,cis-11-hexadecadieny! acetate (40 Ci 
mmol’; NEN) the major component of the A. polyphemus 
pheromone’’, was prepared from the precursor trans-6- 
hexadecen-11-ynyl acetate ($. Golec and N. H. Anderson, in 
preparation). The labelled compound elicited similar elec- 
troantennogram responses as an unlabelled sample (supplied by 
Dr W. E. Roelofs). When antennal homogenates were 
incubated with the *Hgabelled pheromone for 30 min and the 
proteins separated by gel electrophoresis, a protein band unique 
to the male antennae was found to bind the pheromone (Fig. 1). 
This protein was neither found in other tissues (Fig. 16) nor in 
the haemolymph. It was present in large amounts (~ 15 wg per 
antenna) and had an apparent molecular weight (MW) of 
15,000, as determined by SDS-gel electrophoresis, Minor 
amounts of label were associated with another rapidly migrating 
protein in both male and female antennae and also with proteins 
which remained at the top of the gel (Fig. Ic). 

Several esterases were observed when gels were assayed for 
esterase activity using a-napthyl acetate and B-napthy! acetate 
as substrates (Fig. 1a). Two of these were of interest to us: one 
was associated only with the male antennae, the other with all 
cuticular tissues assayed (wing, head and abdominal epider- 
mis/cuticle, and trachea) but not with brain, ventral nerve cord, 
fat body or haemolymph. This latter esterase from female 
antennae was found to bind pheromone (Fig. 1c). In this assay, 
the esterase specific to the male antennae metabolized £- 
napthyl acetate alone whereas the integumental esterase 
metabolized both a- and $-napthyl acetate. To determine 
whether these two esterases were capable of degr 
pheromone, antennal branch homogenates. we 
phoresed and gel slices corresponding to the enz 
genized and incubated with excess °H-labelled pheromone. 
products were separated by TLC in toluene/propanol (20 
Both esterases degraded the pheromone (Rp = 0.95) - 
corresponding alcohol (Rp = 0.6) with the integumental este 
showing about five times as much activity per unit tissue 
male-specific esterase. By contrast, the 15,000-MW p 
when assayed in the same way, showed no degrad 
When the pheromone was applied directly to the wing suri 
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was degraded at a rate of 4.5 pmol min ‘cm *. Presumably this 
integumental esterase hydrolyses pheromone adsorbed to the 
general body surface and is similar to that found in the silk moth 
Bombyx mori `>. 

To localize the three proteins within the male antenna, we first 
compared whole antennal branch homogenates with sensilla 
homogenates (Fig. 2a, b). Both male-specific proteins, the 
15,000-MW protein and the esterase, were associated with the 
sensilla, but the integumental esterase was restricted to non- 
sensillar regions. When the receptor lymph of the sensilla was 
collected (by a method described elsewhere’) and analysed by 
microgel electrophoresis (Fig. 2c), both the male-specific 
esterase and the 15,000-MW protein were present. 

Because the 15,000-MW protein is specific to the 
pheromone-sensitive sensilla, is associated with the receptor 
lymph and binds the sex pheromone, we subsequently refer to it 


Fig. 2 Comparison of proteins from antenna and sensilla homo- 
genates and from receptor lymph of male A. polyphemus. Homo- 
genates were prepared as described in Fig. 1 legend except that 
0.005% Triton X-100 was included to ensure wetting of the 
hydrophobic sensilla, C, Coomassie blue stain; E, esterase stain’”. 
a, 8 mg antennal branches were homogenized in 200 yl Ringer's. b, 
Sensilla were cut from branches of 16 antennae with micro-scissors 
and homogenized in 2.5 ml Ringer's. Homogenates were micro- 
fuged, and the supernatant concentrated by vacuum dialysis (Pro- 
di-Con, Bio Molecular Dynamics) to 140 wl, then 30 wl of 50% 
glycerol were added. c, Two microgels comparing receptor lymph 
(left) and antennal branch homogenate (right). Receptor lymph 
was collected from 40 branches on to the outside of a lame-sealed 
micro-glass electrode by the method of Kaissling® and washed into 
4 wl of Ringer’s (Ephrussi—Beadle, 10 mM Tris-HCl, pH 7.0, 10% 
glycerol, 0.002% bromophenol blue). The entire 4 ul was elec- 
trophoresed on a single microgel” ! (10% non-SDS polyacrylamide 
tube gel, cast to § cm in a 10 wl Van-Lab micropipet with a 2-cm, 
5% stacking gel) at 100 pA constant current. The antennal branch 
micro-gel represents 4 ul of 3.7 mg branches homogenized in 
150 wl Ringer's. Arrows indicate 15,000-MW pheromone-binding 
protein (—>), the antennal specific esterase; ), and the general 
esterase (>). 
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Fig. 1 Comparison or proteins in 
homogenates of antenna and leg 
tissue from male and female A. 
polyphemus. Tissues were homo- 
genized in Ephrussi-Beadle Ring- 
ers (129mM NaCl, 4.7 mM KCl, 
1.9mM CaCl), 10mM Tris-HCI, 
pH 7.0, 10% glycerol. Samples were 
microfuged and 100! of each 
supernatant was incubated with 
~4 aCi *H-labelled pheromone for 
45min in Prosil-treated Corex 
tubes. 50 ul of each sample were 
electrophoresed on a 1.5-mm thick, 
12.5% native polyacrylamide slab 
gel'™!S. The gel was stained for 
esterase activity’” (a) or for general 
protein with Coomassie blue (b), 
then treated for 1 h in 1 M salicyclic 
acid for fluorography?’ (c). mA, 
male antennal branch homogenate, 
12.6 mg of tissue homogenized in 
300 ul Ringers; mL, male leg 
homogenate, 15 mg of tissue homo- 
genized in 1501 Ringer's; fA, 
whole female antenna homogenate, 
9.4mg of tissue homogenized in 
150 yl Ringer's. Arrows indicate 
antennal-specific esterase ($) and 
integumental esterase (>) (a) and 
15,000 MW _ pheromone-binding 
protein from the male antenna 
(—) (b, c). 


as a ‘pheromone-binding protein’. Pheromone-binding proteins 
may be a general feature of Lepidoptera. Our comparison of 
male and female antennal proteins of A. polyphemus, Antheraea 
pernyi, Hyalophora cecropia and Manduca sexta showed that 
each species has a male-specific antennal protein of comparable 
amount and electrophoretic mobility and, in each case studied, 
this protein bound the A. polyphemus pheromone”, Further- 
more, this protein has been shown to be the main protein 
component of the receptor lymph in A. pernyi’. 

We suggest that both the pheromone-binding protein and the 
esterases play some part in the sex pheromone reception process 
in A. polyphemus. The binding protein seems an unlikely 
candidate for a receptor molecule because of its site in the 
receptor lymph, its large concentration and its apparent lack of 
specificity for the pheromone of the species, at least in A. pernyi, 
H. cecropia and M. sexta. We suggest, rather, that it acts 
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Fig. 3 A model of the part played by the pheromone-binding 
protein (BP) and the sensilla esterase (est) during pheromone 
reception in A. polyphemus. After interacting with the presumed 
receptor (R) in the dendritic membrane to initiate sensory input, 
the pheromone (P) is inactivated by becoming bound to a 
pheromone-binding protein in the receptor lymph and 
subsequently degraded by a sensilla esterase. The pore-tubule is 
represented by a broken line near the receptor, to represent the 
uncertainty of the nature of the pore-tubule at this point”. P*, 
pheromone degradation product. 


together with the sensilla esterase to inactivate the pheromone 
after it has interacted with the presumed membrane-bound 
receptor. In this scheme (Fig. 3), pheromone would first diffuse 
down a pore-tubule to the presumed receptor, located in the 
dendritic membrane, to initiate sensory input. The pheromone 
would then become inactivated in a two-step process, first 
binding to a pheromone-binding protein in the receptor lymph 
and then being degraded by a sensilla esterase. The direction 
and rate of this process would be favoured by the large concen- 
tration of binding protein. 

Rapid clearing of residual pheromone from the sensilla is 
behaviourally important to the animal while following a 
pheromone trail as the moth must know immediately when he 
leaves the pheromone plume. The existence of such a process is 
supported by electrophysiological*® and behavioural’*’'® stu- 
dies. The integumental esterase would further ensure that any 
pheromone adsorbing to the body surface would be degraded so 
that the male’s body would not itself become a pheromone 
source. 

We thank Dr Simon Golec for synthesizing the precursor used 
in the preparation ot the tritiated pheromone and Dr Wendell 
Roelofs for a sample of authentic A. polyphemus pheromone. 
R.G.V. was supported by NIH National Research Service 
Award GM07270. This study was supported by NSF grants 
PCM76-18800 and 80-11152 to L.M.R. 
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Evidence that P, is not the 
active form of 
phytochrome in light-grown maize 


Harry Smith 


Department of Botany, University of Leicester, 
Leicester LE] 7RH, UK 


The biological activity of the plant photochromic photoreceptor, 
phytochrome, is generally thought to reside in P,,, the far-red- 
absorbing form, whilst the red-absorbing P, is inactive. This 
view is based solely on incomplete correlations between spec- 
trophotometrically detectable P,, and responses in etiolated 
tissues given brief light treatments’’. Studies of light-grown 
seedlings have recently revealed an inverse, linear relationship 
between phytochrome-regulated extension growth and phyto- 
chrome photoequilibrium (defined as P,,/(P,+P,,) and esti- 
mated from the spectral photon distribution of the actinic 
radiation)*~'°. Such a relationship could only fit the ‘P, as active 
form’ theory if P,+P,, (that is, P.u.) remained constant and 
independent of the light sources used. Here I report data from 
herbicide-bleached, light-grown maize seedlings which show 
that P is strongly dependent on the wavelength distribution 
of the radiation and that the amount of P,, does not correlate 
with growth $ 

Due to the overriding absorbance of chlorophyll, phyto- 
chrome can normally not be measured in light-grown leaves by 
in vivo spectrophotometry. The bleaching herbicide norflur- 
azon, however, prevents chlorophyll accumulation'’ and 
has no effect on the formation of phytochrome, thereby allowing 
the use of in vivo spectrophotometry '*~ *. Maize seedlings, sown 
in and watered daily with 5 x 10~* M norflurazon, were grown 
for 7 days in continuous white light with a red:far-red photon 
ratio simulating that of normal daylight, after which they were 
transferred for 72 h to a range of specially constructed growth 
cabinets'* providing equal amounts of photosynthetically active 
radiation, but differing red:far-red photon ratios simulating 
various degrees of vegetational shade**'”. In vivo spectropho- 
tometry showed that very small amounts of phytochrome were 
present, and in a survey of several maize varieties, a range of 
about 0.4-2.5 x 10°* AAA $$ was observed, using the standard 
14-leaf assay sample (see Fig. 1 legend). To ensure that the 
observed red/far-red (R/FR) absorbance changes were due to 
phytochrome, a P, minus P,, difference spectrum was con- 
structed and was shown to be identical to that previously pub- 
lished by Jabben’* for norflurazon-treated maize leaves, with 
absorption maxima at 665 nm and 725 nm, an isosbestic point 
at ~ 685 nm and a R:FR ratio of 1.2. 

Exposure of seedlings to the four available simulated-canopy 
light sources on days 7-10 led to substantial changes in the 
amounts of P,,,.,, present in the second leaf. Figure 1 shows the 
spectrophotometrically measured phytochrome (Poa) values 
obtained at intervals during the treatment period. At the start of 
this period, the mean Po value was 1.6 x 10°* AAA $55, and by 
72h there was almost twice as much phytochrome present in 
leaves treated with white light having a low red:far-red photon 
ratio (P/P oa = 0.36) than in identical leaves held under a high 
red:far-red ratio (P/P omi = 0.65). Thus, light sources estab- 
lishing a low proportion of Pa at photoequilibrium allow the net 
accumulation of phytochrome, whereas sources which establish 
a high proportion of P, lead to a net loss of phytochrome. These 
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Fig. 1 Changes in the total phytochrome content of norflurazon- 
treated maize second leaves following a transition in light quality. 
Zea mays L. cv. John Innes Hybrid No. 1. seeds (Asmer) 
imbibed for 4h in 5x 10°° M norflurazon [(San 9789) 4-chloro- 
5 -(methylamino) - 2 -(a,a,a -trifluoro-m -tolyl)-3(2H) ~pyradizi- 
none (97.5% pure)] and were watered with the same solution daily. 
Samples of 14 leaves, held closely pressed to each other by 
transparent adhesive tape, were placed, apex down, in plastic 
1Q-mm cuvettes, opaque except for apertures for the measuring 
and actinic beams, and inserted in a Perkin-Elmer dual wavelength 
spectrophotometer. The measuring beams, set at 660 and 730 nm, 
were 5 x 1.5 mm and traversed the leaves at ~ 7~12 mm from their 
tips. Actinic sources were set at 660 and 730 nm with Balzer 
interference filters, irradiating the sample from the side. Pio 
values were obtained by multiplying the AAASS$$ by 1.33 to 
account for incomplete photoconversion by the red actinic 
source'”, Samples were taken from seedlings grown for 7 days (fo) 
in a white light cabinet (R:FR 0.6928, 178 pmol m™’s”?, 400- 
800 nm) and at 24-h (f24, tag, t72) intervals after transfer to four 
cabinets, each giving equal 400-700-nm photon fluence rates 
(40 pmol m`? s~'), but having different amounts of added FR thus 
establishing different phytochrome photoequilibria. 


observations can be explained if the phytochrome of the light- 
grown plant is similar to that of the dark-grown plant, in which P, 
-is virtually stable but P, is rapidly destroyed. 

The amounts of phytochrome present were too low to allow 
reliable direct measurement of amounts of P, and P,, by in vivo 
spectrophotometry. Using dark-grown maize leaves, which 
contain ~ 50 times more phytochrome, the P,,/P...4: established 
by the four light sources was confirmed to be equivalent to the 
values derived from the spectral photon distributions. 
Consequently, it was possible to calculate the P, and P,, amounts 
which would be present at photoequilibrium in the norflurazon- 
treated maize leaves in the four cabinets from the directly 
measured Poa values. 

Figure 2 shows how the levels of Poan P, and P,, change during 
the 3-day treatment period. The relationship between photo- 
equilibrium and each of the three parameters changes markedly 
between to and ?,.. Note that the amount of P, becomes virtually 
independent of the red:far-red photon ratio of the light at 
steady-state, thus neatly confirming the prediction of Schafer'® 
that, at steady state under continuous irradiation, P, concen- 
tration should become independent of wavelength. 

To establish the appropriate correlations between the 
measured phytochrome parameters and growth rate, it is 
important to measure growth rate at different times during the 
treatment period. Owing to their limited growth capacity, it was 
not possible to obtain all the required data from norflurazon- 
treated seedlings, although it was shown that second-leaf 
extension during days 7~9 was inversely related in a linear 
manner to the P,,/Pisa established by the incident radiation 
(Fig. 3a). This fact is of interest in its own right, because it shows 
definitively that neither photosynthesis nor the photosynthetic 
pigments can be responsible for the observed responses to 
red:far-red light quality. Also, the responses to light quality in 
norflurazon-treated maize are qualitatively similar to those 
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Fig.2 The relationship between maize leaf phytochrome content 

and the estimated phytochrome photoequilibrium established by 

the incident radiation. The data of Fig. 1 are expressed as a function 

of the photoequilibrium established by the light sources. Pa 

contents were obtained by multiplying the measured Pora values 

by the appropriate P;,/P,..4, values, and P, contents were obtained 
by difference. 
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Fig. 3 Relationship between maize second leaf growth and the 
estimated phytochrome photoequilibrium established by the 
incident radiation. Seedlings pre-grown for 7 days in a white-light 
cabinet were transferred tothe four light quality cabinets (see Fig. 1 
legend). The length of the second leaf was measured from the 
coleoptilar node to the tip at day 7 (tẹ) and at the stated times later. 
a, Norflurazon-treated seedlings, leaf length measured at t4g and 
the increment expressed as a proportion of the length at fo; b, 
seedlings untreated with herbicide, leaf length measured at t34, tag 
and t73, each 24-h increment in length being plotted directly; c, as 
in b but with each 24-h increment plotted as a proportion of the leaf 
length at the beginning of that 24-h period (that is, ¢,); d, asin b but 
transferred to the treatments cabinet for 1h only, followed by 
growth in complete darkness. The standard errors for all 
measurements were between 4% and &% of the means. 


previously observed in a range of other plants*’, supporting 
recent claims that the herbicide treatment has little effect on 
phytochrome-mediated responses? T7. 

To measure growth rate at daily intervals green (that is, not 
herbicide treated) seedlings were used. The absolute growth rate 
data in Fig. 3b show that the daily increments in leaf length (AJ) 
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were inversely related to the estimated phytochrome photo- 
equilibrium in an approximately linear manner throughout the 
3-day treatment period. Comparison with Fig. 2 shows clearly 
that although growth rate during the first 24h was inversely 
related to P, amount (or concentration) at tọ, such correlations 
became progressively more difficult to make until, at t4 to t72, 
growth rate appeared independent of P, amount. Figure 3d 
shows that the growth differences recorded in Fig. 3a-c are not 
merely effects of the light quality transitions at tẹ and must be 
due to continuous modulation of growth rate by light quality 
throughout the t)-t,, period. These data show that growth rate is 
not a function of the P,, amount or concentration. Nevertheless, 
during the whole 3-day treatment period, growth rate is clearly a 
function of photoequilibrium and, therefore, under phyto- 
chrome control. 

These observations are not consistent with the simple ‘P, as 
active form’ theory, nor can they be readily accommodated by 
the current complex models of phytochrome action +% based on 
P,, as the active form. To account for phytochrome action in 
light-grown plants, therefore, we must abandon the present 
doctrinaire adherence to the view that P, is the only active form 
of phytochrome. 

I thank Mr Michael Jackson for technical assistance, Mr C. 
Kelsby and Mr J. Wall for the original discussions on which these 
experiments were based, and Sandoz AG for a gift of 
norflurazon. 
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Xenon as a solvent 


P. M. Rentzepis & D. C. Douglass 


Bell Laboratories, Murray Hill, New Jersey 07974, USA 


The properties of pure xenon have been extensively studied and 
techniques have been developed for its use in, for example, the 
preparation of inert solid matrices, the filling of ionization 
chambers and as an anaesthetic in medical research. However, 
the use of liquid Xe as a solvent has been limited to a few 
small-molecule solutes such as hydrogen halides and formalde- 
hyde, in a temperature range below and near the Xe melting 
point”. We now present experimental evidence in the form of 
UV, visible, IR and NMR spectra which show that liquid Xe can 
be used as a fluid solvent for several biological and organic 
molecules at temperatures from near room temperature to 
~ —100 °C. Solid Xe solutions also provide a means of studying 
spectra of large or heat-sensitive molecules which cannot be 
investigated by traditional matrix isolation methods. 

Xe is particularly useful among the rare gases because its 
liquid phase occurs in the fairly convenient conditions of ~16 °C 
and 58 atm so that solution studies can be carried out near room 
temperature. Its large polarizability relative to that of other rare 
gases means that Xe may be expected to have significant, but not 
chemically or structurally disruptive, interactions with solutes: 
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Fig. 1 IR spectra of benzeneis) dissolved in quid xenon at 

~14°C. Recorded by a Perkin-Elmer IR spectrophotometer. A, 

C.H, dissolved in liquid Xe. B, C.D, dissolved in liquid Xe. The 

curve labelled b is a background spectrumand the curve labelled a 
is CDe absorption. C, CFs m liquid Xe. 


Xe should approach the behaviour of an ideal inert solvent. 
Because of its optical transparency in most of the vacuum UV 
and all of the UV, visible and IR spectra: regions, spectra may be 
recorded with Xe over a very wide spectral range without 
altering the character of the molecular environment. Moreover, 
change in spectral features arising from an environmental 
change, solvent fluorescence or spectral interference, is also 
avoided. When the solutions are cooled to low temperature and 
frozen, sharp bands similar to those observed for frozen matrices 
are often observed. The use of Xe sclutions is therefore not 
restricted to vaporizable molecules, as is the case for low- 
temperature inert matrix media. 

As Xe liquifies below 16°C, and can thus be solidified by 
lowering the temperature still further, solute spectra can be 
monitored continuously from the gas phase through the liquid 
state and into low-temperature solids. The same observation cell. 
may be used over the entire range of conditions by modest 
pressure and easily implemented temperature changes. We- 
believe this to be a novel system for studying gas, liquid and solid 
properties over a wide range of density and temperature. Our 
technique offers the possibility of carrying out many types of 
kinetic and absorption, emission, Raman and NMR spectro- 
scopic studies. 

The apparatus used for the Xe experiments consists of a- 
high-pressure, low-temperature distillation system which allows 
purification and storage of Xe under high pressure. The optical 


cell is machined from stainless steel and usually contains four 


windows, a thermocouple and a transfer tube, The cell windows 
are 5/16 inches thick and 9/16 inches in diameter. They are 
sealed with viton or indium o-rings and held i place by stain- 
less-steel flanges. The windows are KRS-5 or Csi fc R 
region and quartz or sapphire for the UV a 
The cell is attached to the end of a low-temperature I 
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Fig.2 A, 90 MHz proton NMR spectrum of a ~15% solution of 
hexadecane in liquid Xe at 0°C, B, IR spectra of hexadecane 
dissolved in liquid Xe at ~14 °C. 


temperatures >77 K and to a cryotip for temperatures <77 K. 
The optical path length of the cells ranges over 2-8 mm. 

Optical spectra are obtained in the following way. Solute is 
introduced into the bottom of the cell and the windows are 
sealed. A background spectrum is recorded before admission of 
Xe, the cell is pressurized with room temperature Xe to 
~1,000 p.s.i. and a second background spectrum is then recor- 
ded. Next the cell is cooled 0-15 °C and allowed to fill with liquid 
Xe. Spectra of the solute are then recorded until absorption 
reaches a plateau. The Xe used in all our experiments may be 
returned from the cell through a purification column to a 
reservoir, and so may be used repeatedly. 

Figure 1 shows the IR spectra of benzene, D,-benzene and 
perfluorobenzene in liquid Xe. The spectrum of benzene in Xe 
clearly differs from that of benzene alone. The large change in 
absorption in several regions of the spectrum indicates the 
presence of Xe~benzene interactions, perhaps analogous to 
those observed in gaseous rare gas/hydrogen halide mixtures*”® 
as well as in solid matrices’. 

Solutions of benzene and toluene in Xe, at 0°C and equili- 
brium vapour pressure, show NMR dilution shifts of ~10%, 
which is nearly the same as observed for the corresponding 
carbon tetrachloride solutions, that is, 6,—&)=~0.65—0.70. 
Hydrocarbons of modest size are readily soluble in Xe. For 
example, Fig. 2 shows the 90 MHz proton NMR and IR spectra 
of hexadecane in liquid Xe. The NMR spectrum corresponds to 
a 15% solution at 0°C and the IR spectrum to a less concen- 
trated solution at 14°C. In the NMR experimental conditions 
used here, resolution is significantly compromised by the neces- 
sity of obtaining a spectrometer lock signal from a sample of 
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Fig.3 IR spectrum of polypropylene glycol dissolved in liquid Xe 
at 14°C. 
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Fig.4 The UV spectrum of 9-bromoanthracene in Xe at 14°C. 


D-0 in an annular space surrounding the thick-walled 5-mn 
NMR tube. The sample tubes were generally sealed with a smal 
KEL-F valve and viton o-rings. 

Other molecules soluble in Xe include hydrocarbons such a: 
hexane and dodecane, organic acids, methyl ethyl ketone, ethers 
and even polymeric viscous liquids such as polypropylene glyco! 
(molecular weight ~4,000), the IR spectrum of which is shown 
in Fig. 3. Water is also soluble in Xe and several biological 
molecules are very slightly soluble (~107° M). 

Even at low solubilities spectra are often sufficiently well 
resolved and intense to permit vibrational assignments and 
kinetic studies with visible and UV spectroscopy. For example, 
Fig. 4 shows the UV spectrum of 9-bromoanthracene in liquid 
Xe solution at ~14 °C. 

Clearly, a large number of molecules can be expected to be 
soluble in liquid Xe and thus their spectroscopic reactions and 
relaxation properties can be studied over wider ranges of condi- 
tions than is readily available with any other single medium. 
Experiments in which relaxation of excited molecules is 
measured from the isolated molecule to high density conditions 
will be reported elsewhere. 

We thank Dr P. C. Milner for valuable discussions and Mr S. 
D. Rand for technical assistance. 


Received 3 April; accepted 15 July 1981. 


. Robinson, G. W. Adc. Chem. Ser. 36, 10 (1962). 

. Kwok, J. & Robinson, G. W. J. chem. Phys, 36, 3137 (1962). 

. Goldring, H., Kwok, J. & Robinson, G, W. J. chem. Phys. 43,3220 (1965). 

Van Aals, R. M. & Van Der Elsken, J. J. chem. Phys. Lett. 23, 198 (1973). 

Calado, J. C. G. et al. JCS Faraday Trans. I 71, 1372 (1974). 

Maier, W. B. Freund, $. M., Holland, R. F. & Beattie, W. H. J. chem. Phys. 69, 1961 (1978), 
. Maier, W, B., Holland, R. F., Freund, $. M. & Beattie, W. H. J. chem. Phys. 72, 264 (1980). 
- Rank, D. H., Rao, B. S. & Wiggans, T, A. J. chem, Phys. 37, 2511 (1962). 

. Rank, D. H., Sitaram, F., Glickman, W. A. & Wiggans, T. A. J. chem. Phys. 39,2673 (1963). 
. Leroy, A. & Dayan, E. Cr. hebd. Séanc. Acad. Sei., Paris B268, 48 (1969). 


RELL EE SAL METAR IAEA I OR EE STE EI ATR ENTS ET RR EE 


ee ee a D oet 


at 


Voyager 1 at Saturn 


The new results from Voyager 1, along with the description 
of the Voyager 2 mission by project director Dr Edward 
Stone, which appeared in Nature of 20 August are being 


reprinted in a glossy, 88-page booklet. 


Copies can be ordered from Nature’s offices in London, Basing- 
stoke and New York at the following prices (including postage): 
UK £2.00 each; USA & Canada US$4.00; Rest of World £2.50 
(surface), £3.00 (air). 
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A chemical approach to 
orogenesis 


ALLEGRE AND BEN OTHMAN’ have 
used the Nd-Sr isotopic relationship to 
determine the genesis of granitoid rocks. 
They classify granitoid rocks younger than 
~350 Myr into four different geodynamic 
environments: (1) island arcs (Japan); (2) 
continental subduction zones (Andes); (3) 
complex subduction areas (Southern 
California Batholith, Sierra Nevada) 
and (4) continental collision zones 
(Himalayan and European Hercynian 
granites). 

Here I point out that there are problems 
with such a generalized classification. In 
particular their interpretation, at least of 
the ‘continental collision situation’ with 
which I am most familiar, is misleading in 
the use of literature and ignores the 
established geological framework of the 
Himalayan granitoids. 

Figure 1 illustrates the principal grani- 
toid belts of South Central Asia; each 
lineament represents a suite of granitoid 
rocks of characteristic petrology, geo- 
chemistry and age. Himalayan granitoids 
have been divided into two groups: the 
so-called ‘tourmaline granites’ of the 
Great or Higher Himalaya and the 
‘granites-granodiorites’ of the Lesser 
Himalaya*. The Higher Himalayan 
granites are leucocratic, aluminium- and 
alkali-rich two-mica granites of probable 
post-Eocene and pre-Pliocene age” °. The 
Lesser Himalayan aluminous granites 
have been shown’ to form a series of 
disconnected plutons within a linear belt 
of Lower Palaeozoic age. As for the 
Transhimalayan—or Ladakh—batholith, 
it belongs to another mountain range and 
is really a complex association of plutonic 
rocks, possibly of Upper Cretaceous to 
Eocene age’. 

The Ladakh batholith is stated’ to 
“represent the granitoids associated with 
the major collision between India and 
Eurasia”. In plate tectonic terms such a 
statement is misleading. A more likely 
interpretation is that the batholith cor- 
responds to an island arc™ and there is a 
general agreement that it represents the 
trace of the subduction of the oceanic floor 
of the Tethys during its closure. It should 
thus have been included in one of the 
three other proposed geodynamic 
environments. 

Such confusion on a regional scale also 
persists on a more local level. The Makalu 
is associated to Kakani as the Makalu- 
Kakani granitoid with no explanation. 
One is a tourmaline-beryl-bearing peg- 
matite 6km north of Kathmandu 
(Kakani), whilst the other is a Higher 
Himalayan granite (the Everest granite) 
200 km away from Kakani. Similarly the 
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Fig. 1 Localization of some granitoids belts close to the Indo-Eurasian boundary. a, The 
five main granitoid trends are: I, Karakorum; II, Transhimalaya; III, North Himalaya; IV, 
Higher Himalaya; V, Lesser Himalaya (adapted from ref. 15). b. Granitoids belts of the 
eastern central part of the Himalaya and Transhimalaya, with the localization of the main 
Himalayan plutons. 1, Transhimalayan batholith; 2, ophiolites of the Tsangpo suture; 3, 
North Himalayan alignment; 4, Higher Himalayan leucogranites; 5, Lesser Himalayan 
granites; MCT, main central thrust; MBT, main boundary thrust. c, Cross-section showing 
the localization of the three main belts of granitoid’: 1, the Transhimalaya batholith, north 
of the suture; 2, ophiolites of the Tsangpo suture; 3, Higher Himalayan leucogranites; 
4, Lesser Himalayan granites. 
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granites come from two different belts 
with different petrologies and chemistries, 
and differ in age by nearly 500 Myr (refs 
7, 8). 

A whole rock Rb-Sr isotopic age 
determination has been published’! on 
samples of the Manaslu leucogranite that I 
collected in 1974. The age, given as 
29 Myr in the text and as 28 Myr in the 
table, was first questioned by Vidal’. 
Subsequent studies by Vidal on the same 
samples and also new samples collected in 
1975 have confirmed the complete lack of 
an isochron: the data only give a scatter 
diagram'*'* of which Allègre at least was 
aware. 

Furthermore the initial Sr ratios are said 
to be “around 0.780”, a value obtained as 
some average between the value of 0.7408 
for the Manaslu granite (Higher 
Himalaya, probably Miocene) and 0.8000 
for one sample of the Palung granite 
(Lesser Himalaya, Lower Palaeozoic). 
Can such averaging have any geological or 
geochemical significance? 

Let us now consider the Himalayan data 
in Table 1 of Allègre and Ben Othman’. 
For the Ladakh batholith, on samples 
collected by a group including myself, 
HB 74, a diorite, is a tonalite, and HB 68, 
a granodiorite, is actually a quartz- 
monzodiorite. In addition to this 
inversion, the values for ex, in the two 
columns of their Table 1 are neither the 
same nor correct when recalculated using 
the data given in the other columns. The 
sources or the reliability of the ‘real age’ 
values listed are difficult to establish: 
28 Myr is from the no longer valid iso- 
chron for the Manaslu; 26 Myr for the 
Makalu has never been published; and 
51 Myr for Ladakh deserves an explana- 
tion given that many others have failed to 
obtain an age. There are also inconsisten- 
cies with the *’Sr/*°Sr ratios given for 
Ladakh in Table 1. The ratios were never 
published by Hamet and Allégre''; in fact 
the two samples were only collected dur- 
ing the summer of 1976. 

Finally many of the references given 
concerning the Himalayas are misleading, 
inadequate, or ill referenced. 

Although I have only looked closely at 
the Himalayan section, the above com- 
ments must question their conclusions. 
Despite this, the Allégre and Ben Othman 
article presents an important group of Nd 
isotopic results. But surely progress in 
geochemistry cannot be made by ignoring 
the geological relationships. 


PATRICK LE FORT 


Centre de Recherches Pétrographiques 
et Géochimiques, 

BP No. 20, 

54501 Vandoeuvre lès Nancy, France 





Manasiu, Makalu and P alung plutons are 
grouped together even though these 
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ALLEGRE AND D. BEN OTHMAN 
REPLY-—-LE FORTS does not really 
challenge the main point of our inter- 
pretation, namely the participation of 
recycled crust in the formation of the 
Himalayas granitoids. His detailed points 
do not challenge the increase of such 
recycling with time. 

We stated that the granitoids seem to be 
slightly different and not well dated either. 
Space constraints prevented any details; 
however, these would not have affected 
our conclusion. As the ages range from 
Trias to Miocene, the ena initially deter- 
mined is independent of age. The quoted 
values of the *’Sr/*°Sr_ initial ratio 
(~0.780) are indeed not very precise as we 
stated but, despite the spread in the data 
our basic conclusion is correct. In any 
case, they are very different from mantle 
values around 0.702 to 0.705. A detailed 
age discussion would not be warranted at 
this stage. We believe that the Ladakh 
granitoids’ origin is only a minor problem 
here. We used the expression “associated 
with” because we did not want to enter 
into the debate about their origin. Le Fort 
interprets it as an island arc but others 
differ especially with respect to the age of 
collision which seems to be Cretaceous (F. 
Proust and M. Colchen, personal com- 
munication), whereas Ladakh seems to be 
a complex body with different plutons 
which give a variable age from 45 Myr 
(ref. 1). Again, we did not want to contri- 
bute to this controversy as our objective is 
very general and we wanted to consider 
the tectonic situation at large. Whatever 
the detailed geodynamical process 
presumably Ladakh would still be “asso- 
ciated” with the Asia—India collision. 

Andrieux et al.” have already presented 
a tectonic interpretation of the general 
area of Makalu; thus a discussion of 
Makalu would be irrelevant to our paper. 
We are more interested in their place in 
general tectonics. For example Le Fort 
previously interpreted’ this kind of grani- 
toids as linked with the so called ‘‘reverse 
metamorphism” of the MCT. We know 
now that this “reverse metamorphism” is 
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a theoretical model which is no longer 


consistent with recent field data’. 

Note that we have tried to avoid such 
genetic debates and that we only consider 
the large tectonic relationships from this 
point of view. Mattauer® was the first to 
interpret the Hercynian chain in western 
Europe in terms of collision tectonics. 
Granitoids are part of an orogenic seg- 
ment. As we clearly stated, we use this 
type of general argument to put the 
Hercynian granites in such categories. 

Le Fort mentioned inappropriate 
referencing. We agree that we could have 
provided a much more complete set of 
references; however, given the scope of 
Our paper we only had space to refer to a 
few important papers. But we note that as 
three of the key references given by Le 
Fort are ‘in the press’ they cannot be 
quoted by us. 

We thank Le Fort for pointing out that 
there are obvious dangers in developing a 
general model such as ours on the basis of 
a small number of samples. And, of 
course, we agree that, ultimately, close 
attention has to be given to the detailed 
regional geology. Nonetheless, we feel 
that our more global approach has an 
important role to play. The required cor- 
rections affect neither the conclusion of 
Our paper nor the general line of 
reasoning. 


C. J. ALLEGRE 
D. BEN OTHMAN 


Laboratoire de Géachimie 
et Cosmochimie, 
Universités de Paris 
6 et 7, 4 Place Jussieu, 
75230 Paris Cédex 05, France 
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Corrigendum 


In the letter ‘Ordering of aluminium and 
silicon in synthetic faujasites’ by S. Ramdas, J. 
M. Thomas, J. Klinowski, C. A. Fyfe and J. S. 
Hartman (Nature 292, 228-230; 1981), the 
sixth paragraph should begin ‘Closer examina- 
tion of Fig. 2 reveals that para occupancy of 
type IT rings begins at Si/Al = 1.40 and not at 
Si/Al = 1.67 as postulated by Dempsey et al.’. 
We suggest...’ 


Erratum 


In the letter ‘The phosphatidylinositol cycle 
and the regulation of arachidonic acid produc- 
tion’ by E. G. Lapetina, M. M. Billah and P. 
Cuatrecasas (Nature 292, 367-369; 1981), the 
last sentence of the first paragraph should read 
‘The correlation in platelets of a phos- 
phatidylinositol response and the deacylation 
of the resultant phosphatidate by a specific 
phospholipase A, might suggest that these 
phenomena are applicable to activations in 
other cell systems’. 
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French science under a benign bureaucracy 
Robert Fox 
Science and Polity in France at the End of 


the Old Regime. By Charles Coulston 
Gillispie. Pp.601. ISBN 0-691-08233-2. (Prince- 


SINCE the 1660s, when Colbert first 
perceived that the act of patronizing the 
nation’s savants might add to the lustre of 
the Sun King, French science has depended 
on the support of government to a degree 
unmatched elsewhere in Europe. The state 
of dependence has on occasions shown its 
darker side: in the 1850s, for example, 
Napoleon III’s Ministry of Public 
Instruction was a byword for parsimony 
and for incomprehension of the true needs 
of scientific research. But, in general, the 
story has been otherwise, with scientists (in 
search of funds and public authority) and 
statesmen (in search of national prestige 
and technical expertise) finding a 
community of interest unknown in other 
realms of intellectual life. 

The community of interest was never 
more evident than in the period treated in 
Professor Gillispie’s learned and absorbing 
book. That, at least, is the implication of 
his meticulously detailed account of the 
main institutions and personalities of 
French science in the 15 years that 
separated the beginning of Turgot’s 
ministry in 1774 from the Revolution. By 
then, the Enlightenment, as we normally 
define it, was virtually over; yet en- 
lightened spirits survived in the 
administration, working not at criticism 
and abstract prescription (in the manner of 
the Encyclopaedists) but at the practical 
business of rationalization and reform. In 
their task, modern-minded political leaders 
from Turgot to Breteuil looked to men of 
science to advise on the production of 
gunpowder and munitions, to improve 
public health and agriculture, to man the 
state-owned manufacturing enterprises at 
Sèvres and the Gobelins, and to serve as 
(and in turn to train) engineers in the 
various state corps, both civil and military. 
In the process, they not only brought 
together the worlds of science and polity 
but also, and even more importantly for 
Gillispie, caused an unprecedented 
expansion of the institutional provision for 
scientific work and education. 

Gillispie’s interpretation rests on a belief 
that the state’s involvement was almost 
invariably benign. He shows how scientists 
and engineers of the stature of Lavoisier, 
Berthollet, Vicg d’Azyr, Monge and 
Coulomb, all of whom benefited from the 
new possibilities of career-making, were 
glad to assume the mantle of public 
servants, seemingly untroubled by any 
thought that such roles might conflict with 
their quest for a scientific reputation or 
damagingly reduce their freedom. The 
analysis of Science and Polity makes good 
sense of this compliance. For the accolade 
of official recognition and the opportunity 
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of appearing as the benefactors of society 
gave welcome substance to the scientists’ 
claims to professional status. It is no 
wonder, therefore, that the state was 
regarded as the benevolent partner of the 
scientific community, while the enemies of 
science were identified elsewhere, in the 
world of the charlatans on the shady 
fringes of respectability. The very fact that 
certain pretenders to scientific competence 
were instantly recognized as threats is the 
surest touchstone of an incipient 
professional self-consciousness which 
united the Academy of Science in its 
opposition to Mesmer’s notions of animal 
magnetism and in its frosty disregard of the 
physicist and future regicide, Marat. At the 
time, there could have been no conception 
of the age of the professional academic that 
was to dawn in the nineteenth century. But 
the possession of esoteric natural know- 
ledge was already seen as a bond which 
distinguished such diverse groups as 
doctors, engineers, astronomers and 
industrial chemists from the rest of society, 
not least from the cultivated men of letters. 
Increasingly, and quite irrevocably by the 
time of the Revolution, it set the trained 
technical expert apart from, and in his own 
view above, those encyclopaedic general- 
ists who had embodied enlightenment only 
30 years before. 

Readers of this book who know 
Professor Gillispie’s earlier writings will 
recognize in it some of his favoured 
themes. His conviction of the nobility of 
the scientific enterprise is undimmed, 
though his handling of the quacks, Mesmer 
and Marat, is restrained and sensitive; his 
preference for doers rather than the layers 
of plans and the writers of manifestos is 
evident in his admiration for Turgot and 
(presumably) in the meagre space allotted 
to the wordy and ineffectual idéologues. 
Above all, there is scholarship as thorough 
as ever, and a knowledge of French ways 
and a love of France without which no 
Anglo-Saxon could ever have embarked 
upon such a formidable task. As a com- 
prehensive work of reference on the 
official face of French science in the 1770s 
and 1780s, itis hard to imagine that Science 
and Polity will ever have its equal. There is 
still, of course, ample room for studies of 
the unofficial, voluntarist tradition, 
perhaps with a focus on the provincial 
academies or on private scholars and the 
teachers in the provincial collèges and 


universities. But the real meat of French 
science in the later eighteenth century is 
undoubtedly in these 600 closely printed 
pages. 

Professor Gillispie’s friends and classes 
of grateful pupils at Princeton have had. 
occasion to know that this book has been 
long in the writing — inevitably so, for in 
both conception and execution it is a work 
on the grand scale. I can pay it no greater 
compliment than to say that the wait has 


been well worth while. Ci 


Robert Fox is Reader in the History of Science at 
the University of Lancaster and President of the 
British Society for the History of Science. His 
most recent book, co-edited with George Weisz, 
is The Organization of Science and Technology 
in France, [808-1914 (Cambridge University 
Press, 1980). 
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Ice: How the Next Ice Age Will Come and 
How We Can Prevent it. By Fred Hoyle. 
Pp.191. ISBN 0-09-145320-8. (Hutchinson: 
1981.) £7.95, 
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IN my research-student days, a colleague. 
with literary ambitions threw his draft 
thesis on nuclear physics out of the window 
and settled down to write real fiction 
instead, although without much success. 
Fred Hoyle, in contrast, has succeeded in 
producing outstanding work in both astro- 
physics and science fiction, 

The reader of Ice may well ask whether 
this is a serious scientific study or a piece of 
science fiction. Although ostensibly 
written as the former, the answer is not 
entirely clear. Basic scientific concepts are 
described to the layman with considerable 
skill, but more emphasis appears to be 
given to the dramatic idea than to a 
balanced scientific assessment. 

Hoyle reviews a wide range of evidence 
on ice ages, taken from biological as well as 
physical sciences. The disappearance of 
biological species over short periods and 
geological evidence convinced him that 
climatic changes such as the onset and 
ending of ice ages take place suddenly. This © 
leads to the hypothesis that ice ages are 
started by the impact of vast stony 
meteorites (of the order of | km in 
diameter) and ended by impact of similar 
iron meteorites. The dust from the first 
impact shrouds the Earth so effectively for 
a decade that the surface is cooled rapidly, 
leading to the formation of extensive ice 
cover over land and chilling of the warm 
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survives due to colder conditions maintain- 
ing a protective screen of ice crystals 
diamond dust) in the atmosphere. A 
-further necessary condition is the presence 
of a large continent at a high latitude. 
..The author draws on many scientific 
papers and books to make his case. His 
sections on plate tectonics, on the Earth as 
a heat engine and on the probability of 
asteroid impacts give useful summaries, as 
io the technical notes on radiocarbon 
dating, on the Earth’s magnetic polarity 
and on oxygen isotope analysis. 
- However to make the case of his 
“instant” ice age, the author has to reject 
_ too many well-established concepts to con- 
-vince a scientific mind of the validity of his 
_ model. He refers to a ‘‘mistaken belief that 
dee ages were caused by an enormous 
expansion of mountain glaciers’’. He states 
that ‘Ice can, of course, flow any distance, 
as long as it does so on a downward slope, 
but across the North Sea we are not 
concerned with a downward slope’’. 
_ Because he considers ice cannot flow over 
< flat surfaces, he rejects the idea that 
< Scandinavian erratics could have been 
< ¿carried to England by ice sheet motion and 
< returns to the ice rafting concepts of last 
century. On inland regions, he suggests 
that erratics skate over smooth ice sheets, 
-even being blown uphill. It is not quite clear 
-if he is serious, as his introduction refers to 
_ this by saying, ‘‘If my attempt to find such 
a different process does not commend 
itself, I am happy to leave it to the reader to 
_ find a better one!’’. His proposal to 
- prevent the next ice age by pumping up 
_ deep ocean water for a millenium or more 
- must be seen as science fiction at this time. 
<c The search for evidence of meteorite 
Impacts and their effect on the Earth is a 
challenging problem that was recently 
_ discussed by Kyte et al. (Nature 292, 417). 
_ They found traces of meteoric debris of 2.3 
_ million years of age in a deep core from the 
Antarctic Ocean, but this was not 
associated with any biological extinctions 
= or environmental changes. However witha 
-minimum diameter estimated at 20 m, it 
< may not have been large enough to test the 
ice age hypothesis. The increasing evidence 
-àn favour of solar orbital hypotheses as a 
cause of ice ages is ruled out by Hoyle 
-because the total input of heat to the Earth 
-varies little, and he considers latitudinal 
< variation of heat input insufficient to cause 
< ice sheet growth. 
© > Jt seems surprising that Sir Fred Hoyle, 
< who has developed the idea of continuous 
-creation in the Universe, should go for a 
“big bang” theory of climate at this time. 
~ This is a pity as, with some restraint, more 
consideration of recent evidence such as 
: that from ice cores and some limited 
changes of argument, the book could have 
- provided an excellent layman’s guide to 
- problems of climatic change and ice ages. 





© G. de Q. Robin is the Director of the Scott Polar 
- Research Institute, University of Cambridge. 
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James P. ‘Kennett 


Paleoceanography. By T.J5.M. Schopf. 
Pp.341. ISBN 0-674-65215-0. (Harvard 
University Press: 1980.) $32.50, £17.50. 





UNTIL now, no book has attempted to 
bring together the various aspects of the 
burgeoning field of palaeoceanography, 
the newest of earth science disciplines and 
one almost undreamed of only two decades 
ago. Thomas Schopf’s Paleoceanography 
thus provides an important compilation of 
material about the ancient oceans. His is a 
holistic view — the recognition of the close 
interactions between the major com- 
ponents of the Earth’s environment. The 
breadth of inquiry is large, as required for 
any synthesis of data and theories on the 
ancient ocean’s environmental conditions: 
for instance, the reader will move from 
discussions about oxygen and carbon 
isotopes, to taxonomic diversity, to boron 
as a palaeosalinity indicator. 

schopf asks important questions about 
the evolution of the global ocean related to 
its origin, its volume, its chemistry and its 
life. For each of seven major parameters 
analysed, such as temperature and biology, 
he includes summaries of modern con- 
ditions, methods of study and history of 
change. We learn, for instance, that global 
biological productivity has not varied by 
more than a factor of two during the last 
3.3 billion years, even though taxonomic 
groups have undergone considerable 
change. 

An overview is attempted of the 
evolution of the oceans during the entire 
history of the Earth, but the size of this 
topic has naturally limited the scope of the 
book. Conspicuously absent, for the most 
part, are the recent findings on the deep 
ocean basins and pelagic realm which have 
resulted from the study of deep-sea 
sediments. The deep-sea drilling project is 
barely mentioned. Instead Schopf has 
concentrated his efforts upon the shallow- 
water marine sedimentary record and 
inevitably upon the pre-Mesozoic ocean. 
He is at his best when describing the 
Precambrian ocean. Those more interested 
in the late Phanerozoic record will need to 
look hard for information; nevertheless, 
Schopf usually attempts to work from first 
principles, and thus the student interested 
in any period will be enlightened. 

Although each of the chapters is well 
organized, the overall focus of the volume 
is somewhat elusive. This partly results 
from the lack of a final synopsis which 
could have usefully been included to 
integrate the numerous concluding state- 
ments from each of the chapters. A 
coherent evolutionary picture of the oceans 
does not emerge easily from this volume. 

Despite its limitations, this is a most 
informative and stimulating book which 


- should be read by all students of the ocean; 


after all the oceans are the product of their 


age to the ancient oceans 






history. The majority of palaeoceano- 
graphers — those working in the Cenozoic 
and late Mesozoic — will find the ocean as 
viewed by Schopf to be largely unfamiliar, 
but it should strengthen their 
understanding of more recent oceano- 
graphic evolution. The book has broad 
appeal and I would also recommend it as a 
text in senior-level courses dealing with 
palaeoceanography and marine palaeo- 
environments, not so much for its 
comprehensiveness, but because it will 
promote awareness of the more unfamiliar 
ancient ocean. {A 





James P. Kenneti is a Professor of Oceano- 
graphy at the University of Rhode Island, 
Kingston. 


Malaria: still cause 


for concern 
R.J.M. Wilson 


Malaria. Edited by Julius P. Kreier. 
Vol.1 Epidemiology, Chemotherapy, 
Morphology, and Metabolism, pp.416, 
ISBN 0-12-426106-9; Vol.2 Pathology, 
Vector Studies and Culture, pp.328, ISBN 
0-12-426102-7; Vol.3 Immunology and 
Immunization, pp.345, ISBN 0-12-426103-5. 
(Academic: 1980.) Vol.1. $49, £32.40; 
Vol.2. $38.50, £25.50; Vol.3. $39.50, 
£26.20. 





MALARIA remains the most important 
parasitic disease of human beings in terms 
of mortality and morbidity. In the early 
1950s, malaria eradication was attempted 
in many countries and as a result the disease 
receded from the temperate zone where its 
epidemiology was unstable. There has 
been, however, a major resurgence of 
endemic malaria in Central America and 
Southern Asia due to the emergence of 
vector mosquitoes resistant to insecticides 
and parasites resistant to. chemothera- 
peutic drugs, and to a reduction of malaria 
control measures as financial resources 
have been withdrawn. Today, the 
malarious regions of the world still 
encompass some 1,600 million people. 
Even in peripheral areas such as the UK, 
cases of malaria arising from business and 
tourist travel increased from 134 in 1970 to 
2,503 in 1979. Clearly, the slackening of 
malaria control measures has had serious 
consequences, and in this context it is 
ironic to note that the UK government has 
recently withdrawn its support to the 
WHO’s well-publicized Six Diseases Pro- 
gramme with its strong emphasis on 
malaria. 

In this volatile situation, a new broadly- 
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based treatise on malaria would be most 
useful. Unfortunately this trilogy is not 
what we might have hoped for. An oppor- 
tunity to update the invaluable works of 
Boyd (Malariology; Saunders, 1949) and 
Garnham (Malaria Parasites and Other 
Haemosporidia; Blackwell Scientific, 
1966) has thus been lost. 

The topics covered by the three volumes 
now offered include epidemiology 
(glaringly misspelt on the title page), 
chemotherapy, morphology and meta- 
bolism (Vol.1), pathology, vectors and 
parasite cultivation (Vol.2) and immuno- 
logy (Vol.3). The underlying fault, i feel, is 
the irritatingly disorganized substructure 
of many of the chapters in relation to the 
book as a whole. For example, in Vol.1 
Wernsdorfer’s opening chapter on ‘‘The 
Importance of Malaria in the World” 
commences not with epidemiology, but 
with a detailed review of parasite taxonomy 
with no fewer than 13 pages of taxonomic 
tables. Before getting round to his excellent 
summary of the epidemiology of malaria 
— a subject that deserved an expanded 
chapter on its own — Wernsdorfer also 
describes the life cycle of the parasite, a 
topic that would have been better dealt 
with by re-siting the later chapter on ‘*The 
Morphology of Plasmodia’’. 

In the next contribution, ‘‘Malaria in its 
Various Vertebrate Hosts’’, Garnham 
manages, to his credit, to keep the section 
on reptilian malarias well within bounds 
(three sentences), and writes a storming 
account that romps through all aspects of 
the malaria parasite’s interaction with the 
host and how disease results. Again, his 
interesting descriptions of pathology 
would have been more appropriate in the 
chapter devoted to this aspect in Vol.2, to 
which Garnham has to refer. A further 
example concerns the role of blood groups, 
receptors and haemoglobinopathies. These 
receive passing mention several times in 
each volume, without the critical assess- 
ment that a specialized section or chapter 
might have given. In the remaining 
chapters of Vol.1, Peters is a little short on 
molecular aspects of drug action but other- 
wise thorough, whilst Homewood and 
Neame continue to debunk the hard-won 
but sometimes suspect biochemical 
literature. 

Volume 2 opens with two uninspiring 
chapters on pathology (to find mention of 
algid malaria or pyrexia one has to go back 
to Vol.1 — even here algid malaria is not 
indexed). I think that for medical readers 
these chapters will be particularly lacking 
in breadth of interest. In contrast, the 
following sections on mosquitoes and the 
parasite’s developmental cycle therein, are 
practical and informative for the non- 
specialist. The challenge of cultivating the 
invertebrate stages of plasmodia is well 
expressed. Trager reviews various culti- 
vation methods for erythrocytic and 
exoerythrocytic stages of malaria parasites 
but leaves unsaid the problems of 
suspension culture. Much emphasis is 








placed on the use of RPMI 1640 but little 
on the importance of the gas phase. An 
interesting section summarizes his pion- 
eering work on the extracellular growth of 
erythrocytic parasites. 

It was annoying to find chapters even in 
Vol.3 still opening with statements such as 
“the malaria parasite develops in two 
hosts. . . °, or ‘‘the malaria parasite is a 
complex eukaryotic organism. ..’’. In 
addition Chapters 1 and 3 of Vol.3 are 
marred by many typographical errors and 
spelling mistakes: is it ‘‘pellicular complex 
(Aikawa, Vol.1) or ‘‘pelicule complexes” 
(Hamburger and Kreier, Vol.3), and what 
about ‘‘Egitt’’, ‘‘fc receptors’? and 
‘*sequellae’’? Grammatical howlers have 
crept through too — ‘‘plasmodia cause the 
red cell to enlarge by inhibition of water, 
thereby decreasing its density. . .”’ 

Despite these quibbles, Vol.3 contains 
an excellent account of some real progress 
made by immunization against sporo- 
zoites, as well as an authoritative review of 
gamete immunization. Immunity to the 
exoerythrocytic stage is evaluated and the 
prospect of an important debate is 
glimpsed in Siddiqui’s chapter on immuni- 
zation against asexual blood forms of the 
parasite — ‘‘The aim of human malaria 
vaccination at the present time is not to 
obtain sterile immunity . . . but to modify 
the clinical course of the disease’’. This 
discussion is taken up in brief appendices 
where further voices are heard (with the 
seemingly inescapable repetition of 
literature sources). But the inclusion of 
general statements by funding organizations 
at the end of the book seems inappropriate 
~~ perhaps they felt neglected. 

These volumes, then, contain a string of 
workmanlike reviews in typical Academic 
Press style: solid and informative but 
lacking the sharpness of an overall syn- 
thesis that might inspire the newcomer or 


revitalize the ‘‘jaundiced’’ specialist. 0 


R.J.M. Wilson is at the National Institute for 
Medical Research, Mill Hill, London. 


Ions in water 
Martyn C.R. Symons 
Ionic Hydration in Chemistry and 


Biophysics. Studies in Physical and 
Theoretical Chemistry, 12. By B.E. 


Conway. Pp.774. ISBN 0-444-41947-0. 
(Elsevier Scientific: 1981.) $131.75, 
Df1.270. 


DESPITE its grey, forbidding outlook and 
its formidable bulk this book is well worth 
reading, and will undoubtedly become an 
important reference work for those 
concerned with ions in water. It covers a far 
broader field than most of its predecessors 
except those that are multi-authored. Brian 
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_ Conway has been an authority on the 
-subject for many years and he is to be con- 
~ gratulated on completing this mammoth 
= task so satisfactorily. I am full of 
admiration. 
à Inevitably, the work is not without 
= flaws, some trivial, some rather more 
serious. It should be said, however, that 
= even in sum these do not detract 
_ Significantly from the importance of the 
book to those in this area of research. 
The main thrust is towards the measure- 
ment and interpretation of thermodynamic 
and electrochemical properties of aqueous 
solutions of ions. This is both lucid and 
_ thorough. Less thorough and less critical 
attention is given to spectroscopic studies, 
and there is almost no mention of the 
_ powerful tools of X-ray and neutron 
F diffraction. There is a chapter on non- 
-aqueous solvents, but I do not feel that the 
f results for such solvents are used to shed 
-light on the aqueous solution problems. In 
addition, the ordering of topics seems to 
me to be somewhat arbitrary: thus, for 
example, the key topic of solvation number 
-İs not discussed seriously until Chapter 29. 
This chapter nicely illustrates some of the 
historical quirks of the subject, but I would 
have been happier had the firm inform- 
ation that is now available regarding 
solvation numbers been used more 
incisively. 
Sections of interest to the biophysicist 
(and surely to biochemists, physiologists 
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etc.) include discussions on interfaces, 
transport through membranes and 
hydration of polyelectrolytes. 

Chapters concerned with the application 
of physical techniques, for example NMR 
spectroscopy, are each preceded by a 
(necessarily) brief introduction. I feel that 
some of these introductions fall between 
two stools, being too curt for the un- 
initiated, but unnecessary for others. Since 
such topics as NMR spectroscopy have 
been routinely taught to undergraduates 
for many years, I think that a book at this 
advanced level could have assumed a basic 
knowledge of such techniques. 

Having studied ionic solvation by ultra- 
violet spectroscopy for the past 27 years, 1 
was sad to find no mention of the use of this 
technique, especially since infrared and 
Raman spectroscopic studies are given fair 
coverage. I also think that the book would 
have gained by a consideration of solvated 
electrons. These interesting entities have 
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been studied in great detail and many of the 
results are of significance to the problem of 
anionic solvation. However, it is easy to be 
critical, impossible to be comprehensive 
and certainly impossible to please 
everyone. 

Finally, a small complaint about 
references. I realize that it is convenient to 
produce a list of references for each 
chapter. However, it would be far more 
convenient to the reader if these lists were 
collected together at the end of the book. 

I will certainly recommend this work to 
all interested in ionic solvation: they can 
wander through this forest of information 
and make it their own task to ‘‘see the wood 
for the trees’’. For the more general reader, 
absence of such an endeavour on the 
author’s part may make the book 
somewhat less satisfactory. go 





Martyn Symons is Professor of Chemistry at the 
University of Leicester. 


Hesse on post-revolutionary reconstructions 


R.G.A. Dolby 


Revolutions and Reconstructions in the 
Philosophy of Science. By Mary Hesse. 
Pp.271. ISBN 0-85527-268-6/ 
0-253-33-381-4. (Harvester Press/Indiana 
University Press: 1980.) £20, $22.50. 


MARY Hesse, Professor of Philosophy of 
Science at the University of Cambridge, is 
one of the leading British philosophers of 
science. The present book, her fifth, 
collects together a selection of ten of her 
papers which have appeared since 1965. A 
specially written introduction has been 
added. 

The book is concerned with the new 
empiricist philosophy of science which has 
emerged over the past few decades. 
Professor Hesse fully identifies with it, 
vigorously defending, for example, the 
theory-ladenness of all observation, and 
arguing that the importance of metaphor in 
science necessitates revision of the 
deductive model of scientific explanation. 
The primary purpose of the book is to help 
consolidate the new philosophy of science, 
by mapping out more clearly its central 
concerns and through careful discussion 
sorting the sensible from the silly. 

The book begins with a discussion of 
recent historiography of science, seeking to 
explain some of its peculiarities in terms of 
reactions to its past philosophical fashions. 
The second paper is the only one which has 
been significantly changed for the present 
volume; it is a study of ‘‘the strong thesis 
of sociology of science’’. This is the claim 
that true belief and rationality (in science) 
are as much to be explained by social 
causation as are error and non-rationality. The 
discussion tends to the conclusion that this 
apparently provocative claim is much 


weaker than it at first appears. In the 
second section of the book, Professor 
Hesse returns to some of the themes of her 
earlier writings to do with the relation of 
observation and theory, the function of 
metaphor and the nature of theory change. 
In addition, she discusses what changes the 
new developments in philosophy of science 
imply for such central concepts as 
objectivity and truth. The third section 
develops these issues by focusing upon 
hermeneutical philosophies of the social 
sciences, especially in the work of 
Habermas. The paper in the final section 
looks at the implications for theology of 
such ideas as the consensus theory of truth 
which were discussed in the earlier sections. 

A book such as this, which reprints 
learned articles, is primarily directed to a 
limited intellectual community centred 
upon philosophy of science. Much of it 
would be difficult reading for a more 
general audience. However, Professor 
Hesse is at her best in her lucid 
representation and examination of 
fashionable developments in related areas, 
from which she extracts the claims and 
arguments which have most interest to the 
new philosophy of science. In addition to 
recent history and sociology of science, for 
example, she discusses such figures as 
Habermas, Althusser and Monod. 

This collection of papers is to be valued 
for its consolidation of the new philosophy 
of science rather than for breaking new 
ground, and will be a valuable resource for 
all who are interested in the field. a 


R.G.A. Dolby is Senior Lecturer in the Unit for 
the History, Philosophy and Social Relations of 
Science, University of Kent at Canterbury. 
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Is Science Sexist ? 


And Other Problems in the Biomedical 
Sciences 


MICHAEL RUSE 
Dept. of Philosophy, University of Guelph, 
Canada 


1981, xx + 300 pp. + 50 illustrations 
Cloth Dfl. 80,—/US $ 42.00 ISBN 90-277-1249-2 
Paper Dfl. 32,50/US$ 14.95 ISBN 90-277-1250-6 


Ruse’s compelling enquiry, Sociobiology: Sense or 
Nonsense? (Reidel, 1979), was acclaimed by Edward 


Wilson as ‘the best written about the whole scope of 
sociobiology’. Now in a new collection of essays, 
Ruse brings the critical faculties of a philosopher to 
bear on a number of overheated issues in the bio- 
medical sciences. He reflects upon significant develop- 
ments in and claims made for evolutionary theory, 
sexual theory, and sociobiology. He defends evolu- 
tion against a stable of detractors (notably ‘scientific 
creationism’, the Lamarckist school, and Sir Karl 
Popper), questions the value of genetic counselling, 
and poses the controversial questions, ‘Is Science 
Sexist?’ and ‘Are Homosexuals Sick?’ 


D. Reidel Publishing Company 
P.O. Box 17, 3300 AA Dordrecht, Holland 
190 Old Derby St., Hingham, MA 02043,U.S.A. 
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AN EXPERIMENT 
WITH 
TIME 


AN 
EXPERIMENT 
WITH TIME 

J. W. DUNNE 


“J. W. Dunne’s predictive dreams, and his 
explanation within the time concepts of 
modern physics, are as fascinating today as 
they were when first published half a century 
ago.” Sir Bernard Lovell 


“Few works of non-fiction . . . have attracted so 
large and diverse a readership . . . few are 
remembered today with such affection; and few 
have been so influential . . .” Brian Inglis 


In 1927 J. W. Dunne published a book which was to 
inspire and excite generations of readers intrigued by 
that most fascinating paradox — Time. His speculations 
and conclusions are as fascinating and thought- 
provoking today as they were when first published. 


Now available in paperback at £3.50 


Circle No.40 on Reader Enquiry Card. 





Natural Resistance to 
Tumors and Viruses 


Editor: O. Haller 


1981. 22 figures. Approx. 150 pages. (Current Topics in 
Microbiology and Immunology, Volume 92) 

Cloth approx. US $31.00 

ISBN 3-540-10732-0 


Contents: M.A. Brinton: Genetically Controlled Resis- 
tance to Flavivirus and Lactate-Dehydrogenase-Elevating 
Virus-Induced Disease. — C. Lopez: Resistance to Herpes 
Simplex Virus — Type 1 (HSV-1). — O. Haller: Inborn Re- 
sistance of Mice to Orthomyxoviruses. — J.-L. Virelizier: 
Role of Macrophages and Interferon in Natural Resistance 
to Mouse Hepatitis Virus Infection. — V. Kumar, M. Ben- 
nett: Genetic Resistance to Friend Virus-Induced Ery- 
throleukemia and Immunosuppression. — R.M. Welsh: 
Natural Cell-Mediated Immunity During Viral Infections. 
— R. Kiessling, H. Wigzell: Surveillance of Primitive Cells 
by Natural Killer Cells. 


Natural resistance has come to be recognized as a poten- 
tially important phenomenon in host defense against in- 
fection and malignancy. Genetically-controlled resistance 
mechanisms usually go into effect early in infection be- 
fore conventional immune responses are generated. The 
common components of genetic resistance are comprised 
largely of natural killer cells, macrophages, and inter- 
feron. 

This volume provides insight into current concepts of such 
resistance mechanisms. It contains contributions from 
distinguished laboratories presently engaged in relevant 
research in this field. A variety of experimental systems 
are analyzed, covering genetic resistance in mice to flavi- 
viruses, herpes simplex virus, lactate dehydrogenase ele- 
vating virus, influenza viruses and mouse hepatitis virus. 
Other chapters deal with interesting aspects of resistance 
to leukemogenesis and immunosuppression by Friend 
virus, with the biological significance of natural cell me- 
diated immunity in viral infection and with tumor resis- 
tance and immune regulation by natural killer cells. 


1861/4/2h 


Springer-Verlag 
Berlin 
Heidelberg 
New York 
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PHILADELPHIA Dan Adams (215) 353 6191 @ SAN FRANCISCO JJHS (415) 392 6794 
PASADENA JJHS (213) 796 9200 @ DALLAS Roy McDonald (214) 941 4461 
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CORNELL UNIVERSITY 


is RESEARCH ASSOCIATE 
| POSITION 


PhD required in protein chemistry/ 
biochemistry; experience in research 
‘on physical properties of proteins. To 
conduct and coordinate research on 
atructural-functional relationships in 
food proteins. 


-> Please send résumé and 3 letters of 
reference to John E Kinsella, 
Director, Institute of Food Science, 
Stocking Hail, Cornell University, 
thaca, NY 14853 by September 30, 
T981, 


“Cornell University is an Affirm- 
ative. Action/Equal Opportunity 


UNIVERSITY 
OF REGINA 


DEPARTMENT OF 
GEOLOGY 


ASSISTANT PROFESSOR 


6 month term from January 1, 1982, 
with possibility of 12-month renewal. 
PhD in sedimentary or economic 
geology preferred. 


Salary range (at present under 
negotiation) $20,448 to $29,655 
Canadian on annual basis. 


Curriculum vitae, telephone 
number, and names of three referees 
to Dr W A Gordon, Head, 
Department of Geology, University 
of Regina, Regina, Saskatchewan, 





Himployer. (NW879)A Canada S4S 042. (NW880)A 
 Seeksa WASHINGTON 
CORRESPONDENT 


| to succeed David Dickson, who will be leaving his post in 
| Washington on 31 March 1982. The post is central to 
| Nature's reporting of developments affecting science in 
| North America and elsewhere. 

_ Applicants should be English-speaking, preferably with 
| some first-hand knowledge of the United States and 
;. should also have 

-*-a university degree (preferably in science) 

|..* at least two years’ experience of written journalism 
| (preferably with a weekly or daily periodical, but not 
necessarily scientific) 

* a broad interest in current affairs. 

The successful applicant will be employed by Nature 
America Inc., initially for a fixed term (to be negotiated). 

-To allow fora spell | in the London office of Nature and a 
period of overlap in Washington, applicants should be 
able to be free no later than 1 March 1982. 

Salary, travel allowances and other conditions of 
employment by negotiation. 

Applications, including a full curriculum vitae, 
should be plainly marked “Job application” and 
addressed to the Editor, Nature, Macmillan 
Journals, 4 Little Essex St, London WC2R 3LF or 
Nature, 15 East 26 St, New York, NY 10010, to arrive 
| before 30 September 1981. (9324)A 

















ASSISTANT ADJUNCT 
PROFESSOR OF BIOLOGY 
THE UCSD CANCER 
CENTER 


seeks an investigator (PhD or MD) to 
conduct independent laboratory 
research in experimental cancer 
chemotherapy using in vitro culture 
systems and athymic mice. There will 
be responsibility for helping i in super- 
vising the staff managing the large 
athymic mouse colony at UC San 
Diego. 


A minimum of five years 
experience with anti-cancer agents is 
preferred. Prior experience in con- 
ducting research with animals is 
required. Appointee must have 
demonstrated research productivity 
and ability to secure independent 
research grants. 


Participation in the departmental 
teaching program is required. Salary 
related to rate and step of appoint- 
ment within the established salary 
schedule of the University of 
California, San Diego. Apply to 
Professor Nathan O Kaplan by 
October 15, 1981, Cancer Center, 
H-221, University of California, San 
Diego, 225 Dickinson Street, San 
Diego, CA 92103. 


The University of California, San 
Diego is an Equal Opportunity/ 
Affirmative Action Empioyer. 

(NW873)A 


ssa ose 


UNIVERSITY OF THE 
WITWATERSRAND 
Johannesburg 
DEPARTMENT OF PHYSICS 
LECTURER 


Applications are invited from 
suitably qualified persons, regardless 
of sex, race, colour or national 
origin, for appointment to the above 
post. 


The successful applicant is 
expected to participate in the 
auxiliary teaching of the department 
and in its research which is done both 
experimentally and theoretically in 
the main areas of nuclear and solid 
state physics (preference will be given 
to an experimental physicist). Duties 
are to be assumed on Ist January 
1982 but this is subject to negotiation. 


Salary will be in the range R10,994 
-— R19,230 per annum. 


Interested persons are invited to 
obtain the information sheet relating 
to these posts from Miss J Liovd, 
South African Universities Office, 
278 High Holborn, London WCIV 
7HE, or from the Registrar 
(Staffing), University of the 
Witwatersrand, Jan Smuts Avenue, 
Johannesburg, South Africa 2001, 
with whom applications should be 
lodged by 7 October 1981. 

(9522)4 


BIOTECHNOLOGY 


Biochemists. Cell Physiologists, Geneticists, 
Immunologists and Scientists with experience in 
working with Viral or Protozoan Pathogens are being 
actively recruited by Codon. Experience using — 
Recombinant DNA Techniques preferred but not 


required. 


Codon’s new Genetic Engineering Laboratories, located 
just South of San Francisco, are offering employment 
opportunities at several levels. 


Send résumé in confidence to: 


Codon, 
430 Valley Drive, Brisbane, CA 94005. 





(NWX875) 





INTERNATIONAL LABORATORY 
FOR RESEARCH 
ON ANIMAL DISEASES 


‘Scientific Research 
| Position 


International Laboratory for Research on 
Animal Diseases 
(ILRAD) 


A vacancy exists in the Pathology Division of ILRAD for a Research 
Scientist to continue studies on the inductive mechanisms for cell- 
mediated immunity against the protozoan parasite The/eria parva in 
cattle and to analyse the antigenic composition of the parasite. 
Opportunities exist for collaborative research on surface markers of 
bovine lymphocytes and means of eliciting protective immunity 
against Thelleriosis. 


The applicant should possess a degree in Veterinary Science (or be 
familiar with experimentation in livestock) together with a PhD. 
Relevant postdoctoral experience would also be an advantage. 
Salary will be paid in US dollars according to experience. Perquisites 
include movement, housing and commutation allowances, medical 
and retirement benefits. 


Applications with curriculum vitae and the names of three 
referees should be addressed to: The Director of 
Administration, ILRAD, PO Box 30709, Nairobi. 


Closing Date: 15 September, 1981. (W427) A 


SmithKline 

Corporation, 

a multinational 

diversified heaith care firm 

based in Philadeiphia, Pennsylvania, is seeking a 
Veterinary Pathologist for its Pathology/T oxicology 
Department, located at our expanding Upper Marion 
facility, 17 miles west of Philadeiphia. 


Candidates for this challenging position must have a 
D.V.M. or equivalent; an MS or PhD in Pathology, 
demonstrated ability in experimental investigative 
pathology; and a significant publication record. ACVP 
board eligibility is preferred. A broad background in 
laboratory animal and/or diagnostic pathology is 


desirable. 


The successful candidate will investigate pathological 
changes induced in drug toxicity studies with special 
emphasis on elucidating pathogenesis and mechanism of 
toxicity. Participate in the design and conduct of routine 
and special studies; and collaborate with research 
scientists in other disciplines. 


SmithKline offers an excellent compensation and 
benefits program including an attractive relocation 
package along with opportunities for personal and 
professional growth. Please send resume to: Mr. W.B. 
Flagg, SMITHKLINE CORPORATION, 1548 Spring 
Garden Street, Philadeiphia, PA 19101. 

We are an equal 

opportunity 

employer, 

M/F/H/V. 


(NW867)A 





SIRO — AUSTRA 










Chief of Divisi 


Institute of 
Physical Sciences 
Division of i 
Mathematics & Statistics 
Canberra Act Australia 


Applications are invited for the position of Chief, Division of 
Mathematics and Statistics, from scientists who have an 
established record of personal research achievernent and 
leadership in an appropriate field. 


CSIRO is Australia's largest and most comprehensive 
research organization, having approximately 7,500 employees of 
whom 2,500 are research and professional scientists. its broad 
charter covers research into problems of primary and secondary 
industries and also such fields of community interest as human: 
nutrition, the environment, and the development and use of 
natural resources. The Organization's 43 scientific research 
Divisions and Units, which are dispersed throughout Australa, 
are grouped into five Institutes. Each Institute is headed by a 
Director. The Division of Mathematics and Statistics is one of the 
Divisions within the Institute of Physical Sciences, other 
components of which are the Divisions of Applied Physics, 
Atmospheric Physics, Chemical Physics, Cloud Physics, 
Computing Research, Environmental Mechanics, Materials 
Science, Oceanography, Radiophysics, and the Australian 
Numerical Meteorology Research Centre. 








The Headquarters of the Division of Mathematics and. Statistics 
is located, at present, at Yarralumia, a suburb of Canberra, The. 
Division has regional Offices in Adelaide, Brisbane, Melbourne, 
Perth and Sydney, and staff located at a further 12 locations: 
throughout Australia. The total staff of the Division is 
approximately 100, which includes some 75 professional 
scientists. 





The Objectives of the Division are to apply statistics and other 
appropriate mathematics in support of research throughout 
CSIRO and to conduct research related to such application. In a 
pursuing these objectives, the staff of the Division will collaborate — 1 
in research projects with other Divisions, pursue appropriate 
statistical and mathematical research and provide consulting 
Services. 





The Chief of the Division is responsible to the institute Director 
for the leadership, development, scientific direction, and 
integration of the research and consultancy programs of the 
Division, and for the active collaboration of the Division with the 
rest of CSIRO and with others engaged in industrial and scientific 
research. 


The salary for the position is negotiable, but will not be less 
than A$43,158 p.a. 


Appointment to the Organization is for an indefinite period, and 
carries Commonwealth Superannuation privileges subject'to 
normal conditions. The position of Chief is offered fora 
negotiable term of the order of five to seven years with = 
subsequent options for a further term, if mutually desired, or fora. 
senior research position in the Organization. 


Applications in Duplicate stating full personal and 
professional details, the names and addresses of at least two 
professional referees, and quoting reference number AG492 
should reach: The Personne! Officer, Australian Scientific Liaison 
Office, Australia House, Strand, London WC2B 4LA by tath 
October 1981. Applications in USA and Canada should be sent 
to: The Counsellor Scientific, Embassy of Australia, 1607 
Massachusetts Avenue NW, Washington D.C. 20036. 





Current vacancies in CSIRO appear on PRESTEL page 252903 
(9518A 








Australia. 


The position of Director, Institute of Industrial Technology, will 
become vacant following the retirement of Emeritus Professor Hill 
W. Worner, AO, DSc, FTS, in May 1982. 


. The Institute of Industrial Technology, with Headquarters in 
Canberra, is one of five research Institutes in SCIRO which 
between them comprise some forty research Divisions and Units. 
The Divisions within the Institute of Industrial Technology and 


their location are: 


Division of Applied Organic Chemistry 
Division of Building Research 

Division of Chemical Technology 
Division of Manufacturing Technology 
Division of Protein Chemistry 

Division of Textile industry 


Division of Textile Physics 


The CSIRO Executive invites expressions of interest in the 
position from potential appointees and from persons wishing to 
suggest others for consideration. All enquiries and suggestions 


will be treated in confidence. 


Correspondence should be forwarded to: Dr. W. J. McG Tegart, 
Member of the Executive, CSIRO, P.O. Box 225, DICKSON ACT 


2602, AUSTRALIA. 


a UNIVERSITY OF 

_. NEWCASTLE UPON TYNE 
ag DEPARTMENT OF BIOCHEMISTRY 
= POST-DOCTORAL 

-<< RESEARCH ASSOCIATE 


_ Applications are invited for an MRC- 
funded position of temporary post- 
doctoral Research Associate in the 
above department. The post is 
tenable for three years from Ist 
_ October, 1981 or as soon as possible 
: thereafter. 


<The project will investigate the 
regulation of the activity of branched- 
-chain 2-oxo acid dehydrogenase by 
_ phosphorylation — dephosphoryla- 
_ tion. Experience of enzyme purifica- 
= Hon and/or protein phosphorylation 
_ would be beneficial. 


-Initial salary will be at the rate of 
6,070 per annum on the Range 1A 










Applications meludii three 
erees should be sent as soon as 
sible to Dr S J Yeaman, Depart- 
mt of Biochemistry, Ridley 
ilding, University of Newcastle 
pon Tyne NEI 7RU, from whom 
urther details may be obtained. 
(9487)A 





AUSTRALIA || 
DIRECTOR 
Institute of Industrial 


Technology 
Canberra ACT Australia 


= 0 CSIRO has a broad charter for research into primary and 

.. secondary industry areas. The Organization has approximately 
7,400 employees — 2,500 of whom are research and professional 
scientists — located in Divisions and Sections throughout 


Melbourne 
Melbourne 
Melbourne 
Melbourne 
Melbourne 
— Geelong 

— Sydney 


praes 


ratan 
ie 


(9519)A 





SIMON FRASER 
UNIVERSITY 


FACULTY 
POSITION IN 
THEORETICAL PHYSICS 


Applications are invited for a tenure- 
track position in Theoretical Physics 
at Simon Fraser University beginning 
September 1, 1982. Initial appointment 
will be at the Assistant Professor or, 
in exceptional cases, at the Associate 
Professor level, Applications will be 
accepted from individuals in any field 
of Physics. The Physics Department 
presently has members who are active 
in condensed matter theory, 
nonlinear problems, nuclear theory 
and elementary particle theory. 


Applications, including a curriculum 
vitae and the names of three referees, 
should be forwarded before 
December !, 1981 to: Dr J C Irwin, 
Chairman, Department of Physics, 
Simon Fraser University, Burnaby, 
BC V5A 186. Tel: (604) 291- 
3154/3160. (NW869)A 


“FACULTY POSITIONS I IN 
CELL BIOLOGY 


Applications are invited for several 
tenure-track positions in the newly 
reorganized Department of Cell Bio- 
logy and Anatomy at the North- 
western University Medical and 
Dental Schools. These positions are 
for Assistant Professor and, in 
exceptional cases, for Associate 
Professors. Applicants must have a 
PhD, MD or DDS degree with 
research experience in cell biology, 
molecular biology, structural 
biology, biochemistry or related 
areas. Applicants should be able to 
demonstrate excellence or the 
potential for excellence in their 
respective fields. Successful 
applicants will be expected to carry 
on vigorous research programs and 
to participate in the teaching of 
graduate, medical and dental 
students. 


Send complete curriculum vitae, 
brief description of previous and 
future research and teaching interests 
{three to four pages), and recom- 
mendations from at least three 
referees by 30, October 1981 to: Dr 
Robert D Goldman, Chairman, 
Department of Cell Biology and 
Anatomy, Northwestern University 
Medical and Dental Schools, 303 
East Chicago Avenue, Chicago, 
illinois 60611. Northwestern 
University is an Equal Opportunity 
Affirmative Action Employer and 
invites applications from all qualified 
individuals. (NW848)A 





CANCER RESEARCH 
CAMPAIGN 
EDITOR 


required, part-time, to initiate and 
produce in liaison with editorial 
board a bimonthly newsletter on 
research topics. Background of 
scientific/medical journalism and 
some experience of editing and 
production essential. Salary by 
arrangement. 

Apply in writing with cv to: Miss 
E D Skinner, Cancer Research Cam- 


paign, 2 Carlton House Terrace, 
London SWIY SAR. (9492)A 


INSTITUTE OF CHILD 
HEALTH 
University of London 
POST DOCTORAL 
RESEARCH SCIENTIST 





Biochemist required for a 2 vear 


project to isolate and purify human 
burst-promoting activity, a factor 
important for the proliferation of 
erythroid progenitors in culture. 


Experience in protein chemistry 


and chromatographic separation | 


techniques desirable. Initial salary 
within the range £7,037 — £9,072 pa 
(inc London Weighting) on scale 1A 
for Research and Analogous Staff. 
Starting date | November 1981, or as 
soon as possible thereafter. 


Application forms may be 
obtained from Miss Janet Keeble, 
Administrative Assistant (203909), 
Institute of Child Health, 30 
Guildord Street, London WCIN 
LEH (telephone 01-242 9789). 

(9S21)A 


| 
| 
cee 
| 
| 
| 
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| PUBLIC HEALTH | 


LABORATORY SERVICE 
BOARD 


Central Public Health 
Laboratory 
Virus Reference Laboratory 


BIOCHEMIST 


A postdoctoral biochemist is! 
required in the Virus Reference | 
Laboratory to join a group of 
microbiologists working on viral 
gastroenteritis. The project will 
involve the biochemical charac- 
terisation of small viruses 
associated with nonbacterial! 
gastroenteritis and study the] 
possible relationship of the human | 
agents with parvoviruses of | 
veterinary importance. Experience 
in the purification of viruses and the 
preparation of monoclonal 
antibodies would be an advantage. J 
The successful candidate will be 
appointed as a BASIC GRADE orf 
SENIOR GRADE BIOCHEMIST J 
according to qualifications and | 
experience; the salary scales for 3 
which are £5,686 — £8,094 and 
£8,691 -— £11,073 respectively, 
inclusive of London Weighting. 

NHS Terms and Conditions of 
Service apply. 
Applicants should apply to the? 
Personnel Officer, Central Public | 


Health Laboratory, Colindale 

Avenue, London NWS SHT. 

Ciosing date 2 October 1981. 
(9491)A 





THE UNIVERSITY 
OF LEEDS 
DEPARTMENT OF PURE 
AND APPLIED ZOOLOGY : 
Applications are invited for a post | 


o 
PREDOCTORAL 
RESEARCH ASSISTANT 


in the Department of Pure and 

Applied Zoology for work onf 
Endoscopy, physiology and the 7 
bacterial flora of sheep infected @ 
with parasitic nematodes involving { 
the use of parasitologicai, | 
microbiological and physiological 7 
techniques. The work will be | L 
carried out in collaboration with the $ 
Departments of Microbiology and 7 
Animal Physiology and Nutrition. | 
A good honours degree ing 
Zoology/Applied Zoology or 
biology, preferably with experience | 
in microbiology together with @ 
parasitology or physiology, is] 
required. 7 
Post available from 1 October 1981 
or as soon as possible thereafter for | 
a fixed period of up to 3 years. 


Salary on the IB Range for 
Research and Analogous Staff 
{£5,285 to £7,700) according tof 
age, qualifications and experience. | 
Informal enquiries may be made to | 
Professor D L Lee (0532) 31751 ext | 
370. ï 
Application forms and further 
particulars may be obtained from @ 
the Registrar, The University, | 
Leeds LS2 9JT, quoting reference | 
number 56/7/D. Closing date for 7 
applications 1 October 1981. / 
(9504)A 













CSIRO 


ol. 293 10 September 1981 


AUSTRALIA 


Chemical Engineer 


$A24,951 — $A33,616 pa 
Division of Fossil Fuels 


North Ryde NSW 


Australia 


CSIRO has a broad charter for research into primary and 
secondary industry areas, The Organization has approximately 7400 
employees — 2500 of whom are research and professional scientists 
— located in Divisions and Sections throughout Australia. 

FIELD: Fluidised Bed Combustion 

GENERAL: The Division, is engaged in research aimed at 
extending the application of Australian coals and increasing the 
efficiency of their combustion. Research is currently being 
undertaken in the field of fluidised bed combustion and, for this 
purpose, the fluidised bed combustion group operates a number of 
reactions which range from laboratory scale to a 50 tonne/day pilot 


plant. 


DUTIES: Direct the research group, which includes professional 
and technical staff, in the field of fluidised bed combustion. The 
successful applicant will collaborate where appropriate, on fluidised 
bed combustion projects in industry and at universities, and be 
responsible for preparation of research proposals and reports on the 


| activities of the group. 


| QUALIFICATIONS: PhD or equivalent in chemical engineering, 
or related experience. Preference will be given to candidates who 
have a wide fundamental and practical understanding of fluidised 
bed combustion systems, especially in relation to combustion 
modelling, and the corrosion behaviour in systems under 
development for power generation which can make use of 
troublesome high ash coal or coal wastes. 

TENURE: Indefinite with superannuation. 

Applications IN DUPLICATE stating full personal and professional 
details, the names and addresses of at least two professional 
referees, and quoting reference number A 3975 should reach: The 
Personnel Officer, Australian Scientific Liaison Office, Australia 
House, Strand, London WC2B 4LA by 12th October 1981. 


Applications in USA and Canada should be sent to: The Counsellor 


Scientific, Embassy of Australia, 1601 Massachusetts Avenue N.W., 


Washington D.C. 20036. 


SENIOR GRADE 
BIOCHEMIST 


for Department of Chemical 
Pathology, Southampton General 
Hospital. The Laboratory is well 
equipped and provides a comprehen- 
sive service for the Southampton and 
South West Hampshire Health 
District, population 413,000. 


The Biochemist will be expected to 
contribute to the day-to-day running 
of the Laboratory and to the main- 
tenance of quality of laboratory 
methods. Encouragement given to 
undertake research and development 
work, and the possibility exists for 
registration for a higher degree where 
appropriate. 


Applicants should have relevant 
experience in clinical biochemistry 
and the possession of a further 
qualification such as an MSc in 
Clinical Biochemistry an advantage. 


For further information contact 
either Professor B E Clayton or Dr D 
Rowe, telephone Southampton (0703) 
777222 ext 3904. Job description and 
application form from District Person- 
nel Department, Tremona Court, 
30/32 Tremona Road, Southampton. 
Telephone Southampton (0703) 777222 
ext 3018/3556. Closing date 28th 
September 1981. (9489)A 


Current vacancies in CSIRO appear on PRESTEL page 252903. 
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UNIVERSITY OF GLASGOW 
DEPARTMENT OF ZOOLOGY 
Applications are invited for the post of 
POSTDOCTORAL 
RESEARCH FELLOW 


tenable for three years, to work ona 
project on the biochemistry of 
Leishmania parasites and their 
relationship with the macrophage 
host cell. Candidates should have a 
wide knowledge of biochemical tech- 
niques, in particular cell fractiona- 
tion and enzyme analysis, and an 
interest in applying them to the 
development of antiparasitic drugs. 
Experience of protozoa is not 
essential. 


Initial salary will be within the 
range £6,070 to £6,880 on Range IA 
of the Research and Analogous Staff 
scales with USS benefits. 


Further information can be 
obtained from Dr G H Coombs, 
Department of Zoology, University 
of Glasgow, Glasgow G12 8QQ, to 
whom applications, enclosing a 


Curriculum Vitae and the names of 


two referees, should be sent by 30th 
September, 1981. 


In reply please quote Ref. No. 
4850. 
(9488)A 
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Biotechnology | 
Research 
Opportunities 


Due to increased research efforts, the | 
Biotechnology Research Laboratory has two = 
scientific opportunities. 


SENIOR RESEARCH SCIENTIST 


The successful candidate must have a PhD 
with extensive background in the fields of 
Biosynthesis and Metabolism to direct a 
variety of challenging projects that require. 
innovative approaches and to interface with 
a highly developed program that uses 
Recombinant DNA techniques and the 
latest developments in Biotechnology as 
they relate to the fermentation fields. 
Expertise in the fields of metabolism and 
regulations are required and a knowledge of 
fungal genetics and regulation are desirable. 


RESEARCH SCIENTIST 


A PhD is needed to perform in an area with 
a highly developed fermentation program 
employing the latest techniques of 
Recombinant DNA and Genetic Engineering 
to a wide application of Biotechnical areas. 
The candidate should be capable of 
interacting in a variety of programs and will 
be expected to direct a research project. 
Expertise in Recombinant DNA techniques 
and a knowledge of £. coli and 
bacteriophage genetics is required as they 
should apply to expression of cloned foreign 
DNA in these vector-host systems. In 
addition, it would be desirable to have post- 
doctoral experience in the field of gene 
regulation and manipulation to maximize 
expression of cloned genes. 


Miles Laboratories, inc. is located in Elkhart, 
Indiana, ninety miles from Chicago, with 
easy access to lower Michigan. Our close 
proximity to South Bend provides many 
cultural and recreational opportunities. We 
offer an excellent starting salary, plus a 
superior benefits program, including 
company paid relocation. Please send 
résumé, including salary requirements, in 
confidence to: 


Linda A. Heiland 
Supervisor, Office Personnel Adm. 
Department 106 
MILES LABORATORIES, INC. 
P.O. Box 40 
Elkhart, Indiana 46515 


An Equal Opportunity Employer M/F/ H. 
(NVW/S68) A 
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The Department of Chemistry and Chemical Engineering of 
the Delft University of Technology invites applications for 
the regular faculty position of 


Professor of Applied 
Thermodynamics 


The duties associated with this tenure position include the 
teaching of courses and the conduct of research in the 
general area of applied thermodynamics and phase 
equilibria. The teaching obligations involve at least: 


— obligatory courses in chemical thermodynamics (1st year 
students) and in phase equilibria (2nd year]; 

— elective courses in applied thermodynamics and in 
statistical thermodynamics; 

-— other elective course work (classes, laboratory work}. 


in addition the candidate for this post is expected to be 
qualified to direct the research of (graduate) students and 
the members of the staff, and to stimulate further 
development of the science of phase equilibria in the 


Technische Hogeschool Delft 


National Research Consell national 
Council Canada 


RESEARCH OFFICERS 


Biological Production of Fuels 


The Division of Biological Sciences of the 
National Research Council of Canada requires 
Research Officers to conduct research in the area 
of microbial and enzymatic production of fuels 
from biomass, such as wastes and cellulose. The 
Group involved is developing new and improved 
technologies for fuel production both at 
laboratory and pilot plant scales. An example is 
the development of fixed film reactors for high 
rate production of methane from wastes. Duties 
include the study and development of these new 
technologies both by in-house research and by 
management of research contracts with 
interested industries and outside research 
institutions. The work may also involve a study of 
the characteristics of the microorganisms as these 
relate to the technologies being used. 





Applicants must have a PhD in biochemical, 
sanitary or civil engineering or microbiology. 
Preference will be given to applicants with interest 
and experience in engineering aspects of 
fermenter design and operation, yet having a 
broad background in microbiclogy or bioche- 
mistry. MSc with pertinent experience will also be 
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de recherches Canada 


thermodynamics laboratory, at present already specialised in 
this field. The nature of the department requires, that his 
areas of interest in teaching and in research be related to 
problems encountered in the fields of design and 
development of chemical processes and products. 


He/She is also expected to participate actively in the 
administrative duties of the Department of Chemistry and 
Chemical Engineering. 


Qualified candidates should send their résumé before 
November 15, 1981 to the chairman of the 
Appointments Advisory Committee, Prof. J. H. van 
der Hende, Dept. of Chemistry and Chemical 
Engineering, P.O. Box 5045, 2600 GA Delft, The 
Netherlands (tel. 15 — 786300). The committee also 
invites the submission of names of possible 
candidates for this position. (W418) A 


AGRICULTURAL RESEARCH COUNCIL 
POULTRY RESEARCH CENTRE 


ROSLIN 
MIDLOTHIAN EH25 9PS 


GENETICIST 
Higher Scientific Officer/ 
Senior Scientific Officer 


| A Geneticist is required by the Genetics Group at the above Centre to 

‘BE develop a programme of research into the Genetics of the Efficiency of 

-4 Meat Production in Poultry. The long term aim of the project is to 

|. investigate the nature of the genetical and biochemical mechanisms 

--gontrolling growth and efficiency in poultry. Itis envisaged that a range 

of modern biochemical techniques will be used to establish the 
important physiological parameters. Genetic variation in these 
parameters will be sought by investigating existing strains of poultry 
and by constructing selection experiments. 
The Poultry Research Centre occupies new buildings just outside 
Edinburgh and the Genetics Group is well equipped for biochemistry 
and genetics and has contacts with the Genetics Departments of 
Edinburgh University. The Head of the Group is Dr Buifield. 
Qualifications: First or upper second class honours degree in a related 
subject, with at least 2 years postgraduate experience; 4 years 
postgraduate experience is necessary for entry at SSO level. A 
postgraduate qualification would be preferred. 
Salary: In scale £6,530 to £8,589 at HSO level, £8,209 to £10,322 at SSO 
ievel Non-contributary pension scheme. 22 days annual leave. 

:§ Application forms are available from Mr Menzies, institute 

§ Secretary, at the above address. Completed forms must be 
returned to him by the 2nd October, 1981. (9496) A 





considered. 


Salary — Up to $37,385 per annum, depending 


on qualifications. 


Apply in writing to the Employment 
Officer National Research Council of 
Canada, Ottawa, Ontario K1A OR6. 
In reply, please quote BY-81-5-N. 







(NW871)A 





Canada 








UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF 
PHARMACOLOGICAL SCIENCE 


TEMPORARY 
CLINICAL/NON-CLINICAL 
RESEARCH ASSOCIATE 


Applications are invited from 
suitably qualified candidates with 
experience in neurophysiology for a 
temporary post of Research Associate 
to join a team studying somatosen- 
sory evoked potentials for the 
objective measurement and differen- 
tial diagnosis of chronic pain. This 
project will provide opportunities for 
experience in a clinical psycho- 
pharmacology laboratory and/or a 
Pain Relief Clinic. This temporary 
appointment will start as soon as 
possible and is available for three 
years. Commencing salary according 
to age, qualifications and experience 
up to £10,360 pa on the scale £8,070 
—~ £14,300 pa for medically qualified 
candidates, or £9,335 pa on the scale 
£6,070 -— £10,575 for non-medical 
candidates. 


Applications giving names of two 
referees should be submitted as soon 
as possible and not later than Ist 
October 1981 to Professor J W 
Thompson, Clinical Psychopharma- 
cology Unit, 13 Framlington Place, 
Newcastle upon Tyne NE2 4AB, 
from whom further information can 
be obtained. (9508)A 


UNIVERSITY 
OF TEXAS 
at Austin 


DEPARTMENT OF 
ZOOLOGY 


SIX FACULTY POSITIONS 


are available for the 1982-83 
academic year. Applications will be 
considered for all academic levels. 
The successful applicants will be 
chosen from among: 


EUCARYOTIC GENETICS 
EUCARYOTIC CELL BIOLOGY 
NEUROBIOLOGY 
ENTOMOLOGY 
VERTEBRATE 
POPULATION BIOLOGY 
EVOLUTIONARY BIOLOGY 


or outstanding candidates in related 
areas. Coordinated applications are . 
encouraged. Clear designation of” 
position desired will be appreciated. 
Successful candidates will bes 
expected to have demonstrated com- 
mitment to quality teaching and a- 
vigorous, independent research: 
program. 


Please submit curriculum vitae. 
(including biographic data), short 
statement of research obiectives, 
names of at least 5 referees, and» 
selected reprints to Clark Hubbs, 
Department of Zoology, University” 
of Texas at Austin, Austin, Texas... 
78712 USA, before 1 November 
1981. (NW844)A 
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GENETIC ENGINEERING 


f Senior Scientists, Staff Scientists 
Research Associates, Senior 
Technicians, Technicians 


Young, rapidly growing biotechnology company in 
Framingham, Massachusetts (Boston area) is seeking 
highly qualified candidates to lead and work on 
projects involving the application of recombinant 
DNA technology to medical, agricultural, and 
chemical fields. 










Senior and Staff Scientists should have a doctorate 
and at least two years of research experience with 
recombinant DNA techniques. Other applicants 
should have appropriate credentials. We offer an 
attractive working environment close to the major 
academic centers in Boston-Cambridge, competitive 
salary and benefits, and stock ownership. If you are 
interested in becoming a partner in a rapidly, 
expanding company run by scientists, send a résumé 
and references to: 


Director of Project Development, 
Integrated Genetics, Inc., 

51 New York Avenue, 

Framingham, MA 01701. (NW885)A 






CAWTHRON INSTITUTE 
NELSON, NEW ZEALAND 


invites applications for the position of 


Research Microbiologist 


to work on microbial fermentation and the processes involved in 
transforming biological products and wastes into other compounds. 


A qualified research scientist with training and experience in 
biotechnology and microbial physiology and biochemistry will be given 
wide scope to investigate innovative ways of converting materials and 
evolving new processes which might lead to the development of 
interesting and useful compounds e.g. fuels, pharmaceuticals, 
enriched feeds, foods, biochemicals etc. 


The position requires a good researcher with the drive, initiative, and 
versatility to develop a programme of investigation. 


The appointee will join a small research group of microbiologists 
engaged in laboratory and field investigations of a number of microbial 
processes e.g. methanogenesis, nitrification, denitrification, 
phosphate mobilisation, and fermentation. 


The appointment will be for an initial period of three years with the 
possibility of reappointment. 


: < Salary will depend on age and experience and will be within the range 
Ae NZ £15,23,000. 


s : _ Fares to Nelson and reasonable expenses for transport and personal 
F goods and effects will be paid to appointee and dependent family. 


Applications (3 copies) containing full curriculum vitae, a recent 
photograph and the names of three referees should reach the 
Director, Cawthron Institute, Box 175, Neison, New Zealand not 
later than 20 November 1981. (W425) 4 
































































CSIRO -AUSTR 
Physical 
$A24,951 — $A33,616 p.a. 
CSIRO Marine Laboratories 
Division of Oceanography 
Sydney NSW Australia 


CSIRO has a broad charter for research into primary and 
secondary industry areas. The Organization nas approximately 
7,400 employees — 2,500 of whom are research and professional! 
scientists — located in Divisions and Sections throughout 
Australia. 








General: in March 1981, the CSIRO Division of Fisheries and 
Oceanography was formally separated into a Division of Fisheries 
Research and a Division of Oceanography. These Divisions 
collectively form the CSIRO Marine Laboratories, and are 
Australia’s principal marine laboratories, employing about 200 
scientists and support staff. The main laboratory is in Sydney, 
and there are smaller laboratories in Brisbane and Perth. 


Depending on Parliamentary approval, the Sydney activities 
will be transferred to new laboratories to be constructed on 4 
deep waterfront site in Hobart, Tasmania. Appointees must be 
prepared to transfer to Hobart at any time after December 1982. 
The Australian Government has also agreed to the acquisition by 
CSIRO of a modern oceanographic ship to replace the presently 
chartered “‘Sprightly”’. 


Duties: To be responsible for establishing a receiving station 
for High Resolution Picture Transmission data from the US 
NOAA series of satellites to supply data to various CSIRO 
Divisions and to outside users. The appointee will undertake 
oceanographic research using these data and advise CSIRO on 
further applications of satellite remote sensing to oceanography. 


Qualifications: A PhD in physics or equivalent qualifications 
with substantial research experience in physical oceanography or 
closely related geophysical fields. Experience in electronics and 
computer data reduction, the use and analyses of satellite 
imagery for oceanographic studies, and the research programs of 
NASA would be an advantage. The ability to work at sea would 
also be an advantage. 


Tenure: Indefinite with superannuation. 


Applications in Duplicate stating full personal and 
professional details, the names and addresses of at jeast two 
professional referees, and quoting reference number A745o 
should reach: The Personne! Officer, Australian Scientific Liaison 
Office, Australia House, Strand, London WCZB 4LA by tath 
October 1981. Applications in USA and Canada should be sent 
to: The Counsellor Scientific, Embassy of Australia, 1601 
Massachusetts Avenue NW, Washington D.C. 20036. 


Current vacancies in CSIRO appear on PRESTEL page 252903. 
(GBAA 






































BP Research, located on a pleasant 40 acre site in Sunbury-on- Thames, provides group 
companies with comprehensive research and development facilities. 








Senior Research Assistant 
Applications are invited for the 
vacancy of 
Postdoctoral Senior 
Research Assistant 
in the 
Department of Biochemistry 
The successful applicant will work with 
Professor E. G, Brown and Dr, R. F, 
Newton on an SRC-sponsored project 
concerning the isolated and compiex- 
bound cyclic nucleotide phosphodies- 
terases of plant tissues. Preference will 
be given to applicants with experience 
in the extraction and purification of 
enzymes and/or the isolation of plant 

organelles. 

The commencing salary is on a scaie up 
to £6,880 per annum plus USS/ 
USDPS benefits, and the appointment 
is for one year in the first instance, 
renewabie for a further year. 


Resea r C h Further particulars and application 

forms may be obtained from the 
SUN BURY-ON-THAMES Personnel Office, University 
College of Swansea, Singleton 
Park, Swansea SA2 8PP, to whom 
they should be returned by 






Further development of our research objectives has created an opportunity for a 
molecular biologist with experience of eukaryotes (including yeasts) to join our small but 
well-equipped Genetic Engineering Group. 

















Candidates, with a Ph.D, should have research experience in recombinant DNA tech- 
nology and nucleic acid biochemistry. “Green fingers’, versatility, the ability to interact 
with specialists in related fields and the capacity to interpret advanced research in terms 
of potential industrial relevance are desirable characteristics. 










pension scheme and generous relocation assistance, where appropriate. 









Please write with full details of qualifications and experience, quoting ref: 3043/A, to 
Mrs. L. Fuller, BP Research Centre, Chertsey Road, Sunbury-on-Thames, Middiesex 
TW16 7LN. 







(Q515)A 







We offer an attractive salary package and excellent benefits including non-contributory 
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HARVARD UNIVERSITY 
MEDICAL RESEARCH COUNCIL EA RL O E A AE A 
VIROLOGY UNIT CELLULAR AND 
INSTITUTE OF VIROLOGY DEVELOPMENTAL PEETA 
UNIVERSITY OF GLASGOW BIOLOGY 
McGILL UNIVERSITY 
CAREER (TENURE) OR SHORT TERM (3-5 YEARS) The new CDB Department of DEPARTMENT OF 
APPOINTMENT VIRUS GENETICIST/MOLECULAR Harvard University will be making an | BIOLOGY 





GENETICIST. 


«Applications are invited for this Non-Clinical Scientific post which may 
be filed by either an MRC Career appointment (tenure to normal retiring 
=: age) or a Short-Term appointment of three (to five) years according to 
othe age and experience of the successful candidate. A career 
“appointment will be tenable at the MRC Virology Unit in the first 
instance. 
“The Institute of Virology is seeking a senior scientist or alternatively a 
“post-doctoral scientist with experience in Molecular Genetics, 
preferably (but not exclusively) with interests in herpesvirus and/or 
-oairus-specified enzymes. The appointment provides a unique 
opportunity to participate in a comprehensive and multi-disciplinary 
= research programme centred on the Genetics and Molecular Biology of 
-= Herpesviruses. The Institute provides excellent facilities and technical 
support for all types of biological, biochemical and recombinant DNA 
research. The successful applicant will be expected to collaborate with 
“other members of the Institute whilst pursuing a vigorous and 
~~ ndependent research programme within the general framework of 
“research on herpesviruses as agreed with the Director, 


appointment at the Assistant Pro- | POSTDOCTORAL POSITION 


fessor level during the coming | gi 
academic year. The specific area of | available in the field of chloroplast 
cell biology. How nuclear-coded 


specialization within the area of 

cellular and developmental biology is | plastid proteins reach and enter algal 
less important than the candidate’s | chloroplasts will be investigated by 
excellence. | EM immunocytochemistry. The 
| 












candidate should be an experienced 
electron microscopist interested in 
learning immunocytochemical 
techniques. 





Complete applications and three 
letters of recommendation should be 
sent by November 1, 1981 to Chair- | 
person, CDB Search Committee, The | E 
Biological Laboratories, Harvard | The position is available 
University, 16 Divinity Avenue, | immediately for a two year term ata 
Cambridge, Mass. 02138. | beginning salary of $15,000 a year. 

Hanad Univeraiys e aeea | interested candidates should send a 

ih | curriculum vitae and the names of 
{ 











opportunity employer. (NW872)A | three referees to Dr Sarah P Gibbs, 


ee | Department of Biology, McGill 
University, Montreal, Quebec, 








Ee l : 3 : NV 

~ Remuneration will be at an appropriate point on the scales for pclae ae j a ka ee 
University non-clinical Academic staff. Applicants should send a : 

Curriculum Vitae giving full details of qualifications and experience and DEPARTMENT OF PHYSIOLOGY UNIVERSITY OF 
“the names and addresses of three professional referees, to the MRC TECHNICIAN (GRADE 3) SOUTH CAROLINA 





; < Unit Director, Professor J H Subak-Sharpe, institute of Virology, 
=: University of Glasgow, Church Street, Glasgow G11 5JR. Applications 
Should be received by Friday, 9th October, 1981. (9513)A 


to assist with work on the isolation | Columbia, SC 


and physiological role of avian : | | 
gastrointestinal hormones and RESEARCH ASSISTANT 


| 
| 
| 
related substances, involving use of | PROFESSOR OF 
radioimmunoassay, bioassay and the | BIOCHEMISTRY 
| 
| 
i 
| 
| 
| 
| 








OAO me an sett pe aaar i me A Ee arera 


methods of preparative and | This 2. to 3-year position is available 


rape ries Bie ssh i cue | immediately to study the biosynthesis 
PRUAN mle re Bieta ' and mechanism of mitochondria 


Please mention minimum qualification and three | proton pumps. Individuals with 
years experience in any of these areas. experience in protein synthesis 

Post suitable for recent graduates in ee wE Te ie ES RE 
protein chemistry, or membrane 


a Physiology, Biochemistry, Phar- ; boo 
macology or a related subject. Ten- | ‘constitution preferred. 
able for three years. 


Applicants should send curriculum 
Salary within range £4,672 — 


vitae and the ee a 
| references to: Dr Ron “isher, 
£5,473 pa. | Chairman, Department of 

Application forms can be obtained | Chemistry, University of South 
from the Registrar, The University, | Carolina, Columbia, SC 29208. An 
PO Box 147, Liverpool L69 3BX. | Equal Opportunity/Affirmative 
Quote Ref: RV/872/N. (9509A | Action Employer. (NW884)A 


when replying to these advertisements 
























| IV e di IC i n a J 
Chemist 


Pfizer Central Research is part of a multi-national 
organisation engaged in the research, development, 
manufacture and marketing of a wide range of human 
medicinal and animal health products. Located at 
Sandwich, on the Kent Coast, are our modern, well 
equipped facilities where about 500 scientists and 

_ supporting staff are engaged in the discovery and 

. development of novel compounds for use in human and 
veterinary medicines. 









c An unusual opportunity has arisen for an innovative 
Medicinal Chemist, with 3-5 years’ post-doctoral 
< experience of research in the pharmaceutical industry, to 
lead a smali team of chemists on a new project to 
discover substances which reverse certain aspects of 
microbial pathogenicity. He/she will collaborate closely 
with a recently established team of biologists already 
working in this area. 


The person we seek will have originality, drive and a 
desire to remain in basic research for many years. There is 
ample opportunity for the successful candidate to gain 
promotion to positions of higher scientific management. 


The person matching our needs can expect a very 

competitive starting salary with good bonus potential. 

Pension and death benefit schemes are in operation and 
there is generous assistance with relocation 
expenses. Flexible hours are worked and the 
social/ recreational facilities are first-class. 


Te Applications, giving details of qualifica- 
Pfizer tions, age, experience, etc., will be 






treated in strictest confidence and 
should be sent to: D. W. Sells, 
Personnel Manager. Pfizer Central 
Research, Sandwich, Kent. 


ean g% 


+978 































POSTDOCTORAL RESEARCH 
ASSOCIATES 


Applicants are invited for one or 
more years of research to analyze 
(1) the oriantation and catalytic 
interactions of proteins in 
membranes using monoclonal 
antibodies as probes of protein 
structure, or (2) the relationship of 
| diffusional rates to the kinetics of 
catalytic interactions of proteins in | 
membranes using fluorescence 
recovery after photobleaching. 
Approaches also include cell 
hybridization, membrane recon- 
| stitution, membrane fusion, diffe- 
Lrential scanning calorimetry, dual 
beam — dual wavelength 
spectrophotometry, freeze- 
fracture electron microscopy, 
{X-ray and electron diffraction. 
| Salary range $14-20,000. Send 
-| curriculum vitae, bibliography, 
‘ishort description of current 
research, and names of three 
jreferences to: Prof. Charles R. 
-{Hackenbrock, Director, Labo- 
> pratories for Cell Biology, 111 Swing 
-f Building 217H, School of Medicine, 
University of North Carolina, 
| Chapel Hill NC 27514 USA. 

“| Equal Opportunity Employer. 

be (NW857) A 


THE UNIVERSITY OF LEEDS 
DEPARTMENT OF GENETICS 
Applications are invited for a post of 
PRE-DOCTORAL RESEARCH 
ASSISTANT 
in the above department for work 
on a study of the control of 
secondary metabolism in Strep- 
tomyces as exemplified by amino- 
glycoside antibiotic synthesis, 
using biochemical and genetic 
(including eventually cloning) 
methods. The post is available from 
October 1981 for a fixed period of 
up to 3 years. A good honours 
degree in biochemistry, genetics or 
microbiology, or some equivalent 

qualification is required. 

Initial salary within the range £5,285 
— £6,070 on the IB Range for 
Research and Analogous Staff 
(£5,285 — £7,700). 

Informal enquiries may be made to 
Dr S Baumberg, Department of 
Genetics. (Telephone Leeds (0532) 
31751 ext 597}. 

Application forms and further part- 
iculars may be obtained from the 
Registrar, The University, Leeds 
LS2 9JT, quoting reference 
number 50/9/D. Closing date for 
| applications 25 September 1981. 

(9445) A 






Oceanographes 


(2 Positions) 


$A19,662 — $A28,564 pa 

Csiro Marine Laboratories 

Division of Oceanography 
Sydney NSW Australia 


CSIRO has a broad charter for research into primary and 
secondary industry areas. The Organization has approximately 7400 





employees — 2500 of whom are research and professional scientists. oO 


-- located in Divisions and Sections throughout Australia. 


GENERAL: in March 1981, the CSIRO Division of Fisheries and o 


Oceanography was formally separated into a Division of Fishenes 
Research and a Division of Oceanography. These Divisions 








collectively form the CSIRO Marine Laboratories, and area Australia’s | 


principal marine laboratories, employing about 200 scientists and 


support staff. The main laboratory is in Syoney and there are smaller. 


laboratories in Brisbane and Perth. 


Depending on Parliamentary approval, the Sydney activities will be 7 > 


transferred to new laboratories to be constructed on a deep 


waterfront site in Hobart, Tasmania. Appointees must be prepared to 1 


transfer to Hobart at any time after December 1962. The Australiar 
Government has also agreed to the acquisition by CSIRO of a 
modern oceanographic ship to replace the presently chartered 

” Sprightly”, 


The interests of the Division in physical oceanography include 





continental shelf dynamics, mixed layer anc upwelling dynamics, air 


sea interaction, ocean circulation and boundary currents, the 
interpretation and application of satellite data, numerical modelling 
and geophysical fluid dynamics. 


DUTIES: The appointees will initiate and conduct research within 
these fields and in relation to existing or future programs. On 


occasions, they may be expected to participate in or to lead research 


vessel cruises. 





QUALIFICATIONS: Successful applicarts would normally hold aE 


PhD in physical oceanography, geophysical fluid dynarnics or some 
other relevant discipline and should be able to demonstrate 
substantial research aptitude and achievement commensurate with 
their experience. 


TENURE: Fixed term appointments of 3 — 5 years. 
Superannuation benefits available. 


Applications IN DUPLICATE stating full personal and professional . 


details, the names and addresses of at least two professional. 


referees, and quoting reference number A 1576/1644 should reach: - : 
The Personnel Officer, Australian Scientific Liaison Office, Australia. 


House, Strand, London WC2B 4LA by 12th October 1981. 
Applications in USA and Canada should be sent to: The Counsellor - 
Scientific, Embassy of Australia, 1601 Massachusetts Avenue A W., 
Washington D.C. 20036. . 
Current vacancies in CSIRO appear on PRESTEL page 252803. 


THE ERNA AND JAKOB MICHAEL VISITING 
PROFESSORSHIPS 1382/83 


The Weizmann Institute of Science, Rehoveth, Israel offers a limited. 


number of visiting Professorships in the Natural and Exact Sciences. 
The Erna and Jakob Michael Visiting Professorships are intended for . 
candidates already holding the rank of Full Frofessor and will be for a 
duration of three months to one year. . 
For further information please contact: The Academic ` 
Secretary, The Weizmann Institute of Science, Rehovot 76100, 
israel. (W420) 


Bee 











TOP MANAGERIAL POSITION 
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IN PHARMACEUTICAL RESEARCH 





As Management Consultants we are interested in establishing contact with experienced research managers. 


For one of our clients, an important international chemical/ pharmaceutical company, we are looking for the future 


head of a large research organisation based in Italy, covering all fields from chemical synthesis to pharmacology 


and clinical research. 


More important than a track record in either chemical, pharmacological or medical research is the qualification to 
plan complex R+ D activities into the future, to maximise the given potential by adapting conception and 
organisation to a constantly changing technological and socio-political environment, and to understand, motivate 
and direct a large staff of experienced researchers. 


This challenging position gives the right man the possibility to contribute, within a solid management team, to the 
further development of a highly reputable and successful company. 


REQUIRED BACKGROUND: A DEGREE IN MEDICINE, PHARMACOLOGY, BIOLOGY OR CHEMISTRY: 
INDUSTRIAL RESEARCH EXPERIENCE: FLUENCY IN ENGLISH AND ITALIAN. EXTREMELY INTERESTING 
CONDITIONS CAN BE ARRANGED FOR THE RIGHT MAN. 


If you or one of your acquaintances would be interested in a preliminary exchange of information, please contact: 


NINO ASCHER, TASA/CONSULTING PARTNERS AG, 


DUFOURSTRASSE 101, CH-8008 ZURICH, 


SWITZERLAND 01-251.49.66. 





so prefer. 


UNIVERSITY OF 
QUEENSLAND 
Australia 
LECTURER (ECONOMICS 

METALLIFEROUS 
GEOLOGY) — TENURABLE 


Applicants should have a PhD or 
comparable research/professional 
axperience, with research interests in 
at least one of the following fields: 
stable isotope geochemistry, geoche- 
mistry of metalliferous deposits, 
and/or metamorphism. The appoin- 
‘ee will share in the teaching of petro- 
ogy, geochemistry and economic 
zelogy to both geology and 
gineering students, including field 
studies, and carry out such other 
duties. as may be required by the Head 
of Department. 


e Department of Geology and 
ralogy is well equipped to carry 
research in the fields listed above 
emistry laboratory; X-ray diffrac- 
jon. and fluorescence equipment; 
slectron microprobe; laboratories for 
nineral preparation and separation; 
sotope laboratory operating with 
ree mass spectrometers, is 
pped for silicate/oxide as well as 
zarbonate oxygen and carbon 
i topes, and has a K-Ar facility). 3/ 
























Addiiional information and 
application forms are obtainable 
from the Association of Common- 
wealth Universities (Appts.), 36 
Gordon Square, London WC1H 
JPF. (9500) A 


aran 


UNIVERSITY OF 
WISCONSIN-MADISON 


ASSISTANT PROFESSOR 
CELLULAR AND 
MOLECULAR BIOLOGY 


The Laboratory of Molecular 
Biology and the Department of 
Biochemistry of the University of 
Wisconsin-Madison invite appli- 
cations for a joint, tenure-track 
position at the rank of Assistant 
Professor. Candidates should have 
research interests in problems of 
eukaryotic cell function. Within this 
broad area emphasis will be placed on 
selecting an outstanding individual. 
Responsibilities will include teaching 
in the Biochemistry Department’s 
curriculum, participating in the 
Interdepartmental Program in 
Molecular Biology, supervision of 
graduate students and development 
of an independent research program. 
Salary wil be on a 12-month basis; it 
will be commensurate with the 
experience of the candidate and 
compatible with the salary structure 
of the University of Wisconsin. 
Applicants should submit a 
curriculum vitae, statement of 
research interests and three letters of 
reference, by 15 November 1981, to 
Gary G Borisy, Chairman, 
Laboratory of Molecular Biology, 
University of Wisconsin, Madison, 
Wisconsin 53706. 


The University of Wisconsin is an 
equal opportunity/affirmative 
action employer; applications from 
minority and women candidates and 
other qualified persons are 
encouraged. (NW847)A 


UNIVERSITY 
OF NATAL 


FACULTY OF 
AGRICULTURE 


Pietermaritzburg 


Applications are invited from 
suitably qualified persons regardless 
of sex, religion, race, colour or 
national origin for appointment to 
the post of 


LECTURER IN 
HORTICULTURAL SCIENCE 


The salary will be in the range: R10 
995 — R19 230 


The commencing salary notch will 
be dependent on the qualification 
and/or experience of the successful 
applicant. In addition, an annual 
service bonus equivalent to 93% of 
one month’s salary is payable, 
subject to Treasury regulations. 


Application forms, further 
particulars of the post and inform- 
ation on pension, medical aid, group 
insurance, staff bursary, housing 
loan and subsidy schemes, long leave 
conditions, and travelling expenses 
on first appointment are obtainable 
from Miss J Lloyd, South African 
Universities Office, Chichester 
House, 278 High Holborn, London 
WCIV 7HE, with whom appli- 
cations, on the prescribed form, must 
be lodged not later than 31 October, 
1981 quoting reference PMB $7/81. 


Miss Lloyd's telephone no is 
01-242 1766 or 01-405 $834. 
(WARDA 


= 


Complete professional discretion is, of course, guaranteed. You may feel free to contact us via third parties, if you 


(W424)A 


CORNELL UNIVERSITY 


POSTDOCTORAL POSITION 


available immediately in Rhizobium- 
and-Plant Cell Molecular Genetics 
and in Physiology/Biochemistry of 
Rhizobium-Legume Interaction. 


Please send curriculm vitae and 
three letters of reference to: Dr 
Aladar A Szalay (Molecular 
Genetics} and Dr Allan R J 
Eaglesham (Physiology/ 
Biochemistry), Boyce Thompson 
Institute, Cornell University, Tower 
Road, Ithaca, New York 14853, 
USA. Equal Opportunity/ 
Affirmative Action. (NW882)A 
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LOUGHBOROUGH 
DIR UNIVERSITY 
OF TECHNOLOGY 


IMMUNOASSAY 
RESEARCH 


Applications are invited for the 
position of post-doctoral {or 
equivalent) RESEARCH 
ASSISTANT to assist in a 
Home Office sponsored project 
on the development of non- 
isotopic immunoassays for 
drugs. The post is tenable for 
one year at a salary of £6,880 
with the possibility of 
extension. Applicants should 
write with details to Professor 


J N Miller, Department of 

Chemistry. 

Loughborough Leicestershire 
OSIHA 
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NOTTINGHAMSHIRE AREA HEALTR AUTHORITY (T) 


CENTRAL 
NOTTINGHAITISHIRE 


HEALTH DISTRICT 





HARLOW WOOD ORTHOPAEDIC HOSPITAL 
ORTHOTIC CENTRE 


PRODUCTION MANAGER/ 
BIO-ENGINEER 


(SENIOR SCIENTIFIC OFFICER GRADE) 


required to manage and further develop an existing 
Orthopaedic Workshop into a new Orthotic Centre, on the 
present hospital site. The Centre will provide orthotic services 


on a sub-regional basis. 


Candidates should be graduate engineers, preferably with 
relevant post-graduate experience in production management 
techniques, general engineering and electronics. Some 
experience in orthotics and instrumentation would be an 
advantage. Related research and development will be 


encouraged. 


Whitley Council Conditions of Service: Salary £8,134 p.a. 


rising to £10,516 p.a. 


Job description, further details and application form 
obtainable from the District Personnel Officer, Central 
Nottinghamshire Health District, Oak Bank, Crow Hill 
Drive, Mansfieid, Notts. Tel: Mansfield (0623) 22515 ext 
485 to whom forms are returnable by 30th September, 


1981. 


UNIVERSITY OF ABERDEEN 
DEPARTMENT OF BACTERIOLOGY 
LECTURESHIP 
(Re-Advertisement) 


Applications are invited for the 
above post from suitably qualified 
graduates in medicine or science. The 
Department has interests and facili- 
ties in Bacteriology, Virology and 
Immunology. The successful can- 
didate will participate in the 
diagnostic bacteriology service, 
undertake research, and take part in 
teaching of medical and science 
students. 


Salary scales: Clinical £8,070 to 
£14,300; Non-clinical £6,070 to 
£12,860. Appropriate Honorary 
NHS Status would be sought. 


Further particulars from The 
Secretary, The University, Aberdeen, 
(Tel: 0224-40241) with whom 
applications (2 copies) should be 
lodged by 25 September 1981. 

(9490)A 


M5 
ai 4 


KE 364 1623 





(9503}A 


THE UNIVERSITY 
OF TENNESSEE 


SCHOOL OF MEDICINE/ 
KNOXVILLE UNIT 


DEPARTMENT OF 
MEDICINE 


MEDICAL ONCOLOGIST? 
IMMUNOLOGIST 
Geographic full-time position for a 
CLINICAL INVESTIGATOR 


Major responsibilities include under- 
graduate, graduate, and continuing 
medical education; active partici- 
pation in patient care and in an NIH- 
funded immunology basic and 
clinical research program concerning 
multiple myeloma and related 
diseases. Internal medicine and state 
board certification or eligibility 
desired. 


Position requires a minimum of 3 
to 5 years of post-doctoral clinical 
and research experience; demon- 
strated leadership capabilities; and 
ability to conduct independent 
research involving cellular/ 
molecular immunology and oncology 
and to develop a human stem cell 
assay. 


Position available immediately. 
Salary including fringe benefits and 
academic rank commensurate with 
education and experience. Letter of 
application, curriculum vitae, and 
names of addresses of three reference 
sources should be sent to: Alan 
Solomon, MD, Professor, 
Department of Medicine, The 
University of Tennessee, College of 
Medicine/Knoxville Unit, 1924 
Alcoa Highway, Knoxville, 
Tennessee 37920. 


An Affirmative Action/Title 
[X/Section 504 Employer. 
(NW883)A 
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Chemical 


$A19,662 — $A28,564 pa 


CSIRO Marine Laboratories 
Division of Oceanography ag 
Sydney NSW Australia | 


CSIRO has a broad charter for research into primary and 
secondary industry areas. The Organization has approximately 7400 
employees — 2500 of whom are research and professional scientists 
-— located in Divisions and Sections throughout Australia. 


GENERAL: in March 1981, the CSIRO Division of Fisheries and 
Oceanography was formally separated into a Division of Fisheries 
Research and a Division of Oceanography. These Divisions a 
collectively form the CSIRO Marine Laboratories, and are Australia’s. 
principal marine laboratories, employing about 200 scientists and | 
support staff, The main laboratory is in Sydney, and there are smaller | 
laboratories in Brisbane and Perth. ee 








Depending on Parliamentary approval, the Sydney activities wil OBO 
transferred to new laboratories to be constructed on a deep nad 
waterfront site in Hobart. Tasmania. Appointees must be prepared taot 
transfer to Hobart at any time after December 1982. The Australian _ 
Government has also agreed to the acquisition by CSIRO of a 
modern oceanographic ship to replace the presently chartered 
“Sprightly”. 


The interests of the Division in chemical oceanography include 
biological cycling and transfer of nutrients and organics, oe 
biogeochemical cycling of trace metals, dissolved organic matterand 
its interaction with trace metals surface activity and mhotolytic = 
processes, 


DUTIES: To initiate and conduct research within these fields in | 
relation to existing and future programs. On occasions the appointee 
may be expected to participate in or lead research vessel cruises. 


QUALIFICATIONS: A PhD or equivalent in chemical 
oceanography or chemistry together with demonstrable research 
ability and an interest in multi-disciplinary research. Previous 
experience in marine science is desirable and the ability to work at 
sea is essential. 


NOTE: Appointment at a higher level may be considered for an 
outstanding applicant. 


TENURE: A fixed term appointment of 3 — 5 years. 
Superannuation benefits available. 


Applications IN DUPLICATE stating full persona! and professional 
details, the names and addresses of at least two professional 
referees, and quoting reference number A 2088 should reach: The 
Personnel Officer, Australian Scientific Liaison Office, Australia 
House, Strand, London WC2B 4LA by 12th Octoer 1991. . 
Applications in USA and Canada should be sent to: The Counsellor . 
Scientific, Embassy of Australia, 1601 Massachusetts Avenue NW, 
Washington D.C. 20036. 

Current vacancies in CSIRO appear on PRESTEL page i ay 
3510)4 
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IMMUNOLOGY FACULTY POSITION : 
The Department of Microbiology invites applications for a facu 
appointment at the University of Texas Branch, Galveston, Texas; rank ar 

salary commensurate with qualifications. The successful candidate would ber 
expected to have postdoctoral experience in celular immuncog 

immunogenetics, or immunochemistry ard to develop an independen 
research program in those areas. 


The Department provides an excellent environment for independent ar 
collaborative research and for teaching graduate and medical students. 
Applicants should send curriculum vitae, bibliography, and names ar 
addresses of three (3) references to: l 
Jan Cerny, MD, PhD, Chairperson, Immunology Search Committe 
Department of Microbiology J19, The University of Texas Medical Brane 
Galveston, Texas 77550. An Equal Opportunity/ Affirmative M/F/H 

Employer (AVES 
















UNIVERSITY 
OF LIVERPOOL 


DEPARTMENT OF 
PHYSICS 


lications are invited for the post 


oe o 
- SENIOR RESEARCH 
ASSISTANT 

e Department of Physics. 
pplicants should be experimental 
icists with research interests in 


field of solid state physics or 
ce science. The appointment is 





shotoemission spectroscopy running 
intil 30th September 1984. 


Initial salary within the range 
6,070 to £6,880 per annum. 












Applications stating work in 
srogress and publications, together 
vith the names of three referees, 
hould be received not later than 2nd 
Dctober, 1981, by The Registrar, The 
Jniversity, PO Box 147, Liverpool 
69 3BX, from whom further 
jarticulars may be obtained. Quote 
tef RV/873/N {(9505)A 





=> AGRICULTURAL 

RESEARCH COUNCIL 
MOLECULAR 
GENETICIST 


Required i in the Biochemistry Depart- 
nentto join a newly-established team 
hat will apply recombinant DNA 
echniques to the programme of 
esearch into infectious diseases of 
arm animals. 


_ Appointment will be at Higher 
iclentific Officer (Salary Scale 
6,530 to £8,589 per annum) or 
wenior Scientific Officer (Salary 
8,209 to £10,322 per annum) level. 


_ Qualifications required are a Ist or 

Jpper 2nd class honours degree in 
Siochemistry, Microbiology or 
elated subject, together with (at 
150- level) at least 2 years’ and {at 
SO tevel) at least 4 years’ post- 
raduate research experience in a 
elevant area of molecular biology or 
enetics. 


_Non-contributory pension scheme. 
Heasant working conditions in rural 
nvironment. Hostel accommoda- 
ic | available for single person. 


plication forms from the 
tary, Institute for Research on 
jal Diseases, Compton, New- 
, Berks RGI60NN. Quoting ref: 
P (9499)A 












nded by a grant to develop inverse 


| Chemistry Department, 1 


TECHNICAL UNIVERSITY 
OF MUNICH 
DEPARTMENT OF PHYSICS 
BIOCHEMIST OR CHEMIST 


is required as research assistant in 
membrane research group at newly 
established biophysical laboratory. 
Applicants interested in molecular 
structure and dynamics of biological 
membranes with experience in im- 
munochemistry and/or excitable 
membranes are invited, 


Biochemical laboratory including 
the help of technical assistants is 
available. A large variety of biophy- 
sical methods including electron 
microscopy; fluorescence- and ESR- 
techniques, neutron scattering are 
established. The applicant should be 
interested in a cooperation with 
physicists and biologists. 


The appointment is initially for 
two years with the possbility of one or 
two renewals. Salary including 
benefits correspond to that of 
university assistants. The possibility 
of Habilitation is given. 


For further information please 
contact Prof Dr E Sackmann to 
whom informative applications in- 
cluding references should be sent. 
Physics Department, Technical Univer- 
sity of Munich, 8046 Garching/ 
Munich, W-Germany. (W423)A 





UNIVERSITY 
OF OXFORD 


THEORETICAL CHEMISTRY 
DEPARTMENT 


POST-DOCTORAL 
RESEARCH ASSISTANT 


Applications are invited for an SRC 
Post-doctoral Research Assistant- 
ship to study Electron Correlation in 
Relativistic Atomic Structure. A 
background in theoretical atomic 
spectroscopy, relativistic quantum 
theory or computational methods in 
atomic and molecular physics would 
be an advantage. 


The appointment is for three years 
from 1 October 1981 on the Research 
Support 1A scale — starting salary up 
to £6,880 with membership of the 
Universities Superannuation 
Scheme. 


Applications with curriculum vitae 
should be sent as soon as possible to 
The Administrator. Theoretical 
South 
Parks Road, Oxford OX! 3TG. It 
would be helpful on this occasion if 
each of two referees could be asked to 
forward a testamonial directly. 

(9506)A 





FELLOWSHIPS 














EARTH SCIENCES 


Lamont-Doherty Geological Observatory of Columbia University invites 
tists interested in any field of the earth sciences to apply for the following 
whips: two postdoctoral fellowships, each awarded for a period of one 
ar {extendable to two years in special instances) beginning in September 
82 with a stipend of $22,500 per annum. Completed applications are to be 
med by January 15, 1982. Application forms may be obtained by writing to 
: Director, Lamont-Doherty Geological Observatory, Palisades, New York 
0964. Award announcements will be made February 28, 1982 or shortly 
hereafter. The Observatory also welcomes applications from candidates for 
igstdoctora! research associate positions in this discipline. 


(NW850)E 
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THE WEIZMANN INSTITUTE OF SCIENCE iS PLEASED 
TO ANNOUNCE THE ESTABLISHMENT OF THE 


JOSEPH MEYERHOFF FELLOWSHIPS 
1982/83 


The Meyerhoff Fellowships are intended to atttract outstanding 
scientists to the Weizmann Institute. They will be awarded to 
candidates from all over the world and are offered in two categories: to 
senior scientists for a period of two months to one year: and to 
candidates who have completed their PhD requirements within the past 


eight years. 


Candidates are requested to apply to: 
The Meyerhoff Fellowship Program 
c/o The Academic Secretary 
The Weizmann Institute of Science 


Rehovot 76100 
israel. 


THE OPEN 
UNIVERSITY 


Faculty of 
Science 


Temporary 
Lectureship in 
Physics 


Applications are invited for a tem- 
porary post as Lecturer in the 
Physics Discipline. 

The successful candidate will join 
a Course Team currently engaged 
in producing a second level 
course ‘Matter in the Universe’. 
Teaching materials in The Open 
University are based upon an 
integrated use of different in- 
structional media, e.g. unit-texts, 
television and radio programmes, 
home experiments and summer 
school experiments. 

Applicants should hold a first 
degree and a PhD degree in either 
Physics, or preferably in 
Astronomy. An interest in the 
inter-stellar medium will be a 
definite advantage. 

The appointment will be made for 
two years from early in 1982. 
Salary will be on the Lecturers Ad 
scale £6,070 — £12,860. 
Application forms and further 
particulars are available from The 
Assistant Secretary, Science 
(4203/3), The Open University, 
Walton Hall, Milton Keynes, MK7 
6AA or telephone Milton Keynes 
(0908) 653481: there is a 24 hour 
answering service on 653868. 
Closing date for applications: 
28th September. (9493)E 





(W421)E 


FIRST POSTDOCTORAL 
RESEARCH FELLOWSHIP IN 
TOURETTE SYNDROME 


Two one-year Postdoctoral Fellowship’s 
will be awarded in 1982 to selected 
applicants for research related to 
Tourette Syndrome. The Fellowships 
will be between $17,000 and $20,000 
each, commensurate with experience, 
and may be done at any institution with 
adequate facilities. Candidates who have 
completed their doctoral training (MD, or 
PhD, or equivalent), and desire 
postdoctoral research experience are 
eligible. Previous research experience in 
movement disorders is desirable but not 
essential. 
Apply by letter, sending twelve copies of 
the following: Curriculum vitae, list of 
publications, current sources of research 
support, at least two letters of recom- 
mendation, an abstract, not to exceed 
four pages, of proposed research. 
The latter, focused on any aspect of 
relevance to Tourette Syndrome, should 
contain information with respect to: 
1. Candidate's qualifications and 
objectives; 2. Scientific background for 
project; 3. Methods; 4. Significance; 5. 
Percentage of time to be devoted to 
project; 6, Sponsor; 7. Research facilities 
and support available for project. 
Candidates are welcome whose field of 
interest is one of the following: all areas 
of basic sciences, including neuro- 
science, pharmacology, biochemistry, 
and molecular biology, or from areas of 
clinical sciences, including neurology, 
psychiatry, immunology, and human 
genetics. 
Applications should be submitted to: 
Sheldon Novick, MD, Medical Director, 
Tourette Syndrome Association, 41-02 
Bell Boulevard, Bayside NY 11361. 
Telephone: (212) 224-2999. 
Deadline for receipt of application is 
Novernber 15, 1981. Candidates will 
receive notification by January 15, 1982 
for award effective July 1, 1982. 
(NW870}E 





HEISER PROGRAM 
FOR RESEARCH IN LEPROSY 


Beginning postdoctoral research fellowships, research grants, and 
visiting research awards available in amounts up to $16,500 per annum, 
plus other allowances, depending on type of award applied for. 


Applicants should have MD, PhD, or equivalent degree. Applications 
by February 1, 1982, for awards to be activated June-December, 1982. 


For information write: Heiser Program for Research in Leprosy, 


450 East 63rd Street, New York, New York 10021. 





(NW876}E 
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The 
Izaak Walton Killam 


POSTDOCTORAL 





FELLOWSHIPS 









Qualification 


award, 


Application 





to: 








15 December, 1981. 


UNIVERSITY OF 
EDINBURGH 


DEPARTMENT OF BOTANY 


POST-DOCTORAL 
RESEARCH FELLOW 


Applications are invited for a post- 
doctoral research fellowship to join a 
group working on mitochondrial 
genome organisation and expression 
in relation to cytoplasmic male 
sterility in higher plants. The 
appointment is available from Ist 
November, 1981 (although a later 
starting date will be negotiable) and 
will be for three years on an ARC 
funded research grant. Salary 
starting at Point 3 (£6,880) on the 1A 
range for research and analogous 
staff. Expertise in nucleic acid and 
DNA cloning technology and/or 
mitochondrial function would be an 
advantage, but applicants with 
enthusiasm and a desire to acquire 
expertise in these techniques will be 
considered. Informal enquiries to Dr 
CJ Leaver (031) 667-1081 ext 3304. 


Applications should be made in 
writing, quoting at least two referees, 
to Dr C J Leaver, Department of 
Botany, University of Edinburgh, 
The King’s Buildings, Mayfield 
Road, Edinburgh EH9 3JH. Please 
` Quoi reference 5053. (951E 


1982-1983 


Fellowships valued at $16,000 (1981-82), plus 
travel allowances, are tenable for one year at 
Dalhousie University in most fields of study. 
Application for extensions may be considered. 


Applicants should have recently completed a 
Ph.D. degree at a recognized university, or ex- 
pect to obtain a degree before taking up an 


Application forms may be obtained by writing 


The Office of the Dean 
Faculty of Graduate Studies 
Dalhousie University 
Halifax, Nova Scotia 





The closing date for receipt of applications is 




























B3H 4H6 






(NW840)E 






"UNIVERSITY OF | RAMSAY MEMORIAL MEMORIAL 
FELLOWSHIP FOR 
CHEMICAL RESEARCH 


The Trustees will consider in 
February 1982 applications for a 
British (General) Fellowship, 
normally tenable in the United 
Kingdom for two years, for 
candidates with experience of 
postdoctoral research. Value of the 
Fellowship will normally be parallel 
with lower part of Lecturer scale for 
British Universities, plus expenses 
grant of up to £100 per annum. May 
be superannuable. The person elected 
will normally be required to take up 
the Fellowship on or about 1 October 
1981. 


Particulars from Joint Honorary 
Secretaries, Ramsay Memorial 
Fellowships Trust, University 
College London, Gower Street, 
London WCIE 6BT. Completed 
application forms must be received 
by | December 1981. (950 DE 


ACCOMMODATION 


PRIVATE BEACH Cottages. 


Extensive coral reefs, birds, tropical 
flora. Snorkel, fish, swim from your 
front door. Discount for scientists & 
student groups. Brochure. Charles F 
Turpin, Charlotteville, ee 
West Indies. (NW865)S 
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POSTDOCTORAL 
FELLOWSHIPS 


Postdoctoral positions available in a 
large immunology group. Opportuni- 
ties available for study with 
individual faculty members in areas 
of immunochemistry, cellular im- 
munology, bacterial immunology, 
clinical immunclogy, immunopatho- 
logy, allergy, autoimmunity, tumor 
immunology, immunogenetics, inflam- 
mation and host defense mechanisms. 


Send three copies of curriculum 
vitae and names and addresses of 
three references to: Dr Raiph Kubo, 
Department of Medicine, National 
Jewish Hospital, 3800 E. Colfax 
Avenue, Denver, Colorado 80206. 

(NW 868)E 


UNIVERSITY OF 
NOTTINGHAM 
DEPARTMENT OF MEDICINE 
RESEARCH FELLOWSHIP 


Applications are invited for the post 
of Research Fellow to study the 
involvement of blood platelets in 
vascular disease. An interest in the 
role of calcium or prostaglandins and 
thromboxanes in cellular processes 
would be an advantage. Applicants 
should have a good Honours degree 
or PhD in Pharmacology, in Biache- 
mistry, or a related discipline. The 
appointment is for two years and the 
salary will bein the range of £5,285 to 
£10,575. 


Curriculum vitae should be sent as 
soon as possible to either Professor 
JR A Mitchell or to Dr 5 Heptinstall 
at Department of Medicine, Univer- 
sity Hospital, Queen’s Medical 
Centre, Nottingham NG7 2UH. 

(9433 E 
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UNIVERSITY OF HAMBURG 
Germany 
POSTDOCTORAL 
FELLOWSHIP IN 
RECOMBINANT DNA 
RESEARCH 


to study replication and expression of 
chemically synthesized DNA in 
bacteria. The applicants must have 
experience in the construction of 
plasmid or/and phage vectors and 
cloning of DNA in bacteria. Ít is of 
advantage to have performed ex- 
periments on the expression of re- 
combinant DNA in bacteria. The 
position is at least for 2 years. Salary 
is about DM 45,000 per annum. 


Applications, together with 
curriculum vitae, list of publications, 
and the names of two referees, should 
be sent to: Prof Dr H Köster, Institut 
für Organische Chemie und Bio- 
chemie, Universität Hamburg, 
Martin-Luther-King-Platz 6, D-2000 
Hamburg 13, Federal Republic of 
Germany. 


GRANTS 


NATIONAL KIDNEY 
RESEARCH FUND 


TRAVEL GRANTS 


up to £500 available for Renal 
Research. 


Application forms from National 
Kidney Research Fund, 184B Station 


Road, Harrow, Middlesex HAI2RH | 


(01-863 4469). S.A.E. please. 
(9494) 1H 


(WADE | 
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THE ROYAL SOC JE 


GOVERNMENT GRAN 
SCIENTIFIC 

IN VESTIGATIONS- 
Application for grants fron 
allotment of the Government O 
for Scientific Investigations for 
year 1981 should be made not! 
than 15 November 1981 on f 
application to be obtained f 
Executive Secretary of the 
Society, 6 Carlton House Terrac 
London SWIY SAG. 


Applicants must be British subjec 


Grants may be made to promote an 
support research in science and. 
assist scientific expeditions 
collections; but not for personal 
maintenance, payment of stipends: 
to aid scientific publications. 
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ASSISTANTSHIPS- 
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UNIVERSITY 
OF STRATHCLYDE 


Applications are invited for a 


POSTDOCTORAL RESEARC 

ASSISTANTSHIP: > 
in the Department of Pharma 
supported by SERC to investiga 
polymerisation of surfacten 
monomers at interfaces ancd-in 
micelles under the direction of 
Professor À T Florence and Dir TL 
Whateley. : 
Appointment initially for T8- 
national salary structure. for 
research and analogous staff., 
Commencing salary up to £6:880 
per annum. USS benefit, | 
Appointment as soon as possible. 
and not later than February 1982. 
Applications accompanied by 
a curriculum vitae and the 
names of two reateraces 
{quoting R19/81) to Professor 
A T Florence, Department of 
Pharmacy, University of: 


Strathclyde, 

XW. 
UNIVERSITY 
OF OXFORD 


DEPARTMENT OF 
BEOCHEMUESTR Y 

POSTDOCTORAL E 
RESEARCH ASSISTANTSHI 
(Ref: B/R/41) 7 
Applications are invited for: 
Postdoctoral Research Assistant 
supported by the SRC, to take pa 
studies of the mechanisms - 
metabolic functions of oxidatp 
decarboxylases. Experience i 














including fast reaction technique 
and computers would be adva 
tageous. The post is tenable for u 
three years with starting salary in f 
range £6,070 to £7,700 per annum 
according to age and experience. 


Applications, with curricula 
vitae and the names and addresses. 
two referees, should be sent as son: 
as possible to: 


Dr K Dalziel, Department g 
Biochemistry, South Park Ros 
Oxford OX130U, (9498P 












THE INDUSTRIAL LIAISON PROGRAM OF THE 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
” PRESENTS A COLLOQUIUM ENTITLED 


in Biotechnology” 
October 15, 1981 
Professor Robert 5. Langer, Jr., MIT 
Professors Marcus Karel, Alexander Klibanov, 
E William Thilly, MIT 
_ Other Speakers: Professor E. Katchalski-Katzir 
; Weizmann Institute of Science 
Professor D. Papanadjopoulos 
University of California, San Francisco 
Professor T. Chang, McGilf University 
ue J. Salk, M.D., Saik Institute 
Location: MIT Kresge Auditorium, Cambridge, MA 02139 
Contact: Maria Clara V. Suva Martin 
industrial Liaison Program 
: Tel: (617) 253-2691. Telex: 921473 
<- Attendance Fee: industrial Liaison Program (ILP) Members — free 


Non-ILP Members — $500 and other 














\ INTERNATIONAL 


'\ CONFERENCE | 
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< Topics: Immobilized Enzymes 
Enzyme Stabilization 
Controlled Drug Delivery Systems 
Liposomes — Drug Targeting 
Microcapsules a 4 
Diffusion Conadi Foad seans | November 16-17, 1981 Nov. 30-Dec. 1, 1981 
Microcarriers for Mammalian Cell Culture Hilton international Dusseldorf The Dr ake 
Microcarriers in Vaccine Production Dusseldorf, West Germany Chicago, Hlinois 
Abstract: 
_ Major advances have been witnessed in the past few years in the area of 
ce Heeuh, which can be defined as the application of engineering ~> ROBERT S. FIRST, INC. 
_ principles to biological processes. In this coloquium, the use of novel | , : 
concept — microcapsules and microcarriers — in biotechnology will be anaes NY eo eee de aa a es lg as 
» discussed. These particles possess significant potential in both basic (914) 949-4248, (02) 512 50 63 Minato-ku. Tokyo 106, Japan 
cand applied research. The applications in several irnportant areas will Telex: 131414 Telex: 22859 (03) 585 7619 
< also be discussed including their use as (i) supports for cells which make Telex (781) 242 3789 
useful products, (ii) matrices for enzymes to be used as bioproducers or Sse 0S EATEN Ge OTD ES ROT 
—bioconverters, and (iii) the central components in drug and food ERE TTT 75 


_. delivery systems. (NW849)C 


nn STUDENTSHIPS 
STUDENTSHIPS 
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[HE HATFIELD POLYTECHNIC 


UNIVERSITY OF 
MSc in NOTTINGHAM 
ASTRONOMY AND DEPARTMENT OF MEDICINE 
Part time, two evenings per week RESEARCH STUDENTSHIP 


for three years) Applications are invited from 


- PRELIMINARY COURSE candidates with a good honours 
= starts 1 October 1981 degree in Biochemistry, Pharma- 
MSc COURSE 


cology or a related discipline for a 3 . . * 

year postgraduate studentship con- Dalgety Spillers Limited 
cerned with the study of blood Research & Technology Centre 
platelet behaviour and its relevance Cambrie 


to vascular disease. 


=a: starts 16 February 1982 
‘or further details: 
‘alephone — Hatfield 68100 
oe ext 3214 or | 
Vriteto — The Secretary (MSc) 


Hatfield Polytechnic Curriculum vitae should be sent as 


soon as possible to either Professor 


Observatory te i ae 

d JRA Mitchell, or to Dr S Heptinstall s 
Baydur House, | | a me Deparment of Medicine | Research Studentship 
Harts SG13 BLD University Hospital, Queen’s | 


Medical Centre, Nottingham NG7 x a 
2UH. (9434)F Biochemistry 


Applications are invited for a Research Studentship sponsored by 
Dalgety Spillers Limited, to be held in the Department of Biochemistry 
at the University of Birmingham, the studentship to be tenable for three 
years. 


Applicants should have recently obtained a good honours degree or 
equivalent in either biochemistry or chemistry. The projectis concerned 
with the effect of lipid components, particularly those of malt, on the 
formation and maintenance of beer foam. 


Candidates should submit a full curriculum vitae and the names 
and addresses of two referees not later than 23rd October, 1981 
to Miss Rosemary Oakiand, Daigety Spillers Limited, Research 
and Technology Centre, Station Road, Cambridge a ae 
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Technicon’s Program of Grants for 
Research in Biomedical! and Industrial 
Instrumentation, now in its 8th year, 
provides benefits to both industry and 
participating universities. University 
scientists acquire the funds needed for 
their research, and the sponsor may get 
a start on a new product. The university 
may also benefit from royalty payments 
on patents, and researchers can enjoy 
seeing their research applied in 
important ways. 
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Apply to Technicon’s Program of 
Grants for Research. 


Grants are available to scientists at 
colleges, universities, medical centers 
and other non-profit research 
institutions worldwide 


Technicon is interested in supporting 
research that can be applied to the 
following end uses: 

New instruments or procedures for 
diagnostic medicine including, but not 
limited to, laboratory medicine 

New instruments or procedures for 
diagnosis of internal organs, 
measurement of physiological 
functions, and monitoring of patients. 
Veterinary diagnostic instruments. 
Instruments and methods for the 
automated analysis of industrial, 
agricultural, and environmental 
materials. 


Write to one of the following addresses 
for further information and a 
Preliminary Submission Form 


in all countries outside of Europe and 
the Mediterranean area 
Technicon Research Grants Program 


clo Morris H. Shamos, Ph.D 
Technicon Instruments Corporation 
Tarrytown, NY 10597 


In Europe and the Mediterranean area 
Technicon Research Grants Program 
c/o John Barclay, M.D 

Compagnie Technicon S. A 
International Division 

39, Boulevard de la Muette 

95140 Garges-les-Gonesse, France 
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Becton Dickinson 


Monoclonal Antibodies 


APPLICATIONS IN IMMUNOLOGY 
Human Lymphocyte Subpopulations 


LOCALIZE DEPLETE 


Immunohistochemical Staining: 
Biotin-Avidin-Peroxidase Method” 





Anti-Leu-1 Anti-HLA-DR 


Anti-Leu-1 identifies T cells; Anti-HLA-DR 
identifies B cells, dendritic cells, and 
macrophages in normal lymphoid tissue. 
Cell sample: frozen section of normal lymph 
node. Data courtesy of Roger Warnke, M.D., 
Dept. of Pathology, Stanford University. 





Indirect Cytotoxicity” 





Anti-Leu-3a Arsanilate 
+ Anti-Arsanilate 
+ Complement 


Anti-Arsanilate 
+ Complement 
(control) 


Dead celis (Leu-3a’ ) fluoresce orange 
with ethidium bromide; live cells (Leu-3a ) 
fluoresce green with acridine orange. Cell 
sample: normal peripheral blood mono- 
nuclear cells. Data from Becton Dickinson 
Monoclonal Antibody Center 


T cells in normal peripheral blood (Anti-Leu-1 FITC). 


*For detailed methods, see our Monoclonal Antibody Source Book. 


Becton Dickinson's anti-human monoclonal reagents, including our Newest Products: 


Anti-Leu-1 (pan T; T1 equivalent) 


Anti-HLA-DR 














Anti-Leu-2a (T cytotoxic/suppressor; T8 equivalent) 
Anti-Leu-2b (T cytotoxic/suppressor; T8 equivalent) 
Anti-Leu-3a (T helper/inducer; T4 equivalent) 
Anti-Leu-3b (T helper/inducer; T4 equivalent) 
Anti-Leu-4 (pan T, mitogenic; T3 equivalent) 
Anti-Leu-5 (E rosette receptor; T11 equivalent) 
Anti-B, Microglobulin 


Anti-igA, 
Anti-lgA, 
Anti-Kappa 
Anti-Lambda 
Anti-igG 
Anti-igD 


For research only, Not for use in human diagnostic or therapeutic procedures 
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Direct Immunofluorescence: 
Microscopy” 









FITC 
Excitation 


RITC 
Excitation 


Phase 


















Anti-Leu-1 FITC (green) identifies T cells; 
Anti-HLA-DR RITC (red) identifies B cells 
and monocytes. Cell sample: normal 

peripheral blood mononuclear cells. Data 
courtesy of John Kearney, Ph.D., Dept. of 
Microbiology, University of Alabama, 

Birmingham 


CHARACTERIZE 


Direct Immunofluorescence: 
FACS Analysis” 


















Number of Calis r 






Fluorescence Intensity 


è Anti-Leu-3a FITC (53%*) è Anti-Leu-3b 
FITC (54%) @ Anti-Leu-3a FITC 
+ Anti-Leu-3b FITC (53% `) 










Additive fiuorescence but identical 
percentages shows that Anti-Leu-3a and 
Anti-Leu-3b bind to different antigenic 
determinants on the same T cell. Cell 
sample: normal peripheral blood mono- 
nuclear cells, monocyte depleted. Data 
from Becton Dickinson Monoclonal 
Antibody Center. 











For the latest in monoclonal antibody appli- 
cations and new products, write or call today 


BECTON © 
DICKINSON 


Becton Dickinson FACS Systems 
Monoclonal Antibody Center 
490-B Lakeside Drive 
Sunnyvale, California 94086 
Telephone 408/738-8558 

TWX 910 338 2026 
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Obtain superior electrofocusing results 
for a fraction of the cost and time of 
running older systems. High perform- 
ance electrofocusing lets you analyze 
well over 600 samples per bottle of 
Ampholine with improved resolution 
due to the elimination of thermal gra- 
dients in the gel. 


Produce titration curves of your sample 
mixtures to gain information about sta- 
bility, heterogeneity, interactions, pl, 
and the best pH for purification. 
Simultaneously display the electro- 
phoretic mobility versus pH of every 
component in a single experiment with 
the new Titration Curve Kit. 


a k 


Choose between two preparative tech- 
niques. Purify up to gram quantities of 
even crude samples with preparative 
electrofocusing. Alternatively, try pre- 
parative isotachophoresis with its 
stacking principle to get good resolution 
at much lower cost. 


Determine the molecular weights of 
native proteins with high resolution 
using ultrathin-layer gradient gel 
electrophoresis and our new miniature 
gradient former. Or perform conven- 
tional SDS and polyacrylamide gel 
electrophoresis with the original SDS/ 
PAGE Kit. 


=f--} U 3 
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When you want the versatility to perform a 
wide variety of electrophoretic techniques, you 
need the Multiphor System. Now with an ex- 
panded range of capabilities, the Multiphor 
provides unparalleled flexibility, superior de- 


sign and complete technical support. 


Chosen by more researchers throughout the 
world than any other, the Multiphor System 


offers unbeatable value for money. 


Isn’t it time to update your present Multiphor 
or to consider adding a second system this year? 
Contact your local representative today and 
discover how little it costs to gain a lot of ver- 


satility. 


LKB 
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Six reasons to buy a Multiphor 





Quantitate proteins by Laurell rockets 
or run any popular immunoelectro- 
phoretic technique. The new Mini 
Electrophoresis Kit costs only half the 
price of the original kits yet gives you 
everything you need to get started with 
agarose and immunoelectrophoresis. 





Map complex protein and peptide mix- 
tures with two-dimensional electro- 
phoresis. Combine high performance 
electrofocusing in the first dimension 
with ultrathin-layer gradient gel 
electrophoresis in the second, using the 
latest procedure developed by Gérg et.al. 
and the new 2-D and Gradient Gel Kit. 






Head office: LKB-Produkter AB, Box 305, 5-161 26 Bromma, Sweden. Tel. 08-98 00 40, telex 10492 


Main US sales office: LKB Instruments, Inc. 12221 


UK sales office: LKB Instruments Ltd., 232 Addington Road, S. Croydon, Surrey 


Parklawn Drive, Rockville, MD 20852. Tel. 301-881 25 10, telex 230 89 682 


CR2 8YD, England. Tel. 01-657 8822, telex 264414 


Other sales offices im: Athens (for Middle East), Copenhagen, Ghent, The Hague, Hong Kong, Munich, Paris, Rome, Turku, Vienna 





Affi. ity chrum tu "F phy- 
your m to success! 


® high selectivity and low non-specific 
adsorption for pure product 








@ ready-to-use for greater time-saving 


@® porous matrix for high capacity, 
concentrated product 


@ excellent flow properties for fast results 


@® reusable for economical separations 








Group specific adsorbents 
for the key step in your purification 


Protein A-Sepharose CL-4B IgG, antigens, immune complexes 


Con A-Sepharose glycoproteins, glycolipids, polysaccharides 

Lentil Lectin-Sepharose 4B membrane glycoproteins 

Heparin-Sepharose CL-6B plasma proteins, enzymes etc 

Poly(U)-Sepharose 4B mRNA, plant nucleic acids 

Poly(A)-Sepharose 4B mRNA-binding proteins, hnRNA 

Lysine-Sepharose 4B plasminogen, ribosomal RNA 

Blue Sepharose CL-6B serum albumin, nucleotide-requiring 
enzymes 

5'AMP-Sepharose 4B NAD’- “dependent dehydrogenases 

2'5'ADP-Sepharose 4B NADP *-dependent dehydrogenases 


For more information contact your usual supplier for the NEW guide 
“Affinity Chromatography — principles and methods’. 


Pharmacia Fine Chemicals AB i 
4 Pharmacia 

- sala ° ° 
Sweden j Fine Chemicals 
$$ 
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YES. | want to know more about your ELISET™ component 
system. | also want to know what ELISA can do and how | can 
get into it. Please send me your free catalog and information 
about your ELISA demo pack. 


NAME: 
TITLE: 
COMPANY: 
ADDRESS: 


CITY: __——COsCOSS TATE: 


TELEPHONE:( ) o —čŻć o —Ż o çć o 
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The FACS™ 
Analyzer is now 
available as the 
world’s newest and 
most innovative 
flow cytometer. The 
system measures 
individual cells si- 
multaneously for 
FLUORESCENCE intensity and color 

(using mercury-arc illumination) and for 
SIZE (as measured by electronic volume) 
at up to 1,000 cells per second. Data analy- 
sis and display rapidly provide a distribu- 
tion of measured properties for evaluation 
of cellular subpopulations. 


Instrumentation Firsts 
The FACS Analyzer System is a highly ca- 
pable laboratory instrument of the highest 
quality. It represents two very important 
firsts in instruments generally available for 
flow cytometry: sufficient fluorescence 
sensitivity is obtained using a mercury-arc 
light source to enable very low level 
immunofluorescence measurements, and 
these two fluorescence measurements are 
obtained simultaneously with cell volume. 
These features are provided at surprisingly 
modest cost for an instrument of such ca- 
pabilities. Continuing operating costs are 
low due to the simplicity of design and use 
of mercury-arc illumination. Ease of oper- 
ation is another direct result of the design. 


Highest Sensitivity and Resolution 
FACS Analyzer measurements have been 
documented for sensitivity to as few as 
30,000 fluorescein molecules. This 
is of paramount importance in measure- 
ment of lower-level immunofluorescence 











signals, and represents the greatest sensi- 


. tivity thus far achieved using a non-laser il- 


lumination source in a commercial flow 
cytometer. The Analyzer volume measure- 
ment is sensitive to particles as small as 
1.6 microns diameter. Resolution attain- 
able meets or exceeds that stated for test 
samples; that is, 2.0 to 2.5 percent coeffi- 
cient of variation in fluorescence and the 
same in volume. Resolution of this degree 
is of importance in cell kinetics data 
representing DNA content per cell. Analy- 
sis is available with several size flow 
orifices to enable operation with a wide va- 
riety of samples. 


Advanced Applications 
Since the introduction 
of the first FACS Cell 
Sorter, the number of 
instruments in use and 
their contributions to 
active research have 
steadily accelerated. 
Hundreds of 
publications have ap- 
peared in the scientific 
literature. There are 
several annual, inter- 
national meetings 
devoted to this technology. FACS analysis 
is now a major research technique in can- 
cer immunology, hematology, cell kinetics, 
pathology, biochemistry, general im- 
munology, and quantitative cytology. Cells 
and substances of interest include DNA 
and RNA, lymphocytes, leukocytes, plate- 
lets, antigens, immunoglobulins, en- 
zymes, viruses, chemical agents, and 
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chromosomes. Potential research applica- 
tions range over virtuaily all biology and 
medicine. 


Advanced Features 
FACS Cell Sorter features are of proven 
importance in diverse applications world- 
wide. Many are incorporated in the FACS 
Analyzer. Major features include the two 
fluorescence measurements made simul- 
taneously with electronic cell volume on 
individual cells. Mercury-arc lamp il- 
lumination is standard, with filter sets for 
use with numerous fluorescent probes. 
Fluorescence and volume sensitivity are 
provided for immunofluorescence studies, 
and fluorescence and volume resolution 
for cell kinetics work 
Both logarithmic and 
linear signal ampli- 
fiers, front panel com- 
pensation for two- 
fluorescence emission 
overlap, third parame- 
ter gating, and ratios 
of any two parameters 
for analysis enable 
easy operation of so- 
phisticated functions. 
Separate Sensor 
and Analysis Units enabie operation of the 
Sensor Unit with existing FACS Cell 
Sorters. 


For additional information, please call or 
write Becton Dickinson FACS Systems 
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FACS Systems 


490-B Lakeside Drive 
Sunnyvale, California 94986 
(408) 738-8558; TWX 910 338 2026 





2800 Mechelen, Belgium 
015/29.01.43; Telex 846 72096 





with LECTINS and GLYCOSIDASES 


$ `: BRL offers a series of eleven lectins of varying specificity purified to homogeneity by affinity chromatography. A 
<- Product Profile Sheet describing quality control assays and results of each assay accompanies every lectin. 









l BRL offers four glycosidases, the first of an extensive series. Each glycosidase is free of proteases and assayed for 
© cognate glycosidase activity. A Product Profile Sheet describing these assays and giving their results is supplied 
with every glycosidase. 


G i 


DBA Dolichos biforus Aggin (B8405LA) 
a-L-Fue E 





u R-g-D- Gal NAC | HPA Helix pornatia Aggin (8407LA 
UEA | Ulex europaeus Aggin (B8404LA) So i i 


soy Beon Again (8410LA) 





WGA Wheat Germ Aggin (8B406LA) @) B-D-GleNAc-R 


a-D-Man 
aD-Galactosiciase (BIMLA) 





a-D-N-acetyigatactosaminidase (83031A) J- R-a-D-Gal 


a-D-GalNAC-R 





d Neuraminicase (8300LA) 
NANA 


CON AConcanavalinA (6 a LPA Limulus polyphemus Aggin (8403SA) 





LCA Lens culinaris Aggin (84091A) Concanavalin A (8400LA) 


Ser-a-D-GalNAc-R-a- D-Gle 
a-D-N-ocelyigalactosarninyl-oligosaccharidase (8302LA) a 
L 4 LGA Lens culinaris Aggin (8409LA) 
R-(£-D-Gal-a-D-GalNAe)-Ser 





B-D-Man -B-D-GleN. Acb- D-GleNAe-Asn MPA Maclura pomifera Aggin (8402LA) 






$ ep.D-GateD-ge ©) PNA Peanut Aggin (840814) 


a-L-Fue ow RCA I Ricinis communis Aggin (8404SA) 





BRL welcomes all technical inquiries on these products. Please call (800) 638-4045 (USA 


Bethesda Research Laboratories, Inc. BRL, GmbH Offenbacher Strasse 113 
P.O. Box 577, Gaithersburg, MD 20760 6078 Neu Isenburg West Germany 

To Order (800) 638-8992 Telephone: 06102-3206 

In Maryland: (301) 840-8000 Telex: 417699 BRL NID 

Telex: 908750 BRL GARG 
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Back to the Pleistocene 


Time runs out for space telescope 
From the frying-pan into the fire? 
DNA guidelines 

Plant genetics 

Polish education 
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New antibiotics 
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Peer review/Tamuz 180 
NEWS AND VIEWS 
Supernovae (V Trimble) 


Cholinergic neurones and memory 
(S Zeisel, D Reinstein, S Corkin, 
J Growdon & R Wurtman) 

How different are human races? 
(J S Jones) 

The Burgess Shale: a unique Cambrian 
fauna (R A Fortey) 

Early results from Magsat (R A Langel, 
R H Estes & M A Mayhew) 

The East Asian jigsaw puzzle — Pangaea 
atrisk? (N Haile) 186 


BOOK REVIEWS 


Public Science — Private View (by D W 
Budworth) Scientists in Whitehall (by P 
Gummett) and Industrial Innovation and 
Public Policy: (by R Rothwell and W 
Zegveld) Duncan Davies; Nuclear 
Reactions with Heavy Ions (by R Bass) 

D M Brink; Enzyme Regulation and 
Metabolic Diseases (by F Belfiore) M C 
Scrutton; Molecular Shapes: Theoretical 
Models of Inorganic Stereochemistry (by 
J K Burdett) William L Jolly; Behavioral 
Mechanisms in Ecology (by D H Morse) 
T R Birkhead | 241 
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“100 years ago 191 
Author Index to Vol 292 xix 
Product review: M 

Spectrophotometry xxxiii 

- Cover 


| The supernova remanant G109.1-1.0 as seen by the 
Einstein X-ray satellite. The discovery of an X-ray 
pulsar within the remnant is described on page 202. 
. Rapid spectral and luminosity variations of cataclysmic 
- variable stars are discussed on pages 200 and 204. 









Agricultural production and 
malaria resurgence in 
Central America and India 


G Chapin 
& R Wasserstrom 












M Sarnthein, G Tetzlaff, 
B Koopmann, xX Wolter 


Glacial and interglacial wind regimes 
over the eastern subtropical 


Atlantic and North-west Africa & U Pflaumanna 193 — 
Dispersion of a-like globin genes A Leder, D Swan, 

of the mouse to F Ruddle, P D*Eustachio 

three different chromosomes & P Leder 196 





B Margon, R A Downes 


Synchronous extreme spectral 











variability of BE Ursae Majoris & J I Katz 200 
An X-ray pulsar in SNR G109.1~-1.0 G G Fahlman & P C Gregory 202 
The X-ray cataclysmic J Bailey, J H Hough, 
variable 1E0643.0-1648 A Schwarzenberg-Czerny, 

I Gatley, R F Jameson 

& D A Hanes 204 
Heterogeneous photocatalytic M Fujihira, Y Satoh 
oxidation of & T Osa 
aromatic compounds on TiO, 206 
A wave theory for F D C Hammond 
sandwaves in shelf-seas & A D Heathershaw 208 
Radiocarbon dating and S Lowe 
stratigraphic resolution 
in Welsh lateglacial chronology 210 
Fragmentation of Asia in the Permian M W McElhinay, 

B J J Embleton, 

X H Ma & ZK Zhang 212 
Is volcanic ash a pneumoconiosis risk? F H Y Green, V Vallyathan, 

M S Mentnech, J H Tucker, 

J A Merchant, P J Kiessling, 

J A Antonius & P Parshley 216 
Inherited retinal dystrophy in RCS ER Berman, N Segal, 
rats: a deficiency in vitamin A S Photiou, H Rothman 
esterification in pigment epithelium & L Feeney-Burns 217 
Retinal bipolar cells with double A Kaneko & M Tachibana —— 
colour-opponent receptive fields 220 0 oe 
A synthetic peptide G Engberg, T H Svensson, 
as an antagonist of substance P S Rosell & K Felkers 222 
Cartilage proteoglycans inhibit A M Rich, E. Pearlstein, 7 
fibronectin-mediated adhesion G Weissmann & 5 T Hoffstein 224 
Cell-specific drug transfer from LD Leserman, P Machy E 7 
liposomes bearing & J Barbet 
monocional antibodies 226 
Genetic modification of L Salkoff&R Wyman E 
potassium channels in 
Drosophila Shaker mutants 228 
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Conteats continued overleaf 


Amersh: m offer 
-end labelling kits 
which give you: 


Convenience 
All the reagents needed to labe! DNA in one kit. 








Flexibility 

Amersham's kits are available with or without 
cordycepin 5'-[a-32P]triphosphate for maximum 
economy of label. 


Efficiency 
Labels all 3 types of 3’-end — protruding, blunt and 
recessed. 


Simplicity 
Few pipetting steps. 
Easy to handle volumes. 





Quality 

All batches of our kit are subject to rigorous quality 
control. A copy of the autoradiograph, obtained 
after labelling the standard DNA provided in a 
standard reaction, is supplied with each kit. 


PB.4025 Non-racioactive reagents + 250uCi cordycepin 5’- |a-??| triphosphate 
sufficient for 5 stancard 3°-end labelling reactions 


PB.4100 Non-racioactive reagents + 1mCi cordycepin 5'-|a-##P] triphosphate 
sufficient for 20 standard 3’-end labelling reactions 


N.4005 Non-radioactive reagents only — sufficient for 5 standard 3’-end labelling 
reactions 


N.4020 Non-radioactive reagents only - sufficiént for 20 standard 3'-end labelling 
reactions 


Please call Amersham or your localsrepresentative 
for further cetails of our kits. 





Amersham International Limited, Amersham, England Telephone 024 04-4444 

in the U.S.A. and Canaca, Amersham Corporation, Illinois 60005 Telephone 312-364-7100 
and 800-323-9750 (Tollfree) 

in W. Germany, Amersham Buchler GmbH & Co KG, Braunschweig Telephone 05307-4691 
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e How Britain 
runs its Science 
This highly successful 
walichart, which first 
appeared in 1975, has now 
been completely revised 
and updated. 


The 2x3 ft guide offers a comprehensive 
survey of the administration of British 
science. It provides a full account of the 
funding of science in Britain, giving 
details of money spent by government, 
research councils, industry and 
universities. 

Designed as a fold-out sheet, it can be 
carried easily to meetings or hung as a 
wall poster for permanent reference. The 
new 1981 edition is available at £3.50 or 
$7.95 by sending your cheque to either 
Nature’s London or New York offices. 

In the UK and elsewhere: Nature, 

4 Little Essex Street, London WC2R 
3LF, England. 

In the US and Canada: Nature, Suite 
1503, 15 East 26th Street, New York, 

NY 10010, USA. 





Annual Subscription including Index src 





Rest of World* i 

*(not USA, Canada & Europe) 

Personal subscription rates are available in some 
countries to subscribers paying by personal cheque 
or credit card. 


Details can be obtained from: 
UK: Nature Promotion Department, 
4 Little Essex Street, London WC2R 3LF 
Telephone: Jonathan Earl: 01-836 6633 
USA: Nature, 15 East 26 Street, New York, NY 10010 
Credit card orders only (in USA & Canada): 
Call toll-free: (800) 824-7888 (Operator 246) 
In California: (800) 857-7777 (Operator 246) 
Back issues: (Post-paid) UK, £2.00; USA & 
Canada, US$6.00 (surface), US$8.50 (air); Rest of 
World, £2.50 (surface), £3.50 (air). 
Nature Binders: 
Single Binders: UK, £3.50; Rest of World, $8.50; 
Set(s) of Binders: UK, £9.50; Rest of World, $22.50 
Nature Annual Indexes (1971-1980): 
Prices (post-paid): 
UK, £5.00 each; Rest of World, $10.00 
Nature First issue Facsimile: 
UK, 75p; Rest of World (surface), $1.50, (air), £2.00 
Nature Directory of Biologicals 
(Hardcover edition) (to be published 1981) 
UK, £18.50; Rest of World, $45.00 
Nature Wallcharts: 
How Britain Runs its Science; UK, £3.50; 
USA, $7.95 each 
Nature in Microform: 
For Information: 
UK: UMI, 18 Bedford Row, London WC2R 4EJ 
USA: 300 North Zeeb Road, Ann Arbor, Mi 48106 
Orders (with remittance) to: 
Nature, Macmillan Journals Ltd., 
Brunel Road, Basingstoke, Hants RG21 2XS, UK 
Tel: (0256) 29242 Telex: 858493 
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Two variant s face | 
of Trypanosoma bruce 


have a conserved C-terminus & M Steinert 
Changes in the helical repeat of M Behe, S Z:mmerman 
poly(dG-m*dC)- poly(dG-m5dC) & G Felsenfeld 


and poly(dG-dC)+ poly(dG-dC) 
associated with the B-Z transition 
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V-test is not a statistical 
test of ‘homeward’ direction 
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Molecular packing in collagen 
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The Complete 
Column 


Everything you need comes in 
a convenient do-it-yourself kit 


Applicable for any bed height 
from 5 to 95 cm 


e Assembles in less than 5 min- 
utes without any extra tools 


e Packing cylinder and reservoir 
available as accessory 


The same low cost for both 
2 16 and 26 mm I.D. 


e Sample applicator included 









LKB Circle No. 26 on Reader Enquiry Card. 


Head office: Main US sales office: UK sales office: Other sales offices in: 








LKB-Produkter AB LKB Instruments, Inc. LKB Instruments Ltd — Athens (for Middte Kast), maT 
Box 305 12221 Parklawn Drive 232 Addington Road Copenhagen, Ghent, 

nesana S-16126 Bromma, Sweden Rockville, MD 20852 S. Croydon, Surrey CR2 8YD The Hague, Hong Kong, — — — 
Tel, 08-98 00 40, Tel. 301-881 25 10, England Munich, Paris, Rome, 


telex 10492 telex 230 89682 Tel. 01-657 8822 Telex 264414 Turku, Vienna. 


Pharmacia Fine Chemicals AB 


Box 175 i Pharmacia 


S-751 04 Uppsala 1 


asia Fine Chemicals 
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= Au | AG/CT Cat No. 239275 


Heine anton saaa aana paaa ma arannana nnana eyan mamman anna Aa A A ra a naaman e A deea te paa nea aaa aaan aaa da A din ade Neca mt 


Bam HI G/GATCC Cat. No. 567 604 
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Bgl Il A/GATCT Cat. No. 567 639 


ae ie reine ithe na ann Piatt try RRL HLA AMAR m an aA an anan aaaeei stance 


— Bst Ell G/GTNACC Cat. No. 567 612 
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Eco RI G/AATTC ~ Cat. No. 200310 


= Hind II GTPy/PUAG Cat. No. 567 688 
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 AIAGCTT Cat. No. 220 523 
do — GTT/AAC _ oo Cat. No. 567 647 


Hpa A 
Msp | 
Pst | 
Pvu I 
Pvu I 
sal l 
Sma a 
Sph 1 


C/CGG 
CAG/CTG | 


— GCATG/C 


Phosphatase; alkaline Cat. No. 405612 


Polynucleotide kinase Cat. No. 174 645 
DNA polymerase | (Klenow enzyme) Cat. No. 104 531 


_Dideoxyructeoside-5'-triphosphates_ 
“dace een “Cat. No. 606 154 
~ddTTP B Cat. No. 348 732 


" Deoxynucleoside-5’-triphosphates 
dATP, dCTP, dGTP, dITP, dTTP, dUTP 


Reverse transcriptase 7 


Endonuclease, N. crassa* 


Ribonuclease / A oO 
_ Ribonuclease | Th oe 
sens U2 o 


* acts like Phy lin presence of urea 


Our new booklet „Biochemicals in Molecular Biology“ 
will give you all the details. 
Contact your local representative for your copy or 
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Biochemica 
P.O. Box 310120 


W. Germany 


CIGCNG 
GITCGAC 
CCC/GGG ctu? 


TCGA 


D-6800 Mannheim 


from Boch ringer Mannhel mMm 
Restriction endonucleases 
i © C/ICGG = C 
- Cat. No. 
Cat. No. ( 


Cat. No. 


in prep. 
Cat. No. 


| Cat. | No. 


Cat. No. 
Cat. No. 
Cat. No. 


Cat. No. 


Cat. No. 


Cat. No. 





239291 


633 526 
621 633 


642 703 
567 663 
220 566 
606 1 20 
567 671 


109 118 


104 612 
109 142 
109 207 
265 667 


Boehringer Mannheim GmbH 


For maximum oper atorand pr oduct protection 
The Howorth Class1 and ClassT Microbiological Safety Cabinets 





) | Class] particularly suitable for use in hospital 


pathology and research laboratories. 


Cl TI designed primarily for 
ass microbiological and 
| =, chemical work. 
“S The Howorth Class | and Class |! 
`à, Cabinets comply with, and exceed, 
>, -\ the requirements of BS 5726 
\ | and are tested and accepted by 
Aas the D.H.S.S. for their list of | 
y approved cabinets. Efficient, 
= convenient and designed to offer 
the highest operator protection available. 









Write for full details or arrange to visit our 
laboratory/showroom for a 
demonstration. a 
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HOWORTH AIR ENGINEERING 


Howorth Air Engineering Ltd., Particulate Division N1.,Lorne Street, Farnworth, 3olton. BL4 7LZ. 
Telephone: Farnworth (0204) 71131. Telex: 635242 Howair G. 


Setting Tomorrows standards-Today! 
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Go with 


The NEW carrier for immobilization electroneutral, hydrophilic matrix with electroneutal. covalent bin 
of biomolecules for biocatalysis ding mechanism 
and affinity chromatography. high binding capacity due to high epoxide grour content 


macroporous Structure with a low water uptake 

high mechanical stability for large-scale industial processes. Ex 
cellent flow properties and good filtration and sentrifugation cha 
racteristics 

high chemical stability of the matrix and of the bonded ligands 
water uptake independent of pH and ionic strength (from pH 0—14) 
capability of reacting with low-molecular weight ligands in water 
or in organic solvents 























your real choice! 
Cem > 


Please send more detailed informations about 
EUPERGIT to 








Röhm 


GMBH WEITERSTADT 


Postfach 4347 
D-6100 Darmstadt 1 
West-Germany 








TM = Trade Mark 
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BIO LOGICALS 
builds custom 


oligonucleotides. 


Faster 


We will ship most custom-synthesized 
nucleotides within 2-3 weeks of receipt 
of your order. Our DNA/RNA Synthesizer 
automates the time-consuming process of 
building nucleic acid chains and gives. 
results in hours rather than in days. 

You can spend more of your time working 
with nucleotides, less of your time synthesizing 
them. For cost estimates and to place an 
order call, write, cable or Telex Margaret Whitby 
at BIO LOGICALS, Toronto, Canada. 
Tel: 416-364-8460 
Telex: 06-218746 
Cable address: LOGBIO 


aeai teste Custom 
Majee rt . (mar . 
j Synthesis 
Oligonucleotide sequences 
, ees <r of upto 20 bases will usually be shipped 
= within 2-3 weeks of receipt of your order. 
#* Modified and labeled bases can be incor- 
porated in custom sequences. We can 
x 7 produce chains of almost any length in- 
- cluding entire genes. Speed is not the only 
advantage of BIO LOGICALS' Custom 
auntheena Service. Our nucleotides are exceptionally 
sequence-verified pure and our accuracy is guaranteed. 


© eon cor” 
-_<—— = N - 
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Standard Products 


in addition to our custom service our catalogue contains a wide 
selection of linkers, primers and adapters for immediate delivery. 
Most synthetic linkers and adapters are available off-the-shelf. 
Purity and quality are equal to that of our custom products. 
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The DNA/RNA Synthesizer: in your laboratory or in ours, 
it will give you the oligonucleotides you need. Fast! 


DNA/RNA Synthesizer 


You may prefer to purchase your own DNA/RNA Synthesizer. 
if you do your technician will be able to make the nucleic 
acid sequences you need. Any desired sequence up to 

14 bases in length can be built automatically. Each base 
addition takes approximately 30 minutes. Operation simply 
involves loading the correct column, connecting our reagent 
and base packs and programming-in your sequence. The 
DNA/RNA Synthesizer cycles automatically until the chain 
is complete. It is then ready for the next program. After 
removal from the column your sequence may be purified or 
used as is for certain applications. Ligation of 14-mers Is a 
route to longer sequences. 


BIO LOGICALS 


90 Victoria Street, Toronto, Ontario 
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Before we call them ultra-pure, 


they have to get 


NENZYMES" is not simply a title bestowed 
on our ultra-pure enzymes and related prod- 
ucts for DNA-RNA research. It is an award for 
performance. 

NENZYMES must perform as standards 
in our routine biological testing programs for 
*#P- and *H-labeled nucleotides, as integral com- 
ponents in our nick translation and end labeling 
systems, and as standard tools in our cloning 
laboratory. Even to qualify for this work each lot 





their feet wet. 


is first subjected to numerous specific assays 
(which are recorded for customer inspection). 

So if NENZYMES weren't biologically pure 
we d soon find out. We're just as insistent on 
trouble-free system performance as you are. 

That’s why it makes sense to buy your 
enzymes from systems people. Call us for com- 
plete NENZYMES specifications and ordering 
information. 


New England Nuclear 


549 Albany Street, Boston, Massachusetts 02118 


Call toll-free: 800-225-1572 Telex: 94-0996 
(In Massachusetts and International: 617-482-9595) 


In Europe: NEN Chemicals GmbH, D-6072 Dreieich, W. Germany, 


Postfach 401240, Tel, (06103) 85034, Telex 4-17993 NEN D 


NEN Canada: 2453 46th Avenue, Lachine, Que. H8T 3C9, Tel. 514-636-4971. Telex 05-821808 


Circle No. 46 on Reader Enquiry 


8E-9103 


cats 





Autoradiograms, TLC plates, electrophoregrams. 





VAA 


Scan and integration of 
DNA sequence autoradiogram. 





‘Recorder additiona! dut calibrated witt 


With one E-C Densitometer, do any or all! 


The EC 910 Transmission Densitometer offers the most 
versatility at the lowest cost of any densitometer scan- 
ning in the visible light range. Only $1695" complete with 
electronic integrator, dielectric filter, and the support 
medium template of your choice. 

With it you can scan and integrate intact gel slabs and 
columns, X-ray film, cellulose acetate and chromato- 
graphy strips. and other patterns on selected support 
media. Scanning area 18cm X 25cm eliminates need for 
cutting. 

Interchangeable light slits and optical filters enable 
precise quantitation regardless of stain characteristics 

Compatible with all millivolt recorders, the EC 910 
Densitometer is lightweight, compact, and takes little 
bench space. Reliability assured by solid state electronics 

Like more information? Call E-C Technical Service 
collect at 813-344-1644 or write: 


E-C Apparatus Corporation 


3831 Tyrone Bivd. N 
St. Petersburg, Florida E-L 
33709 





Densitometer if ordered a! the same time 
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Mİy made the world’s 
Immuno assay 


liquid scintillation counter. 





The Philips RIA LSC is the only liquid 
scintillation counter in the world completely de- 
dicated to radioimmuno assay. It's also the only 
one which can perform the full range of RIA cal- 
culations, giving a direct print-out of the result, 
e.g. hormone concentration value. 

Furthermore, its built-in microcomputer 
can also store up to 15 different measuring pro- 
grammes, each with a wide range of parameter 
settings. 

But, despite this Capability, operation is 
simple, convenient and efficient Programme/ 
parameter set-up is via a user-orientated key- 
board. The programme to be used is then selec- 
ted by punching holes in the programme selec- 
tion card fixed to the tray. This gives positive 
sample identification and permits multi-user 
operation. It also means that Sample trays can 
easily be re-arranged after loading without dis- 
rupting the programming, thereby catering for 
urgent jobs. 

With its sample capacity of 310 (31 trays 
of 10 standard or mini vials each), the Philips 
RIA LSC can carry out up to 15 different RIA tests 
without supervision — just producing rapid, 
accurate results 

If you're doing a lot of RIA on a standard 
LSC, consider the Philips RIA LSC. It not only 
gives you the results you want, in the form in 
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Pomp 


e made it self-calculating too 


which you want them, but because it is dedi- 
cated to RIA and does not require an external 
computer for calculations, it also works out con- 
siderably cheaper. 

And if you are already one of the many 
Philips LSC users, with a few interchangeable 
accessories you can have the best of both 
worlds, 
Calculation possibilities include: - automatic calcula- 
tion and plotting of weighted dose response curve(s) 
for single and dual labelled samples: curve optimisa- 
tion in area of interest; comparison between entered 
and calculated concentrations: replicate averaging 
with % coefficient of variation; automatic elimination of 
faulty standards; calculation of actual concentrations 
of unknown samples: etc 
Programme parameters include: - window settings 
background subtract; normalisation count: number of 
replicates; pre-set time: pre-set count; repeat count 
low count reject; bound or free fraction Output format 
(e.g. CPM, DPM, % Bound, or Concentration) 


For further information contact. 
The Nuclear Analysis Manager, 
Phiiips Industries, S & | Division. Lelyweg 1 
7602 EA Almelo, The Netherlands 
Telephone: (05490) 1 82 91. Telex 36591 
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«Materials and Methods’ 





Key reasons researchers prefer S&S nitrocellu- 
lose, such as BA85, are its versatility and the 
fact that it is the material upon which the entire 
hybridization field is based. The first published 
report, in 1963, specified S&S nitrocellulose for 
filter hybridization. S&S nitrocellulose is still 
the accepted standard. 

Now S&S nitrocellulose is used extensively in 
Southern (DNA) transfers, RNA transfers, bi-direc- 
tional transfers, electrophoretic transfers, protein 
transfers, as well as plaque and colony hybridiza- 
tion studies. No other transfer medium has stood 
the test of time so well. 

Another important factor behind the preemin- 
ence of S&S in the genetics field is the S&S policy 
of total commitment to the user. S&S understands 
the applications of nitrocellulose and provides 
technical assistance, comprehensive applications 
literature and the “Sequences” newsletters. 
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S&S sets the standard 


Moreover, 18 years of experience as a manu fac- 
turer of nitrocellulose enables S&S to guarantee 
product quality, lot after lot. 

Publication of the basic transfer methods (as 
shown) is the latest example of S&S total commit- 
ment. Written by a team of leading molecular biol- 
ogists, this 8-page guide details DNA, RNA and 
protein transfer techniques using nitrocellulose 
and Transa-Bind™ diazotized media. It is availa- 
ble free upon request from S&S, manufacturer of 
the recognized standard. 


Schleicher& Schuell 


Schleicher & Schuell, Inc. 
Keene, New Hampshire 03431 
(603) 352-3810 

Schleicher & Schill GmbH, D-3354 
Dassel, West Germany 


Schleicher & Schall! AG, CH-8714 
Feldbach ZH, Switzerland 


PUT THE P-1 PUMP 
IN YOUR LAB... 


. on the bench or hang it from a ring stand or scaffolding. 





No matter where you put it, this peristaltic pump fits neatly into 
your ma 4% system. 












Connect it to your c 
Interface it with your mh 
Pek re 


umn. 
2 collector. 


viable flow of 
ommon 
g from 


No matter how yout 
liquids from 0. 61 o 
buffefor sol : er 


FLOW RATE 
B pe p $ 
MAX a 







For full details and specifications on fhe PLT FE ump, contact 
your Pharmacia Fine Chemicals representative today. 


Pharmacia Fine Chemicals AB . 
Box 175 (> Pharmacia 
a. Fine Chemicals 
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Column chromatography 
with a difference 


ISCO instruments save you time, simplify 
your work, and often give you results you 
can’t get in any other way. 

The Model UA-5 is an easy-to-use, dual 
beam absorbance/fluorescence detector 
with 13 discrete wavelengths. It has auto- 
matic scale expansion and can record two 
columns or two wavelengths at the same 
time. The Model 1840 variable wavelength 
detector operates from 190 to 625 nm. Both 
instruments have high sensitivity (0.002 
AUFS), a built-in 10 cm recorder, small 
volume flow cells, and the ISCO Peak 
Separator which deposits each peak into its 
own test tube. 

ISCO fraction collectors hold 10 to 25 mm 
diameter test tubes and 28 mm scintillation 
vials in removable self-standing racks. 
They’re available in large and small sizes, 
linear and circular configurations, and re- 
frigerated versions. 

Our 64 page catalog also includes meter- 
ing and gradient pumps, and all the acces- 
sories you need to make everything work 
right. Send for your copy today. ISCO, P.O. 
Box 5347, Lincoln, Nebraska 68505, U.S.A. 
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Protection for laboratory animals? 


The public regulation of the use made of laboratory animals is 
necessarily an awkward compromise between the interests of 
research and medicine on the one hand and the interests of the 
wider population on the other. The basis of all animal regulations 
is also philosophically fuzzy. Questions such as whether animals 
“feel pain” in the sense in which the term applies to those animals 
(human beings only?) equipped with consciousness are 
undecided. And while it is widely accepted, even in hard-line 
laboratories, that some restraint is needed, neither the scientific 
community nor those who advocate increasing restraint on the 
uses of laboratory animals are clear about the basis on which 
regulations’ should be drawn. The result is widespread 
incoherence, in which the extremists among the animal-lovers 
have taken to downright irrationality — in Britain, burglary and 
the theft of laboratory animals and the daubing of paint on the 
houses of well-known scientists often mistaken for vivisectionists 
(including, unaccountably, Sir Richard Doll). The danger now is 
that the new regulations for the protection of laboratory animals 
in prospect in several countries will be drawn up with as little 
concern for logic as were the regulations they will replace. 

Events in Britain, renowned for its differential love for certain 
species (mostly those to which cute diminutives such as “‘pussy”’ 
or ‘‘bunny’’ can be applied) are potentially a guide to what may 
happen elsewhere. In spite of a vigorous campaign against 
“vivisection” for the past century, the laboratory uses of animals 
are still regulated by the Cruelty to Animals Act of 1876. The act is 
administered by the Home Office, which issues licences to 
experimenters and maintains a staff of fifteen inspectors to 
monitor observance of the conditions attached to licences. In the 
past few years, however, even the government has come to accept 
that the time has come for reform. Since 1979, the issue has been 
alive in the British Parliament. In May, the Council of Europe 
finished drafting a convention that is yet another spur to change. 
Meanwhile, the Home Office has asked its Advisory Committee 
on Animal Experiments to suggest what should be done — and 
has thanked it by saying that ‘‘its report does not provide a 
definitive basis for. . . legislation’’. 

The need for change is obvious enough, and put clearly in the 
advisory committee’s report (which may be had free of charge 
from the Home Office). Since 1876, the uses of laboratory 
animals have been widened enormously; experimental 
psychology was not then foreseen, for example. Moreover, the act 
does not apply to the use of animals other than for ‘‘experiments’’ 
nor to the establishments in which laboratory animals are bred or 
kept. The advisory committee (whose chairman is Dr Mary 
Warnock) is rightly scornful of the requirement than an 
application for a licence should be countersigned by the president 
of one of nine nominated learned societies; public administration 
should be rid of the procedure of the rubber stamp. It rightly says 
that the most important change since 1876 has been the scale on 
which laboratory animals are now used. But, while predictably a 
model of clarity, it falls short of acknowledging the consequences 
for seemly and effective regulation of the growth of the numbers 
of animals in laboratories in the past century. 

But how is this to be accomplished? The first need is that there 
should be a fuller understanding of the diversity of the case 
against the use of laboratory animals. Existing legislation, in 
Britain and elsewhere, is based on the assumption that procedures 
that would cause pain (were it not for anaesthesia) are justifiable 
only by their objectives as assessed by human beings — better 
medicine (or even better veterinary practice), better under- 
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standing or better teaching. Thus the 1876 Act requires that 
experiments involving pain must be carried out under anaesthesia 
(and the Home Secretary has not waived this regulation for the 
past half-century). The moderate case against the existing 
regulations involves the range of their application — oni 


vertebrates? even embryonic forms such as tadpoles? — butalso 
asks that experiments and other procedures involving animals __ 
should be kept to a minimum. Much of this case is conceded by 


those working with laboratory animals. The abiding irony is that 
the more stringent testing of medicines, and attempts to spot 


occupational carcinogens in advance, entail a potentially very. F 


large increase of the scale on which experiments with animals are 
conducted. Yet disputes persist, and in principle cannot be 
resolved objectively. People differ in their necessarily subjective 
assessment of what constitutes pain, or excessive pain, in a 
member of some other species, Even the version of the 
Laboratory Animals Protection Bill first introduced in the House 
of Lords by Lord Halsbury, which has since been amended (with 
the government’s approval) by a select committee, would not 
avoid such difficulties. 

More extreme arguments against laboratory experiments with 
animals are not, however, simply to be scorned. Quite apart from 
disputes of a quantitative kind about the degree of human benefit 
expected from particular uses of laboratory animals, there are 
many who hold that other than human animals deserve equal 
consideration and respect, with the result that no laboratory pro- 
cedures with animals are justifiable. This view is not exclusively 
religious, even if a central tenet of Buddhism. Many of those who 
hold it have been driven to their radical conclusion by ecological 
arguments (or even misunderstandings), or by a generalized 
conviction, misguided though it may be, that the benefits of all 
scientific work are overrated. 

Those who dissent from these opinions, presumably including 
all those who work with laboratory animals, must nevertheless 
not fall into the trap of supposing that they have no weight. They 
will certainly influence the British Home Office in drafting 
legislation — it may already be significant that the British dele- 
gation to the Council of Europe is kicking up a fuss about the 
provision (Article 8) of the draft convention that would permit 
licensed experiments causing pain without anaesthesia even 
though the convention is only permissive The trouble is that there 
is hardly ever any meeting between the radically opposed views of 
those who would continue to use laboratory animals and those 
who would stop them altogether. 

But why should the objectives of medicine and research be com- 
promised by forces of unreason? That will be the complaint. Up 
toa point, itis also the basis of the 1876 Act, which assumed that it 
was for the government to strike a wise balance between opposing 
interests and then to administer the regulations for the rest of 
time. This process is too static, too old-fashioned and provides 
too few opportunities for the arguments about the proper use of 
laboratory animals to be engaged and, with luck, resolved. Yet 
even the intelligent report of the advisory committee fails into the 
trap of supposing that the present system needs to be modified 
only to the extent that there should be a more powerful 
committee, able to advise on the interpretation of the law in novel 
circumstances. 

More daring is called for. The polarization between the paint- 
daubers and the scientific community will not be resolved bya 
new law in the old mould, however well considered. What is — 
needed is a mechanism that will repeatedly bring oppos 
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on the use of animals together in circumstances in which there are 
practical and not merely grand philosophical questions to be 
decided. So why not build into a new system of regulation a device 
that has worked wellin the regulation of genetic manipulation and 
of experimental procedures with human subjects — a committee 
at every important centre at which animals are used that would be 
empowered to sanction (or not to sanction) proposed uses of 
laboratory animals? Such a mechanism would be more than an 
exercise in public relations, for it could help to define if not to 
answer the philosophical questions that at present ensure that all 
legislations seems arbitrary to those most concerned. It need not 
impede the conduct of research nor rob the government of the 
political responsibility that it seems to cherish. And, if well run, 
such a system, while requiring of some scientists an extra 
committee meeting, could simplify and rationalize the present 
system of licensing. 


Away with Kondratiev 


Little has been heard of the Centre for Technical Change since 
it was first set up by the Leverhulme Trust and a consortium of 
British research councils just over a year ago. The delay, a little at 

‘odds with the declared objectives of understanding what is wrong 

with the British economy, is forgivable in that, as always, the 
recruitment of staff for a purpose-built organization is necessarily 
slow. Some hint of which way the wind is blowing can, however, 
be gleaned from the paper delivered earlier this week to the 
institute of Ceramics by the director of the centre, Sir Bruce 
Williams. His theme was the question of how to strike a balance 
between technical innovation, economic growth and leisure either 
enforced — as unemployment — or arranged as by means of 
education (which delays entry to the labour force), shorter 
working weeks or earlier retirement. His paper should be read in 
conjunction with a study, ‘Innovation and Efficiency’ by 
Haustein, Maier and Uhimann, now published in the institute’s 
series of JASA Reports (3, 309; 1981). 

Both arguments start by distinguishing between product and 
process innovations — respectively the innovations that 
introduce new products to the market and those which result 
either in the improvement of existing products or more efficient 
ways of making them. Of necessity, product innovations increase 
jobs, and process innovations decrease them. Williams refers to 
the Kondratiev cycle, the forty-to-fifty year cycle in economic 
activity attributed by Schumpter to the coincidence of 
innovations of all kinds at certain periods of time. Haustein et al. 
have carried out a study of the decline of productivity in 
industrialized countries over the past thirty years (in both 
‘*planned’’ and capitalist economies, Japan included) and, 
concluding that there is indeed a cycle in the ‘‘efficiency”’ of the 
process of innovation, unremarkably suggest that the success of 
an innovation is determined by such considerations as market 
potential, the organization of the firm or organization concerned 
and ‘‘know-how’’, whatever that may be. 

Williams, as might be expected, is more pragmatic. This may be 
a time of downturn in the Kondratiev cycle, and thus a time when 
the opportunity for jobs is also declining. But, with luck, there 
will eventually be an upturn. In the meantime, it might help if 
governments were to concentrate support for research and 
development on job-creating innovations. All this is sensible 
enough. But can either analysis be correct? Even the past few 
years have not been short on product innovations. The benefits of 
microelectronics have been widely touted, yet the benefits have 
not been quickly spread about because potential customers have 
not been able to afford them. Part of the trouble is that the 
manufacture of microelectronic equipment is labour intensive, 
which means that potential purchasers of, say, a home computer 
must also undertake to provide somebody else’s food and drink. 
The same, so to speak, is even more true in telecommunications, 
where the cost of installation often far outweighs the cost of 
manufacture. It is also manifest that the growth of most 
economies in the past thirty years has been sustained by the 
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improvement of agricultural productivity. So perhaps the way to 
avoid the Kondratiev cycle is to invest in process and not product 
innovation, contrary to expectation. Enabling the market to 
function is at least half the battle. 


Back to the Pleistocene 


Western Europe is plainly in for another bout of preoccupation 
with the building of a tunnel beneath the English Channel or La 
Manche, according to where you live. Observers of last week’s 
meeting between the British Prime Minister, Mrs Margaret 
Thatcher, and the President of France, M. Francois Mitterrand, 
seem unaccountably to have been at a loss to understand their 
cordiality (yet both are well-mannered people) and their decision 
to resurrect once again this ancient technological project, so long 
in the tooth that it was first abandoned when ihe British took 
fright that Napoleon might march an invading army beneath the 
sea. Last week’s agreement to carry out yet another feasibility 
study of the tunnel is, however, not at all surprising. The two 
politicians may differ in their politics but they share a common 
preoccupation with high and rising unemployment and the 
knowledge that its amelioration by the spending of domestic 
resources would entail that the printing presses would have to 
work harder than at present and that the consequences would be 
inflationary. Among megaprojects, however, the Channel 
Tunnel has the advantage that it might be possible to persuade the 
rest of the European Community to pay for a substantial part of 
the cost, on the grounds that it would assist the flow of trade 
within Europe as a whole. Yet whatever the European 
Community contributes, the chances are high that the immediate 
benefits would accrue in Britain and France. So much of the 
feasibility study will be among the moneybags of Brussels. 

Even if the immediate objective is economic, however, it will be 
in the public interest, both in Britain and in France, that technical 
considerations should not be overlooked. Some attention should 
also be paid to the reasons why previous proposals have collapsed. 
In 1975, for example, the proposed rail tunnel between Britain 
and France foundered on the gloomy calculations by British Rail 
of the cost of providing a railhead in Kent and a terminus in 
central London. The correctness of the decision was reinforced by 
the widespread disbelief that the railways would be able to load 
special trains with vehicles at a rate of one every few minutes and 
by the no doubt cynical conviction that to give the British and 
French railways a monopoly of wheeled communication between 
the two countries would merely provide them with a permanent 
means of recovering the cost of uneconomic services elsewhere. 
The lesson is that if there is to be a direct link between Britain and 
France, it should not be exclusively a rail link. 

With the passage of time since 1975, other candidate proposals 
for a direct link have emerged. British Steel and other European 
steel-making concerns are understandably keen to build a bridge 
most of the way across, using sections of immersed-tube tunnel in 
the shipping lanes. Unfortunately, none of these plans takes full 
account of the suitability of the Channel (or of La Manche) as the 
site for a feasible megaproject — the fact that it is nowhere deeper 
than fifty metres, with an average depth of some thirty-five 
metres. In such circumstances, dam-building is by no means out 
of court. Indeed, with a little ingenuity, the civil engineers could 
arrange to provide not merely a means of walking from Britain to 
France but also of providing the whole of Europe with electricity. 
To the complaint that adam would interfere with shipping there is 
the quite proper riposte that most of the ships are there only 
because the Channel (or La Manche) has taken the place of the 
late Pleistocene land-bridge. Industrial consortia wishing to 
pursue this option should consult the report of the competition to 
dam the Channel organized by Nature in 1968 (220, 1168). They 
should reflect that no harm will come from thinking big, for the 
new feasibility study, like its predecessors, is likely to conclude 
that building a link between Britain and France is no longer 
economically feasible even though it would have paid off 
handsomely if the decision had been taken at some earlier stage. 
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Time runs out for space telescope 


Guidance snags 
licked, others 
still hidden 


Washington 

Many fingers were crossed at a ground- 
breaking ceremony held at Johns Hopkins 
University in Baltimore, Maryland, on 
Monday to mark the beginning of 
construction work on the Space Telescope 
Science Institute. The construction of the 
Large Space Telescope itself, due to be 
launched from the space shuttle early in 
1985, seems just about on schedule and no 
major technical hurdles are foreseen. 

Those who attended a programme 
review at the National Aeronautics and 
Space Administration (NASA)’s Marshall 
Space Flight Center two weeks ago, 
however, came away nervous that 
unanticipated problems could disrupt the 
delicate equilibrium in which the whole 
project seems to be balanced. 

The Space Telescope Science Institute 
will be the principal observation and data 
analysis centre for the telescope, which will 
be placed in orbit 500 kilometres above the 
Earth’s surface. It is being built on Johns 
Hopkins’ Homewood Campus by the 
Association of Universities for Research in 
Astronomy under an initial five-year, $24 
million contract with NASA. Dr Riccardo 
Giacconi has been named director of the 
institute, which will eventually have a staff 
of about 150, including between 30 and 40 
astronomers from the United States and 
abroad. 

The good news on the telescope is that 
the two mirrors which make up its Ritchey- 
Chrétien optical system are almost 
completed and are said to work beyond 
expectations. But there is less certainty 
about the eventual outcome of the 
instrumentation being developed to 
maintain the direction and stability of the 
telescope in orbit. 

Initial designs for the fine-guidance 
sensor called for an image dissector able to 
capture a selected guide star combined with 
a fixed interferometer to compare the 
separate images of the star produced. 
When this proved to be a cumbersome 
arrangement Perkin-Elmer, the principal 
contractor for the Optical Telescope 
Assembly, put forward a more streamlined 
design which incorporated the moving 
parts into the interferometer. Once the 
start selector had found the guide star, the 
whole fine-guidance system would be 
locked in place, and directioning control 
transferred to the gyroscopes which are 
used to position the space support module 
within which the optical telescope assembly 
is contained. The scheme was calculated to 
operate with a high degree of accuracy. 
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Unfortunately it was realized ata late stage 
that, as the fine guidance sensor had a 
limited near range, by locking it in place the 
system would be unable to compensate for 
any sudden torque produced in the system 
as a whole in reaction to the movement of 
some other component if the result was a 
linear displacement of more than about 
0.015 arc seconds. 

Following this ‘‘pointing crisis’’, the 
whole system has been redesigned. New 
feedback has been introduced by keeping 
the star selector in the interferometer 


working in an active mode to keep the 
telescope fixed in its predetermined 
direction. Several parts of the five scientific 





Primary mirror — looking good 


instruments being carried are also being 
altered to reduce the effects of their 
movement on the rest of the vehicle. 
However, the additional movement in 
the pointing system could still cause 
problems if either the fine-guidance sensor 


or the gyroscopes create some 
unanticipated resonance in the support 
structure, something that will only be 
discovered during the pre-launch phase 
when a modal survey will be carried out. 

The alterations will also mean a slight 
degradation in the telescope’s expected 
performance. This will still be well within 
the minimum performance included in the 
original design specifications; but it will 
not, at least initially, be as high as it could 
have been if more time (and development 
funds) had been available. 

Under the original Perkin-Elmer design, 
for example, the telescope was expected to 
be able to maintain an accuracy of 0.007 
arc seconds over extended periods of time. 
The new system is designed to an accuracy 
of 0.012 arc seconds although it is hoped 
that in practice this can be raised to 0.009 arc 
seconds. Although much higher than most 
astronomers need, this will, for example, 
result in a loss of some image quality in the 
ultra violet range with the faint-image camera 
being built by the European Space Agency. 

According to project scientist Dr Robert 
O’ Dell, however, the main problems faced 
by the space telescope are not technical but 
financial, The development programme — 
costing about $120 million a year — is at the 
stage when delays can have the most signifi- 
cant impact on overall costs. 

Late last year NASA reviewed the pro- 
gramme in view of problems that seemed to 
be emerging at Perkin-Elmer. This set the 
launch date back by eighteen months to 
early 1985, and the total predicted cost was 
increased by about $150 million in 1982 
dollars to between $700 and $750 million. 


From the frying-pan into the fire? 


The British Prime Minister, Mrs 
Margaret Thatcher, announced earlier this 
week that the Secretary of State for 
Education and Science since May 1979, Mr 
Mark Carlisle, has been replaced by Sir 
Keith Joseph, Secretary of State for 
Industry during the same period. The 
changes are part of a substantial 
reorganization of the British Cabinet. 

Mr Carlisle will now become an ordinary 
Member of Parliament. Sir Keith will 
remain a member of the Cabinet, in which 
he has been one of the principal advocates 
of monetarist policies since the election of 
the present government, but the post of 
Secretary of State for Education and 
Science is usually reckoned to carry with it 
less political clout than that at industry. 

Even so, and in spite of Sir Keith’s 
reputation for agonizing hard and long 
(and sometimes too long) before making a 
decision, the arrival of anew minister at the 
department will be welcomed in higher 
education. Mr Carlisle's uncompleted 
business includes the need to respond tothe 
demand of the House of Commons Select 
Committee on Education for a sight of the 


letters written to him by the chairman of 
the University Grants committee, Dr 
Edward Parkes, and the need to respond to 
the demand by the Committee of Vice- 
Chancellors and Principals that funds 
should be made available to pay for the cost 
of redundancies among academics forced 
on the universities in July. The arrival at 
the Department of Education and Science 
of a secretary of state free to disown his 
predecessor's decisions will seem to many 
universities to be an opportunity for reprieve. 

The reshuffle may, however, have come 
too late for some universities. Those which 
have already drawn up plans for reducing 
academic payrolls by compulsory 
redundancy may find that their compliance 
is taken as a sign of weakness. The rest are 
likely now argue that a slower contraction 
of the university system than decreed will in 
the long run be more economical. 

The Space Telescope remains at the top 
of NASA’s space science priority list. Pro- 
posed to Congress by President Carter in 
1977, it is the last ‘“‘new start’’ to have 
escaped budget cuts, and its projected 
launch date has remained fixed on the 


©1981 Macmillan Journals Lid 


176 


space shuttle schedule in recent months 
while others have gradually slipped back. 

So far, everyone is being optimistic that 
the 1985 or possibly an earlier launch date 
will be met. This will be particularly 
important to planetary scientists who will 
need observations from the space telescope 
early in 1985 to prepare the imaging 
sequence for the Voyager 2 spacecraft as it 
approaches its encounter with Uranus on 
24 January 1986. 

If the programme does slip, NASA could 
be faced with a rapidly escalating bill as 
technical crews and scientific facilities are 
kept standing idle. The major nightmare is 
that as with the shuttle, budget increases 
caused by last-minute delays could have a 
considerable impact on other parts of the 
space science programme. David Dickson 


DNA guidelines 
Voluntary code 


Washington 

In a move that is expected to precipitate 
the withdrawal of government controls on 
recombinant DNA research, the National 
Institutes of Health (NIH) are being pro- 
visionally recommended by their 
Recombinant DNA Advisory Committee 
(RAC) to turn the safety guidelines which 
must at present be followed by all those 
receiving federal funds for such research 
into a voluntary code of practice. 

A resolution passed at a public meeting 
of the committee in Bethesda, Maryland, 
last Thursday recommended that, rather 
than expecting research workers to obey a 
special set of rules for experiments using 
recombinant DNA, in general the safety 
measures to be taken should be comparable 
with those suggested by, for example, the 
Center for Disease Control (CDC) for research 
involving the microorganisms in question. 

Changes suggested by RAC in the 
existing guidelines, first introduced by 
NIH in 1976, would keep the committee in 
existence as a forum for public discussion 
of potential safety problems. Several com- 
mittee members acknowledged that its 
function would be primarily social and 
‘political, designed to deflect any future 
local opposition to recombinant DNA research. 

individual universities and research 
institutions, however, would be free to 
decide how they administered the guide- 
lines, and would no longer be required by 
NIH to do this through a formally- 
established Institutional Biosafety Com- 
mittee (IBC) with a prescribed member- 
ship, as at present. Nor would most 
experiments require prior approval by 
IBCs or their equivalent. 

RAC’s actions followed suggestions by 
Dr Allan Campbell of Stanford University 
and Dr David Baltimore of the 
Massachusetts Institute of Technology, for 
a substantial easing up both in the con- 
tainment criteria to be used for different 
types of experiments, and in the admini- 
strative processes required to see that these 
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were followed (Nature 291, 3; 1981). These 
recommendations were passed to a sub- 
committee which presented its report to the 
full committee last week. In general, the 
members of the subcommittee agreed that 
there was a good scientific case for a 
significant reduction in the containment 
levels for all experiments apart from those 
known to present a particular type of danger. 

In its agreed statement, which will be 
published in the Federal Register for public 
comment before being given final 
consideration by RAC, the full committee 
suggests that where physical containment 
levels applicable to non-recombinant DNA 
experiments exist for either the host or the 
vector, for example those under revision 
by CDC, ‘‘recombinant DNA experiments 
should be carried out at containment levels 
at least as high as those recommended for 
non-recombinant DNA experiments’’. 

Extensive discussion took place about 
which types of experiment should be pro- 
hibited (or under a voluntary code of prac- 
tice, should not be carried out) without 
explicit consideration. Committee 
members voted that it should no longer be 
necessary to suggest this either for large- 
scale experiments using more than 10 litres of 
culture, or for experiments which involved 
the release of genetically-altered micro- 
organisms into the environment. 

However, the committee also agreed that 
special consideration should still be given 
to experiments which involve the transfer 
of drug-resistance traits, as well as work 
with known toxins, for which specific con- 
tainment levels would still be 
recommended. 

There was less agreement on how much 
of an administrative apparatus should be 
kept in place. Professor Norton Zinder of 
the Rockefeller University made a strong 
plea to the committee that, because the 
scientific basis for imposing strict 
regulations on research workers seemed to 
be evaporating, the RAC should consider 
phasing itself out of existence. 

Dr Baltimore responded by saying he 
felt RAC could continue to play an 
important role. In the past, for example, 
congressional legislators had been able to 
use the existence of the committee to ward 
off demands for regulatory legislation. In 
the same way he said, in communities such 
as Boston where the activities of emerging 
genetic engineering companies has once 
again stimulated a fierce public debate over 
the potential health and environmental 


risks, the absence of a national focus could 


stimulate demands for increased local sur- 
veillance and control. 

The committee as a whole seemed eager 
to get on with dismantling the regulatory 
structure that has been built up by NIH. By 
a vote of 16 members to three, with one 
abstention, it agreed to a statement 
recommending revisions to the guidelines 
that would eliminate their mandatory 
element, remove the now-redundant 
section suggesting voluntary compliance 
by private industry, remove several 
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categories from the list of prohibitions 
(which would be referred to as 
‘“‘admonitions’’), and merely include the 
statement that ‘‘adherence to these stan- 
ards by all laboratories using recombinant 
DNAisrecommended’’. David Dickson 


Plant genetics 


Head-hunt threat 


Britain could lose the fruits of research 
of genetic manipulation with plant 
material unless steps are taken soon to 
exploit techniques now being developed. 
That is the concern of the British 
Technology Group (formed last month 
from the former National Research 
Development Corporation and the 
National Enterprise Board). The group is 
especially concerned about commercially 
promising developments within the 
Agricultural Research Council's special 
programme. 

The chief concern is that the council’s 
programme has been so successful as to 
arouse the interest of biotechnology com- 
panies in the United States. Represen- 
tatives from several companies, including 
Advanced Genetic Science from 
Greenwich, Connecticut, and Boston- 
based Genetics International, have been 
head-hunting in council institutes. The 
British Technology Group fears that the 
US companies will tempt away people and 
ideas before British industry can make an 
alternative investment. 

Most efforts so far have comprised job 
offers in the United States and money for 
fellowships in Britain, but some companies 
are said also to be considering setting up 
laboratories in Britain. Joint projects with 
the Agricultural Research Council are 
ruled out because of the understanding that 
the British Technology Group should have 
first refusal on commercially promising 
developments by research council 
scientists. 

All parties agree that there is no 
immediate threat of an exodus of British 
plant geneticists, but each recognizes that a 
British initiative is needed fairly urgently if 
the lure is not to become too great. One of 
the possibilities being looked at is for a 
company similar to Celltech; one fear is 
that even such a company might rob the 
Agricultural Research Council of staff. 

Like Celltech, the new company might 
begin by supplying monoclonal antibodies 
for veterinary use, among other things. 
Research under the Agricultural Research 
Council’s genetic manipulation pro- 
gramme is too long-term, however, to be of 
immediate application. [t includes express- 
ing nitrogen-fixing genes in chloroplast 
cells, expressing chloroplast genes in 
Escherichia coli and the cloning of genes 
specific to barley storage protein. Recent 
progress in these and other areas, however, 
seems to have persuaded the American 
companies that they are worth investing in 
even now. Judy Redfearn 
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Polish education 


Solidarity solid 


Last week’s Congress of Solidarity in 
Gdansk called on the Polish government to 
introduce a bill on higher education that 
would be acceptable to members of the 
academic and learned professions. This 
reflects a growing concern in Polish 
academic circles that the very considerable 
gains in academic autonomy won during 
the past year might be reduced when the 
negotiations between government and 
academics are codified in a new law. 

The gains range from the right of the 
senate of a university to elect its own rector 
and dean through student participation in 
university government to the abolition of 
censorship of imported publications 
needed for academic study. It has also been 
agreed that compulsory Russian for under- 
graduates should be replaced by the choice 
of a foreign language. 

So far, however, these concessions have 
been made piecemeal. The most com- 
prehensive attempt to codify them — the 
Lodz Accords, which ended a month of 
student unrest last February — was 
expressed in terms so vague that there were 
considerable doubts in academic circles as 
to how binding they might be. 

During the past six weeks, there have 
been several hints that the Polish 
authorities, while not actually reneging on 
their promises, are trying to draw back 
from the most radical demands, From the 
new censorship law, passed at the end of 
July, there seems to have been struck out 
the promised clause that a returning 
traveller could import for his or her own 
use one copy of any foreign publication, 
however controversial. 

The new Independent Students’ 
Association, legitimized by the Lodz 
Accords, is also concerned about apparent 
attempts by the authorities to whittle down 
student power. These include the 
deportation, in February, of a Czech 
student, Lenka Cvrckova, who had played 
a major part in organizing the Lodz 
protests. (She is now in gaol in Prague 
awaiting retrial on charges of passport 
irregularities after an acquittal by a lower 
court was overruled.) 

The Ministry of Science, Higher 
Education and Technology has also 
refused to permit legal recognition to the 
student unions of Poland’s three main 
ethnic minorities — Lithuanians, 
Byelorussians and Ukrainians — and it is 
suggested that the promised 33 per cent 
student representation on the senates of 
universities may be reduced to 20 per cent. 
Spokespersons for the students’ 
association stress that during the coming 
academic year there are unlikely to be 
major clashes between students and the 
university governing bodies — since the 
rectors and deans have already been elected 
by the new procedures. The possibility of 
clashes between students and the ministry 
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is, however, far from remote. 

So sensitive is the situation in some 
universities, apparently, that there have 
been suggestions that the opening of the 
academic year may be postponed — 
ostensibly on account of the economic 
crisis. Of greater significance, however, is 
the meeting last week between the new 
Minister of Science, Higher Education and 
Technology, Dr Jerzy Nawrocki, and 
representatives of the Union of Polish 
Teachers. This body, which includes 
university lecturers as well as 
schoolteachers, is not allied with Solidarity 
but is one of the old pre-1980 party-linked 
unions. Like Solidarity, however, this 
union considers that the government’s 
draft bill on higher education shows a 
number of ‘‘negative deviations” from the 
version prepared by the ‘‘social 
codification commission’’. Minister 
Nawrocki has replied that apart from a few 
editorial changes, all the changes were 
‘indispensable’ modifications, reflecting 
the existing legal order and the powers of 
the state organs. The Union of Polish 
Teachers is unimpressed, and has called for 
further talks. Vera Rich 


UK atomic energy 


Research reaction 


The United Kingdom Atomic Energy 
Authority last year stepped up research on 
pressurized water and advanced gas-cooled 
reactors, partly in reaction to the govern- 
ment’s commitment to a substantial pro- 
gramme of building thermal nuclear power 
stations. But fast reactor research con- 
sumed the lion’s share — £82 million — of 
the £114 million 1980-81 nuclear research 
and development budget. 

The authority is, however, cheerful 
about progress in the fast reactor division. 
Dr Walter Marshall, the authofity’s new 
chairman, announced last week that a new 
conceptual design for a commercial 
demonstration fast reactor will be ready 
shortly. The design, the latest of several 
drawn up by the National Nuclear Cor- 
poration in conjunction with the authority, 
is said to be ‘‘compact and elegant’’, and 
also cheaper than previous designs. 
Indeed, the authority estimates that a 
demonstration plant will cost only about 20 
per cent more than a conventional 
advanced gas-cooled reactor, probably 
making it cheaper than France’s 
Superphenix. 

Dr Marshall seems, nevertheless, less 
concerned than his predecessor, Sir John 
Hill, that the government should agree to 
finance such a reactor now. The impli- 
cation is that the new commitment to a 
thermal reactor programme will keep the 
authority and the rest of the nuclear 
industry busy for some time. Dr Marshall 
would prefer to wait until after the public 
inquiry into the Sizewell pressurized water 
reactor, but would appreciate a 
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statement of intent much sooner. 

The fear that a lengthy delay in making 
such a commitment could jeopardize nego- 
tiations over international collaboration, 
in particular with the United States and 
France, seems to have receded. Dr 
‘Marshall, who has been talking to the US 
and French administrations, is optimistic 
that some arrangement will be possible 
about collaboration on fast reactors. 

The authority has increased research 
into the safety of pressurized water 
reactors, in particular into the integrity of 
pressure vessels, the hazards of loss of 
coolant accidents and the impact of a 
major, but improbable, accident which, it 
says, would not release as much radio- 
activity as had previously been thought. 
The authority has also proposed that an 
Inspection Validation Centre be set up to 
train inspectors of pressure vessels, but has 
yet to make a forma! application for the 
facility to the government. 

Dr Marshall, who was speaking during 
the presentation of the authority's 1980-81 
annual report, did not, however, have any- 
thing to say about the progress of the task 
force established earlier this year, under his 
chairmanship, to rethink the National 
Nuclear Corporation’s design of a British 
pressurized water reactor. That design had 
become overcomplicated in an attempt to 
incorporate extra safety features. 

The authority’s expenditure during 
1980-81 was slightly more in real terms than 
in the previous year. Total expenditure 
was about £331 million, of which 
£187 million came from parliamentary 
grant, the rest from income earned through 
services to industry. Judy Redfearn 


Computer memories 
Bubbles burst 


Washington 

At the beginning of the year bubble 
computer memories, first developed by 
Bell Laboratories in the 1960s and intro- 
duced to the market four years ago, seemed 
poised for take-off. Although sales up to 
that point had been slow, they were pre- 
dicted to rise sharply to about $40 million 
in 1981, and four large US companies — 
Texas Instruments, National Semi- 
conductors Corporation, Rockweil Inter- 
national and Intel —- were publicizing plans 
to compete for a substantial share. 

Now only Intel remains. National Semi- 
conductors has announced its intention to 
withdraw from the bubble memory 
business, a decision that followed similar 
announcements by Texas Instruments and 
Rockwell earlier in the year. Intel remains 
confident that it can still find specialist 
applications in which bubble memories can 
meet its initial expectations, But grandiose 
schemes for their becoming a major 
competitor to conventional disk storage 
and silicon chips now seem unlikely to 
materialize. 

National Semiconductors’ decision was 
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not based solely on its experience with 
bubble technology. The company, which is 
the second largest producer of integrated 
circuits in the United States, is going 
through a difficult period as a result of a 
general slackening of world demand for 
semiconductors. It has already reduced its 
2,800 workforce in the United States by 
three per cent, and is closing its operations 
for a few days in both September and 
December to save money. Part of this 
general retrenchment involves phasing out 
several products, including the bubble 
memory devices, which achieved sales of 
only one million dollars last year. 

Bubble memories work by storing 
information in the form of small polarized 
regions created in magnetic film. These 
appear as ‘‘bubbles’’ of magnetism, and 
can be forced along tracks by a pulsating 
magnetic field. 

They have several advantages over more 
conventional memory systems, one being a 
potentially large capacity to store inform- 
ation. Intel announced in 1979, for 
example, a bubble memory capable of 
storing one million bits of information, 
while semiconductor manufacturers are 
still struggling to produce reliable chips 
capable of storing 64,000 bits. 

Bubble memories are considerably faster 
than floppy disk storage. They are more 
reliable than magnetic tapes and disk 
storage since they have no moving parts. 
And unlike silicon chips, they do not lose 
stored data during power failures. 

Against these advantages, however, 
several factors have handicapped bubble 
memories in the market. For a start they 
tend to be considerably slower than silicon 
chips. And while research and development 
into bubble memories has been aimed at 
improving their performance, the price of 
competing systems has been falling at such 
a dramatic rate that the advantages of 
bubbles have been insufficient to achieve 
the volume sales necessary to reduce prices. 

While the price of floppy disk storage fell 
from about 0.04 00.01 of acent for storing 
a single bit of information between 1977 
and 1981, and random access memories 
from 0.08 to 0.02 over the same period, the 
cost of bubble memories remains an order 
of magnitude higher. 

Compounding the price disadvantage 
have been apparent marketing failures by 
several of the companies. Both Rockwell 
and Texas Instruments are said to have 
concentrated excessively on refining the 
technology of bubble memories while 
neglecting the ancillary equipment 
necessary to make them as easy to use as 
conventional memory systems. 

Supporters of bubble memory tech- 
nology now admit that they are unlikely to 
overtake the market position of either disks 
or silicon chips. Where they are more likely 
to find a niche is in specialized applications 
where they can capitalize on their 
particular advantages, for example in 
defence or factory equipment operating in 
particularly harsh conditions. 


pind etait te arrani AAT AA A 





OO28-08 36/81/3801 78-02901 00 


Another potential application is in 
telecommunications. However, even Bell 
Laboratories, which pioneered bubble 
memories in this field admits to frustration 
in persuading its parent body, American 
Telephone and Telegraph, to replace disks 
with bubbles in telephone switching 
systems. Initial projections that this would 
take place in the early 1980s have now been 
put back ‘‘two or three years’’. 

David Dickson 


New antibiotics 


Combined attack 


If the hopes of the British pharmaceuti- 
cals company Beecham are realized, a quiet 
revolution in antibiotic treatment began 
yesterday (Wednesday 16 September) with 
the launch of Augmentin on the UK 
market. 

Although in no sense approaching dan- 
gerous levels, there is a steady increase in 
the proportion of pathogenic bacteria 
possessing resistance to the widely used 
beta-lactam (penicillin and cephalosporin) 
antibiotics. Already several drug com- 
panies have responded by introducing so- 
called ‘“‘third generation’? cephalosporin 
derivatives (such as cefotaxime (Claforan) 
from Roussel and moxalactam (Moxam) 
from Shionogi and Eli Lilly) which are less 
susceptible to inactivation by the beta- 
lactamase enzyme present in resistant 
bacteria. These new cephalosporins, which 
have a much wider spectrum of activity 
than the ‘‘older’’ beta-lactam drugs, are 
being touted as an alternative to 
combinations of ‘‘old’’ penicillins or 
cephalosporins with aminoglycosides or 
some other antibacterials such as 
chloramphenicol or metronidazole for 
treating or preventing surgical infections. 

Where the new cephalosporins fall 
down, however, is in the route of adminis- 
tration — they must be given by injection 
and not orally. In general practice, and for 
patients not hospitalized, oral 
administration is much preferred. Because 
Augmentin is claimed to have at least as 
broad a spectrum as the new cephalo- 
sporins, and can be taken orally, there is 
already great interest in the drug. 

Augmentin is a novel combination; it 
contains a well established semisynthetic 
penicillin (amoxicillin) together with 
clavulanic acid which has no antibacterial 
activity of its own, but blocks the activity 
of the beta-lactamase enzyme in bacteria 
resistant to conventional penicillin 
therapy. Now this combination has been 
cleared for sale in the United Kingdom, and 
the Committee on the Safety of Medicines 
has now permitted Beecham to recommend 
its use in most of the infections for which 
the company had requested clearance. 

The attraction of a broad-spectrum anti- 
biotic is that it stands a good chance of 
being effective when used as an initial treat- 
ment, before there has been time to go 
through the process of identifying the 
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infecting organisms. And this, of course, is 
usually the case in general practice. 
Augmentin is indicated for virtually any 
bacterial infection provided the bacteria 
are sensitive, and that means in about 95 
per cent of cases. Comparable figures for 
resistance to cotrimoxazole and ampicillin 
or amoxicillin are around 84 per cent and 
72 per cent respectively. 

Applications for Augmentin to be 
allowed onto other markets, including 
Europe and the United States, are in the 
pipeline. The next step after that is to make 
a grade of Augmentin suitable for use in 
children (the present one is not), and then 
perhaps injectable forms will be introduced 
to compete with the third generation 
cephalosporins for treating surgical 
infections. Charles Wenz 


California’s Medflies 


Who to blame? 


Washington 

Now that the State of California seems to 
have brought its recent outbreak of 
Mediterranean fruit fly under control 
through intense spraying with the pesticide 
malathion, a sharp dispute has broken out 
over what — and more importantly, who 
— was responsible for an outbreak that at 
one time seemed to threaten not only 
California’s multi-billion dollar fruit 
industry, but also the political career of 
Governor Edmund G. (Jerry) Brown. 

Last week, officials of the state’s 
Department of Food and Agriculture 
issued a report laying the blame squarely at 
the feet of the federal government. 
According to department head Richard E. 
Rominger, the outbreak would have been 
contained much earlier and without the 
need for aerial spraying had it not been for 
the accidental release of over 50,000 
supposedly sterile flies by the US Depart- 
ment of Agriculture (USDA), some of 
which were later shown to be fertile. 

However, USDA is refusing to be 
identified as a principal culprit. A re- 
presentative of the agency said in 
Washington last week that although some 
non-sterile flies were ‘‘probably’’ released 
by mistake, it was impossible to tell 
whether this was the main cause of the out- 
break since only two fertile flies were dis- 
covered among 1,300 dissected, the rest 
having been found to be sterile. 

USDA is also pointing to an apparent 
laxity in quality controls supposed to check 
on the sterility of the 8,000 million 
irradiated flies imported from Peru in an 
attempt to apply biological pest control 
methods, for which the state was jointly 
responsible. USDA protocols suggest that 
several dozen flies from each batch should 
be checked for sterility. But in the rush to 
control the outbreak ‘‘the program 
personnel from both the federal and state 
agencies decided that only one insect 
should be checked (from each bag) so the 
state is really equally to blame’. 
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California’s fight against the so-called 
Medfly, a battle which has been fought 
several times over the past few years, since 
the fly is endemic to Central America and is 
thought to be brought over the border in 
fruit and vegetables, found itself in the 
national headlines in July when traditional 
ground-based control methods, including 
selective spraying, biological pest control 
and stripping trees of fruit, appeared to be 
failing to stop the latest infestation. 

Initially Governor Brown refused to 
allow aerial spraying by malathion because 
of the general environmental damage he 
thought this would cause. However, he 
changed his mind when the federal govern- 
ment threatened to place all Californian 
produce in quarantine unless the spraying 
was carried out. After some technical 
hitches, this began on 20 July. 

So far, the massive spraying seems to 
have been successful in containing the 
infestation. Although Medfly larvae are 
still being found at the edges of the sprayed 
areas — as well as occasionally in other 
locations to which they are thought to have 
been transported by humans — none has 
been found in places where the spraying has 
been concentrated. 

But if the biological battle has been won, 
at least temporarily, the legal and political 
battle may be only just beginning. 
Governor Brown, who draws much of his 
support from the environmentalist 
community which opposed the aerial 
spraying, has been widely criticized by local 
farmers for not acting sooner. Brown 
hopes to run for the US Senate when his 
term as governor expires, a factor said to be 
playing a large part in his aides’ insistence 
that the federal government should be 
blamed for the Medfly outbreak, and 
should therefore help to cover the costs of 
controlling it. 

However, it may prove extremely 
difficult to determine who is to blame. In 
addition to the problems with the initial 
quality control, there is evidence that 
laboratory technicians who have examined 
over 100,000 flies have had difficulty in dis- 
tinguishing the irradiated ones — marked 
with a yellow dye — from local flies onto 
which some of the dye has brushed off. 

David Dickson 
The Medfly is not an aphid, as described 
in a recent leading article (see Nature 27 
August, p.786), but ceratitis capitata, a 
dipteran — Editor, Nature. 


Research in Romania 
Time for rethink 


Scientific research and development 
work in Romania is being hampered by 
professional *‘discoverers’’ — people who 
put forward artificial suggestions and 
‘‘pad’’ each other’s research — according 
to a recent round-table discussion 
organized by Era Socialista, the theoretical 
journal of the Romanian Communist 
Party. At the same time, technologists and 
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engineers genuinely contributing to 
industrial research are overburdened with 
routine paperwork, and some industrial 
managers try to keep scientists out of their 
plants on the grounds that they interfere 
with production. Pay for research staff is 
too low, and the bonuses payable to those 
who have put forward a practical new idea 
often arrive three or four years late. 
Moreover, no bonuses are paid out on a 
negative result — and due recognition for 
negative results is of particular significance 
in Romania which now has a policy of 
‘‘reattestation’’, the conferring of 
academic degrees not for life but on a 
renewable basis, depending on recent pro- 
fessional performance. 

The round table was part of the new 
Romanian drive for research and develop- 
ment. During the past 10 years, the 
research workforce has expanded from 
37,000 to 200,000. Since 1976, all research 
has had to be directly linked with specific 
needs of the national economy, virtually 
eliminating the concept of fundamental 
and academic research. Yet press reviews 
of the 1976-80 five-year plan indicate that 
the 12,106 new patents granted during that 
period earned the national economy some 
8,700 million lei, barely enough to offset 
the state’s research and development 
expenditure during that period. 

During the current five years, research 
expenditure is scheduled to increase 
Sharply. For example, the Minister of 
Mines, Oil and Geology, Virgil Trofim, 
told the Era Socialista round table that he 
had been allotted an extra 13,000 million lei 
for geological research alone — a figure 
approximately double the total allocation 
for all scientific research under the 
previous plan. Last week a decree of the 
State Council ‘‘released’* Mr Trofim to 
take up ‘“‘other assignments’’, and divided 
his former Ministry into three, in terms 
which suggested that the research funding 
will be increased even further. 

At the end of last year, summing up the 
research and development shortfall under 
the 1976-80 plan, President Nicolae 
Ceausescu criticized in particular the 
failure to achieve set targets for ‘‘technical 
progress” and failures, or long delays, in 
introducing many of the results obtained 
into industry. (Such criticisms, inci- 
dentally, must cause the president some 
conflict between his public and domestic 
personae. In 1979, when the National 
Council of Science and Technology was re- 
organized to strengthen central party and 
government control, his wife, Dr Elena 
Ceausescu, was made its head, while in 
April 1980, two of their children, Valentin 
and Zoe, became council members.) 

In June this year, Dr lon Ursu, First 
Vice-Chairman of the National Council of 
Science and Technology announced a crash 
research and development programme to 
achieve over 3,000 main “targets” of 
national i importance, 2,600 of which are to be 
introduced in industry before the end of the 
present five year plan. Vera Rich 
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Pearls before swine 


Bangalore 

India and China are showing renewed! 
interest in biogas production as thei 
answer to the energy crisis ‘‘down on the! 
farm”’ 

The concept is simple — animal and| 
vegetable waste are converted into 
methane gas and thence to workable! 
energy. The practical problems of con- 
structing and maintaining suitable) 
digesters and the costs of steel andi 
concrete fittings have, however, proved) 
beyond the capabilities of many third- 
world farmers. In the Chinese province of} 
Sichuan, for example, more than half of 
the 7 million digesters have fallen into. 
disuse. 

The situation may be eased with the 
development by the Union Industria] 
Research laboratory near the Taiwan 
capital Taipei of analmost indestructible, 
non-corrosive biogas digester working on; 
pig excreta. The plant is made up of al 
tough pliant plastic sheet derived from 
blending red mud with polyvinyl 
chloride. It is resistant to all types of acids 
and alkalis, can withstand deflation and 
inflation 6,000 times per year and is half 
the cost of conventional digesters used in 
China. In Taiwan a unit big enough to 
process the manure of 30 pigs casts 
around $225. An adult pig weighing 90 kg 
excretes about 8 litres of body waste per 
day; this converts to a third of a cubic 
metre of gas with a quarter of the heating 
value of petroleum-derived bottled gas. | 

Cow dung is the major ingredient for 
biogas plants in India. Here the most 
widely used plant, based on a design 
evolved by the Khadi and Village 
Commission, consists of an underground 
cement pit covered by a metal gas holder 
which had to come from an urban 
workshop. However, a drumless pat 
has been designed by a governmental 
research agency in Uttar Pradesh, which 
has many similarities with the Chinese 
biogas plants. It is also half the cost of the! 
conventional plant and can be easily 
handled and maintained. 

It has been estimated that India’s cow! 
dung potential could run 18.75 million! 
family-size and 5.6 million community- | 
size biogas plants with a daily nerd 
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of 1.7 million and 142 million cubic 
metres of gas respectively. The target) 
of 1 million family-size biogas plants, 
under India’s sixth five-year plan, for which 
$55 million has been set aside, can only 
utilize 5 per cent of the potential capacity. | 

Various new feedstocks are being) 
tested in experimental plants: the Pun jab 
Agricultural University is using o 





material such as tree leaves, crop 
residues, fruit peel, chopped paddy and 
wheat straw; and the Indian Agricultural 
Research Institute in New Delhi is experi- 
menting with both animal and plant 
wastes. Radhakrishna Rao; 
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Not so civil 
Sik — Your comments (Nature 292, 396; 1981, 
and 287, 264; 1980) on the recent Review of 
the Scientific Civil Service (1980) do not 
mention a major impediment discouraging 
scientists in the civil service from moving to 
administrative work. This is the opportunity 
post system. Open opportunity posts may be 
filled by suitable staff from any group or class 
in the service, and an increase in the number 
of such posts is recommended in the Review. 
However, on appointment to an opportunity 
post the successful candidate is paid the salary 
appropriate to his class of origin. In other 
words there are several rates for the same Job. 
This is obviously unjust. Ht discriminates 
against scientists because in the civil service 
members of the administrative class are paid 
much more than their equivalents in scientific 
grades. For example the first secretary (science 
and technology) in the Paris embassy (an 
opportunity post at principal ‘‘level’’) may be 
paid over £1,400 p.a. extra if he happens to be 
from the administrative rather than the 
scientific class. ` 
if different salaries were paid for a 

particular post according to the sex or colour 
of the incumbent it would be illegal. An 
equally artificial form of discrimination 
against scientists moving to administrative 
work in the civil service is likely to ensure that 
such moves continue to be few. 

C.E. DYTE 
Datchet, Slough, UK 


Risk of radon 


Sir — R.D. Evans et al. (Nature 12 March, 
p.98) considered the individual lung cancer 
risk to the general population from indoor 
exposure to radon-222 and concluded that a 
current upper estimate is 10* per lifetime per 
working level month. The authorship was 
remarkable in consisting, of six widely 
recognized senior experts from four countries, 
and the estimate made was equally noteworthy 
— an agreement on a risk that was reasoned 
from cited data that vary over a factor of 
nearly 50. 

It is encouraging that experts can agree, but 
it is also potentially intimidating. For this 
reason it is vital to recognize the extent of the 
continuing uncertainty, and regard the recent 
estimate only as a starting point rather than a 
known value. Any number that is selected 
from within a possible range of 50 times can 
scarcely be regarded as an upper limit. 

Although Evans ef al. described many of the 
uncertainties in their estimate, a further 
potentially major consideration was not 
included. The general background effect of 
radon was assessed by identifying lung cancer 
rates before cigarette smoking became 
popular. Those rates are, however, not 
relevant if smoking increases the risk more 
than additively in a population where most 
people are exposed to tobacco smoke. Such 
would be the case if tobacco smoke is a 
promoter — an agent which accelerates the 
development of lung cancer but does not of 
itself nucleate cancer. Data from studies on 
rats! in fact show such an effect — increased 
lung cancer from exposure to both smoke and 
radon but no lung cancer from smoke alone. 
And human data from uranium miners have 
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shown a similar enhancement from both 
smoking and radon. No hunian daia are 
available where radon is totally absent. Our 
two references are by no means conclusive, but 
they make it evident that there is a significant 
possibility that the appropriate background 
level of radon-related lung cancer is 
considerably higher than the value assumed by 
Evans ef ai. 
ROBERT L. FLEISCHER 
General Electric Research & 
Development Center, New York, USA 
1. Chameaud, J., Perraud, R., Chretien, Jo, Massen, R. & 
Lafuma, J. Symp. Late Biological Effects of lonizing 
Radiation, 429-436 (LAEA, Vienna, 1978). 
2. Lundin, F.E. dr, Lloyd, J.W., Semith, E-M.. Archer, KE. 
& Holaday, D.A. HIth Phys. 6, 571-378 (1969). 


Sir — There is some uncertainty, of course, in 
our estimate of risk, but there is more 
uncertainty in the proposition that it may be 
considerably higher. 

Authors have put forward various estimates 
of the risk coefficient for lung cancer in 
uranium miners, but a value in the range 
1-5 x 104 per working level month commands 
widest support. It derives from miners who 
smoked. We argued that a rounded value of 
10-4 per working level month would be an 
appropriate upper bound for exposure to 
radon decay products in the home. 

Such a value is seen to account for virtually 
all the lung cancers in a general population 
with relatively little smoking. Although one 
cannot separate the numerical influence of 
radiation and cigarettes, we are encouraged by 
the epidemiological circumstances and 
dosimetric considerations to believe that we 
are not seriously underestimating the risk. 

M.C. O'RIORDAN 
National Radiological Protection Board, 
Oxon, UK 
Dr O'Riorpas, a colleague of the late Dr 
A.S. Maclean, has replied on behalf of Evans 
et al. 


Antibiotic practice 


Sir — The arguments in your leading article 
“Saving antibiotics from themselves” (Nature 
20 August, p.661) are very persuasive. 
However, in general practice at least the fears 
of widespread antibiotic resistance have not 
been realized. In more than thirty years of 
clinical experience in general practice of both 
myself and my colleagues, no loss of antibiotic 
efficacy has been observed. This is not to say 
that antibiotic resistance is not a problem in 
the hospital environment. 

Antibiotic resistance may be advantageous 
to the organism in the host but when present 
in the general environment it might be selected 
against by measures not yet understood. 

Most physicians would agree that a tenfold 
reduction in the prescribing of antibiotics 
would probably have negligible effect on the 
health of patients in advanced countries. 
However, such a reduction would encounter 
considerable resistance from the patients 
themselves and impose delays in the 
commencement of treatment when it is 
genuinely required, and additional burdens on 
bacteriological departments. 

Before such measures are undertaken it 
would be wise to ensure that the theoretical 

dangers of antibiotic resistance are in fact 
realized in practice and that organisms 
possessing antibiotic resistance are not al some 
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kind of disadvantage when circulating in the 
general environment which keeps their 
numbers down to a level at which their 
dangers remain insignificant. 

BrResniG JAMES 
Marlow, Bucks, UK 


Fully blind review 


Sin — To make the present review system a 
valuable screening procedure it Is necessary 
that the authors be anonymous just as the 
referees are. | agree with Dr Gaylarde (Nature 
30 July, p.402) that the pages containing the 
author’s name, address and also the 
acknowledgements should be retained in the 
editorial office when a manuscript is 
forwarded to referees. However, | am afraid 
that a referee can still know the names and 
addresses of the authors if the authors choose 
to quote their own work in the first person, 
for example, as follows: ‘‘We have previously 
shown (Jones ef al. 1980) that..." To 
ensure double-blind evaluation of a given piece 
of work, I suggest that the authors quote even 
their own work in the third person, that is, as 
follows: ‘‘Jones et al. have previously shown 
(1980) that... ’* After double-blind 
evaluation of a manuscript, the authors and 
the referees, if desired, can be made known to 
each other. 
B, SESHI 

Department of Immunology and 

Microbiology, 
Wayne State University School of Medicine, 
Detroit, Michigan, USA 


Tamuz bombing 


Sir — Your editorial on Israeli bombing was 
sanctimonious and unrealistic (Nature 18 
June, p.523). Don’t you realize that Israel and 
irag are at war? That Iraq refused to signa 
peace agreement? 

The only reason Iraq is not bombing israel 
now, or ever since the 1967 war, is because 
iraq cannot do it — its planes will be 
destroyed by Israel. So instead, Iraq sends 
armaments and soldiers to the Palestinians in 
Lebanon to fight the Israelis. The Iraqis 
themselves picked an easier target in fran, or 
so it seemed at the beginning of their war. 

You can't understand what it means to be at 
war with a country? How the Israelis have to 
fight enemies in Lebanon, Libya, Iraq, Syria, 
Jordan? You don’t understand what this 
means? 

The headlines in tonight's newspaper, 24 
June 1981, read ‘‘Iraq’s Hussein demands 
Arabs be given A-bomb”’. Iraq was building 
an A-bomb for all the Arabs, not only 
itself. “Hf you are looking for evidence, 
this is ito’ “The only thing the Iraqis want is 
an atomic bomb to use against Israel.” 

Also in Chem. Eng. News of 15 June, “The 
Iraqi reactor could have produced enough 
plutonium each year for about one bomb”. 

The “Non-Proliferation Treaty” is a farce. 
Countries at war do not observe such niceties. 
As I stated: your editorial is sanctimonious — 
making a pretence of righteousness and 
reality. Your readers should expect better from 
a science periodical. 

A.B. CARPENTER 
Stoller Research Co., 
Santa Cruz, California, USA 
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resurgence in Central America and India 


Georganne Chapin* & Robert Wasserstrom+ 


AMONG the inhabitants of Asia, Latin 
America and tropical Africa malaria 
remains a major cause for alarm. Yet only a 
few years ago, health officials in a dozen 
developing countries (capitalizing on the 
discoveries of British parasitologist Ronald 
Ross half a century earlier) pointed 
triumphantly at their efforts to eradicate 
entirely this mosquito-borne scourge!-). 
Following World Health Organization 
(WHO) guidelines, for example, Indian 
authorities instituted a programme of 
medical treatment and pesticide appli- 
cation in 1952 which within a single decade 
reduced the number of cases from over 100 
million to 50,000 (ref. 6). Ten years later, 
using the same methods, health workers in 
Sri Lanka cut the annual incidence of 
malaria from three million cases to fewer 
than 25. 

By 1970, however, it had become clear 


which mosquitoes of the Anopheles 
subfamily transmit Plasmodium parasites 
to human beings. After reproducing in 
astronomical numbers, these parasites 
transform their human hosts into a 
reservoir of illness which may be spread to 
uninfected individuals. 

In 1907, Dr William Gorgas, an 
American Army surgeon in the Panama 
Canal Zone, set out to break this cycle by 
draining swamps, emptying, covering or 
oiling pools of standing water and 
screening human habitations. Although he 
was unable to eradicate the disease com- 
pletely, within two years the death rate 
from malaria among canal company 
employees had fallen to 8.86 per thousand 
~~ a decrease of 80 per cent. More or less 
simultaneously an Italian physician, Dr 
Angelo Celli, noticed that in southern 
Europe the disease tended to attack people 


A few years ago the battle against malaria seemed to have been won. However 
now, despite vigorous anti-malaria campaigns, the disease has made a 
comeback. The resurgence of malaria in Central America and India seems to 
have been paralleled by intensified agriculture in these countries and the 


associated increased use of pesticides. 


that malaria eradication had run into 
severe difficulties. Instead of dwindling to 
insignificance, the number of infected indi- 
viduals rose again to distressing pro- 
portions. In India, which had served as a 
showplace for WHO policies, five million 
people were soon infected; in Sri Lanka, 
two million people became sick again 
almost overnight; and in Central America 
infection rates grew to previously unknown 
levels’. Moreover, unlike earlier out- 
breaks, this new plague was often carried 
by mosquitoes which had become resistant 
to pesticides like DDT and dieldrin and 
could not be controlled by conventional 
means*-'>. The origins of this major 
ecological disaster must be sought as much 
in the unwitting actions of international 
Organizations as in hapless nature. 


A seeming success 

It is worth noting that early programmes 
to contain parasitic diseases — primarily 
malania and yellow fever — achieved 
remarkable success without recourse to 
sophisticated technologies'*. Efforts to 
overcome malaria before the Second 
World War concentrated on the ways in 
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who were either poor or landless, par- 
ticularly those who worked as seasonal 
labourers on certain large farms. He 
reasoned that transmission depended to a 
considerable degree on the flow of fresh 
human blood into malarious zones just as 
the Anopheles population began its annual 
explosion. Not only sanitary measures and 
medical treatment, then, but land reform 
and other social programmes might play a 
substantial part in conquering the disease. 

By the end of the Second World War, 
however, it seemed that a technology had 
finally been devised that could eliminate 
malaria in much of the non-Western world: 
chemical pesticides. Insecticides like DDT 
and dieldrin were not only cheap and easy 
to use, but they also remained active for 
several months after each application”. For 
this reason, they appeared to be ideally 
suited for the task of killing Anopheles 
mosquitoes, which characteristically rested 


for a short time on the inside walls of 
human houses after biting their victims. By 
spraying walls with DDT, WHO officials 
reasoned they could reduce the vector 
population to manageable levels. Simul- 
taneously, they proposed to treat everyone 
affected by the disease with chloroquine or 
Other anti-Plasmodium drugs so as to 
destroy the reservoir of disease. If these 
conditions could be maintained for three or 
four years, they calculated, malaria trans- 
mission might be broken forever. More- 
over, projects of this sort could be carried 
out without altering political arrangements 
or patterns of land tenure. 


Complications 

Despite the simplicity of the plan, WHO 
officials were aware that a worldwide 
campaign to eradicate malaria would face 
nearly insurmountable obstacles. In marty 
regions, control programmes were 
virtually non-existent, and even those that 
did exist suffered from a lack of funds, 
technical expertise and administrative 
efficiency. But there was another obstacle 
which experts at WHO were more reluctant 
to engage: as early as 1953, they obtained 
conclusive evidence that Anopheles 
mosquitoes, like many insect pests, sooner 
or later became resistant to DDT and other 
pesticides. Within a few years, in fact, such 
resistance had been reported in Greece and 
Italy (where insecticides were used both in 
public health and in agriculture) as well as 
in the Lebanon, Iran, Saudi Arabia and 
Nigeria. In some cases a single application 
was sufficient to reduce mortality (that is, in- 
crease resistance) among mosquitoes by 80 
per cent", Accordingly, WHO malariologists 
urged their local counterparts to conduct 
“time-limited” spraying operations — to 
complete the “attack” phase as quickly as 
possible. 

Thus, anti-malaria teams were directed 
to treat the interior walls of all human 
habitations and shelters within the target 
zone on a regular schedule — a gargantuan 
task under the best of circumstances. 
Meanwhile, by organizing an elaborate 
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Table I 


Prevalence of malaria in Central America, 19651977 


No. af cases (thousands} 


Country 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 
Costa Rica 0.6 03 03 62 02 Oe 
El Salvador 34.2 68.6 83.0 35.8 25.3 45.4 46.8 38.3 35.1 67.0 83.1 83.3 P2 
Guatemala 14.3 22.0 21.2 11.0 10.6 10.9 8&3 93 16 1.0 9.6 

Honduras 6.9 17.1 16.1 15.7 29.6 34.5 48.4 186 88 7.5 303 48.8 394 
Nicaragua 8.3 18.6 7.1 16.0 28.5 23.3 96 4.2 12.2 24.7 26.2 11.6 








Source: WHO, World Heaith Statistics Annual, Geneva, 1966-79. 
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system of regional laboratories and clinics, 
public health officials were supposed to 
administer chemotherapy and monitor the 
campaign’s progress. In areas where these 
tactics proved to be successful, where the 
number of active cases diminished to zero, 
attack gave way to consolidation. And if no 
new illness occurred during the following 
three years, consolidation was in turn 
replaced by maintenance, the constant vigil 
against a recurrence of infection. This 
strategy was adopted in 1954 by the Pan 
American Health Organization (PAHO) 
and subsequently by the entire inter- 
national community. 

Initially, at least, it seemed that WHO's 
campaign enjoyed almost unmitigated 
success. In India, after ten years of struggle 
against malaria (1961), only 50,000 cases of 
the disease were uncovered by government 
inspectors and a number of regions had 
passed from attack to consolidation or 
maintenance. Similar triumphs were 
registered in Pakistan, Sri Lanka, 
Paraguay, Venezuela, Mexico and Central 
America. In ten other countries, 
Plasmodium infection was completely 
overcome. 


Malaria re-emerges 


Within a short time, however, the cam- 
paign began to falter. Between 1961 
and 1966, disease rates in India increased 
threefold; by 1970, half a million people 
caught malaria each year — many in areas 
where health authorities had recently 
scored impressive victories. Much the same 
course of events took place in Sri Lanka, 
which in 1968 experienced an epidemic that 
left 1.5 million people stricken. On the 
other side of the world, in El Salvador, 
Nicaragua and Honduras (where anti- 
malaria measures began in the late 1960s), 
the incidence of disease in 1975 was three 
times greater than a decade earlier, before 
the programme had started (Table 1). Asa 
result, eradication projects which had 
reached consolidation frequently reverted 
to the attack phase — or even entered the 
newly defined stage of ‘‘permanent 
attack’’. Even so, it soon became clear that 
there was a major resurgence of malaria in 
India and Central America that existing 
administrative and technological methods 
could do little to prevent!9-*4. The question 
which malariologists in these areas then 
asked themselves was quite simply, ‘‘What 
has gone wrong?’’. 

In fact, as early as 1962 a number of 
specialists had expressed their reservations 
about the WHO campaign and its chances 
of success. Among other things, they 
pointed out that as infection rates dropped 
during the attack phase, hard-pressed 
governments often diverted critical 
resources from anti-malaria activities to 
other essential projects? 26. As a result, 
many infected people were not detected by 
surveillance systems, which themselves 
broke down under poor management and 
supervision. Even more ominously, 
h resistance to DDT and dieldrin 


AOOO OSOON NNC LA NAD TOOLS NO A NOC DOA OL 


Table2 Land tenure in India, 1970 
ne eesti ttt ARC tts 
Size of holding No. of holdings “o Of rural Area %9 Of total area 
(hectares) (thousands) properties (millions of 
hectares) 

<0.5 23,178 32.9 5.4 3.4 
0.5- 1.0 12,504 17.7 9.1 5.6 
1.0- 1.9 13,432 19.1 19.3 L9 
2.0- 2.9 6,722 9.5 16.4 10.0 
3.0- 3.9 3,959 5.6 13.6 8.4 
4.0- 4.9 2,684 3.8 11.9 7.4 
5.0- 9.9 5,248 7.4 36.3 22.4 
10.0-19.9 2,135 3.0 28.5 27.6 
20.0-29.9 401 0.6 9.3 5.8 
30.0-~39.9 120 0.2 4.2 2.6 
40.0~-49.9 45 0.1 2.1 1.3 
>50 65 0.1 6.0 3.1 
Total 70,493 100.0 162.1 100.0 


Source: Ministry of Planning, Government of India, Statistical Abstract, India, 1977, New Delhi, 1978. 


had reached alarming proportions among 
Anopheles mosquitoes — just as WHO 
officials had originally feared?’-”*. 

The case of El Salvador is illuminating. 
In 1958 a group of entomologists reported 
that the local vector, Anopheles 
albimanus, had lost its susceptibility to all 
major organochlorine compounds and was 
proliferating rapidly along the Pacific 
coast2?°, Four years later, researchers in 
southern Mexico encountered the same 
problem, which forced them to admit that 
the disease had not been eradicated in 
several areas?'. In India, widespread 
tolerance to organochlorines was dis- 
covered among two important vectors, 
Anopheles culifacies and Anopheles 
fluviatilis, particularly in regions which 
had recently shifted to high-yielding forms 
of agricultural production”. 

In such places, effective control might be 
regained only by using insecticides which 
cost four, five or even ten times as much as 
common toxins — a burden which few 
governments were willing to bear. Yet 
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even measures of this kind might serve at 
best only as temporary expedients: vectors 
which became resistant to one compound 
frequently enjoyed mysterious immunity 
to other unrelated poisons, and in any case 
it was only a matter of time before natural 
selection favoured those insects which 
could withstand a broad spectrum of 
chemical agents*43*. Faced with these 
problems, in 1973 WHO officials 
reluctantly transformed the Malaria 
Eradication Division into the Division of 
Malaria and other Parasitic Disease?” 


Agricultural expansion 


Against this background, it is ironic 
that commercial agriculture often 
expanded in precisely those regions 
recently cleared of malaria. As the danger 
of illness subsided, many landowners, 
stimulated by the high prices of such 
commodities as cotton, rice and tobacco, 
reduced their production of other crops 
and bought up more land’. The result of 
this development was both to augment the 
number of poor and landless rural workers 
and to concentrate agricultural resources in 
progressively fewer hands. In 1960, for 
example, the wealthiest five per cent of 
India’s non-urban population owned 
nearly one-third of its croplands; ten years 
later, making use of lavish credit facilities 
and development funds, they had actually 
increased their holdings by ten per cent 
(Table 2)". 

Naturally, such proprietors also claimed 
a disproportionate share of the country’s 
agricultural income: between 1960 and 
1970, in fact, the richest 20 per cent of these 
people (like their counterparts in Pakistan 
and Bangladesh) collected nearly half of 
such earnings*?. Similarly, in Central 
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America, where cotton became king in the 
1960s, both land and credit remained 
almost completely inaccessible to most 
small growers. In El Salvador, one per cent 
of the rural population owned half of the 
country’s land (including all properties 
over 50 hectares) and received 30 per cent 
of its income*?.44, As in India, such 
prosperity was achieved only at the expense 
of considerable inequity: one-third of the 
area’s peasants possessed less than one 
hectare and one-quarter of them owned no 
land at all. Clearly, the expansion of 
commercial agriculture in these regions 
exacerbated such difficulties and created 
an entirely new kind of agroecosystem. 


Increased pesticide use 

In these circumstances, it is not sur- 
prising that the death rate from infectious 
and parasitic diseases in Central America 
has remained extremely high and that the 
incidence of malaria has generally in- 
creased — despite an impressive 
diminution in the late 1960s and early 
1970s. The relationship between fibre 
production and. the recrudescence of 
malaria has been clearly established in a 
study by the United Nations Environmen- 
tal Programme and the lustituto Centro- 
americano de Investigación y Tecnologia 
Industrial (ICAITI)*. To combat cotton 
pests and to raise yields, planters in 
Guatemala, Nicaragua and El Salvador 
have not only expanded their acreage, but 
since 1970 they have also applied heavier 
concentrations of pesticides. Whereas a 
decade ago, fields were sprayed only eight 
or nine times each season, they must now 
be fumigated on as many as 50 occasions. 
Consequently, the amount of pesticide 
which enters the local ecosystem has 
expanded at an increasing rate. 

In 1971, for example, farmers in E] 
Salvador sprayed 58.4 kilos on each hectare 
of cotton; three years later, applications 
had reached 70.0 kg per hectare. As a result, 
DDT consumption in El Salvador 
increased threefold between 1970 and 1977 
— from 555,200 kg to 1.6 million kg. 
Similar circumstances prevailed in 
Nicaragua, where DDT imports rose from 
29,000 kg in 1974 to 521,600 kg in 1976. 

Naturally, the importation of pesticides 
on this scale could be accomplished only as 
long as cotton revenues offset the rising cost 
of toxins. Fearful that unstable prices and 
soaring expenses might soon cut their 
earnings and anxious to maximize the 
returns on their investments, many growers 
have attempted to achieve total control of 
insect parasites — an obsession which has 


only enhanced their reliance on expensive 


chemicals. Correlating the use of DDT in 
El Salvador with renewed malaria trans- 
mission, it can be estimated that at current 
rates each kilo of insecticide added to the 
environment will generate 105 new cases of 
malaria*’9, 

Ironically, Anopheles resistance in India 
has developed even in areas where cotton is 








grown on relatively small plots of land or 
where food grains — primarily rice — still 
predominate. In Tamil Nadu, for example, 
most farmers (77.5 per cent) own less than 
one hectare; few possess more than two°°. 
Even so, these men (and their counterparts 
in Maharashtra and Gujarat) produce 
nearly one-third of the country’s cotton 
and an impressive share of its rices!52, By 
1968, too, the incidence of malaria in this 
region had decreased to insignificance — 
indeed, in Tamil Nadu, the disease was 
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Fig.2 Relationship between DDT use and 
malaria incidence in India, 1969-77 


largely confined to urban areas such as 
Madras**“°, Within a few years, however, 
public health officials throughout southern 
India reported that mosquitoes of both the 
Anopheles and Aedes subfamilies (the 
latter transmit yellow fever) had become 
resistant to a wide variety of chemicals 
including DDT, BHC, malathion (an 
Organophosphate) and propoxur (a 
carbamate)" ¢! , 


Resistance to pesticides 


Indisputable evidence is not yet available 
but it appears that resistance began to 
occur with the introduction of green 
revolution technology — particularly of 
high-yielding varieties (HYV) of rice 
(Fig.1). According to entomologists at the 
Vector Control Research Centre in Pondi- 
cherry, ‘‘the major changes that have been 
taking place in the area are in the 
tremendous increase of acreage under 
cultivation, the near total replacement of 
organic manure by chemical fertilizers and 
the extensive use of insecticides for paddy 
and other crops’’®. It should be noted that 
the new strains of rice have been adopted 
primarily by wealthy landowners and have 
proved to be especially susceptible to insect 
infestation®?, 

Recent studies in Tamil Nadu indicate 
that families which own two hectares or 
more (7.2 per cent of the total number) 


183 





alone possess the means to purchase HY V 
seeds, fertilizers and pesticides“, As Figs 
2 and 3 suggest, such farmers have 
responded to increased infestation by 
applying heavy doses of DDT, BHC and 
dieldrin — a procedure which is closely 
related to the recent explosion of malaria in 
the region. Significantly, as these growers 
have switched from DDT to more sophisti- 
cated chemicals, traditional vectors have 
been replaced by rarer species which in tum 
show a diminished sensitivity to such = 
poisons”. Little wonder, therefore, thatas 
early as 1972 the Indian Journal of Public 
Health warned that ‘the most serious 
threat to public health . is the 
uncontrolled use of pesticides for 
agronomic practice”, 


Deadly link 


There seems to be a three-stage relation- 
ship between the evolution of cotton agro- 
ecosystems and the spread of malaria. 
During the first stage, eradication pro- 
grammes are more or less effective and 
often permit farmers to exploit previously 
infected areas. An example is to be found in 
eastern Paraguay, where landless peasants 
from so-called overpopulated regions have 
been encouraged to clear and colonize 
“uninhabited” jungle in which malaria is 
endemic”. The Paraguayan government 
has made great efforts to eliminate the 
Plasmodium parasite — as a stimulus to 
both immigration and productivity. 
Among its primary objectives, the 
production of cotton and tobacco {also a 
heavy user of pesticides) for export 
occupies a pre-eminent position. By 1978, 
these two crops provided over 27 per cent 
of the country’s foreign exchange. Having 
prepared vast expanses of virgin forest. for 
commercial exploitation, however, 
peasants in many areas have begun to 
abandon their farms and to look for wage 
labour elsewhere. As their lands are 
consolidated into larger holdings, such 
areas will inevitably be treated with 
intensive applications of DDT or dieldrin. 
These lands will therefore probably come 
to resemble many parts of Central America 
(stage two), in which the high price of 
cotton appears to justify augmented doses 
of pesticides. Malaria transmission will be 
stimulated most markedly among migrant 
workers and impoverished peasants. 
Perhaps in anticipation, PAHO has 
already commissioned a study in Paraguay, 
The Impact of Malaria on Economic 
Development’*, according to which 
seasonal increases in Plasmodium 
infection do not interfere with cotton or 
tobacco cultivation — although they may 
wreak havoc on food production. Finally, 
in places like India, Pakistan and 
Bangladesh (stage three), more and more 
DDT must be sprayed simply to maintain a 
fixed yield (Fig. 4). In this case, pesticide 
addiction and a full-fledged epidemic of 
malaria have entered their most destructive 


phase. 
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So must countries such as India and El 
Salvador cease to grow cotton and high- 
yielding food grains? Can foreign currency 
be obtained only at the expense of wide- 
spread malnutrition and disease? It is 
instructive to examine how such crops are 
produced in the United States. American 
farmers who started raising cotton with 
only small quantities of insecticides found 
that insect pests reappeared in their fields 
almost as soon as the fumigators 
departed’+78. Most often, they responded 
by applying stronger poisons with greater 
frequency until they were spraying every 
two or three days for five months”. The 
side effects had by then become apparent: 
cattle fodder had to be destroyed because it 
contained pesticide residues too high to be 
fed to animals while crops that had never 
suffered severe infestations were suddenly 
devastated by previously innocuous 
insects? 


Integrated pest management 
In response, entomologists developed 
what they call integrated pest management 
systems®5-86, the key to which lies in timing 
insecticide applications so that the crop is 
protected from predators only at the most 
vulnerable stages of its growth cycle. As it 
turns out, cotton buds destroyed by pests 
regrow throughout the plant’s life, so that 
producers can afford to sustain a high level 
of insect damage before there is a need to 
apply pesticides. Simple precautionary 
measures may also lower their chemical 
costs: up to 75 per cent of the hibernating 
boll weevil population may be eliminated 
by the ploughing under of crop debris after 
harvest. Thus many growers west of the 
Mississippi now spray their fields only 
seven or eight times each season instead of 
25 or 30; similar measures have been 
developed for raising corn, rice and many 
kinds of fruit®’. 

So why did WHO not urge cotton pro- 
ducing countries to employ integrated 
management systems that would not 
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interfere with malaria eradication 
programmes? A possible answer may 
perhaps be found in the activities of 
another international agency, the Food 
and Agricultural Organization (FAO). 
Like WHO, FAO was established to pro- 
vide technical advice and assistance to 
members of the United Nations. In the case 
of pesticides, which are manufactured and 
distributed by a few multinational 
corporations, FAO’s advice might have played 
a critical role in reducing environmental 
contamination. Both farmers and exten- 
sion agents in developing nations must 
normally rely on pesticide company 
salesmen for information about how to use 
agricultural chemicals — much as 
physicians in Western countries rely upon 
pharmaceutical companies for infor- 
mation about new drugs. Beginning in 
1967, therefore, FAO put together a small 
working group of experts on integrated 
pest management which published tech- 
nical manuals and disseminated other 
information”. 

Three years later, it commissioned an 
American entomologist, Dr Louis Falcon, 
to develop an integrated system in 
Nicaragua, a system which achieved 
remarkable success within a few seasons. 
Similar programmes were subsequently 
undertaken in Mexico, Peru and 
Pakistan’. Then, in 1975, FAO delegates 
met in Rome to consider the question of 
pesticides in agriculture and public health. 
Although they recognized that integrated 
pest management offered a potential 
solution to many health problems, they 
recommended that FAO place its emphasis 
on teaching growers in developing nations 
how to make more ‘‘safe and efficient” use 
of pesticides”. 


Whys and wherefores 


Why did FAO choose this course of 
action, which in retrospect does not appear 
to have been guided by an accurate appreci- 
ation of the perils of pesticide addiction? It 
is important to examine how pesticide 
manufacturers have influenced the policies 
of international agencies. As public 
concern about the effects of toxins like 
DDT began to grow in the 1960s, these cor- 
porations formed a trade association called 
GIFAP (Groupement International des 
Associations Nationales de Pesticides) 
which in turn worked directly with UN 
technicians through a FAO bureau known 
as the Industry Cooperative Programme 
(ICP). By the early 1970s joint FAO-ICP 
regional seminars had been organized in 
many parts of the world to promote new 


and better ways of distributing agricultural, 


pesticides. More important, high-level 
officials in WHO and FAO, who share the 
industry’s views on many major issues, 
invited GIFAP to play an active part in 
agency ‘‘consultations”’ and other internal 
meetings”®°9. In this way, for example, no 
fewer than 25 corporate representatives 
lent their expertise to the meeting in Rome 
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on pesticides in agriculture and public 
health and served on subcommittees 
responsible for formulating UN policy. 
Not surprisingly, these subcommittees 
stressed the need to apply more pesticides 
in a more effective manner rather than to 
limit their use or replace them with 
alternative forms of pest control. And 
what is more curious, none of these deliber- 
ations included representatives of other 
international constituencies such as 
environmental groups, labour unions or 
farmers’ organizations. Perhaps for these 
reasons, in June 1978, the current director 
general of FAO, Eduard Saoumi, finally 
expelled ICP from his agency!™. 


The problem 


In 1976, WHO published a technical 
report entitled Resistance of Vectors and 
Reservoirs of Disease to Pesticides!" . In 
this report, WHO’s Expert Committee on 
Insecticides declared that ‘‘resistance is 
probably the biggest single obstacle in the 
struggle against vector-borne diseases and 
is mainly responsible for preventing suc- 
cessful malaria eradication in many 
countries . Evidence has also 
accumulated to show conclusively that 
resistance in many vectors has been caused 
as a side-effect of agricultural pesticide 
usage’. Accepting this unhappy fate, the 
report concluded that ‘‘vector control was 
likely to depend on substantial, continued 
use of pesticides for at least a decade’. In 
these circumstances, it foresaw no alter- 
native but to ‘‘encourage commercial firms 
to continue the search for pest control, 
especially compounds with a novel mode of 
action’’. And yet, as many specialists have 
pointed out, such compounds are unlikely 
to resolve this dilemma or to undo the 
damage which in-bred tolerance has 
already caused: detoxification appears to 
rely on physiological processes which are 
both irreversible and difficult to disrupt. In 
effect, thoughout southern India, the re- 
crudescence of malaria now represents a 
social cost of growing high-yielding rice — 
just as elsewhere in India and Cental 
America it represents a social cost of 
producing cotton. 
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Recognizing such difficulties, in the 
same year WHO — joined by the World 
Bank and the United Nations Development 
Programme — established its Special 
Programme of Research and Training in 
Tropical Diseases (TDR) to coordinate 
efforts against six ancient scourges of 
mankind (malaria, schistosomiasis, the 
filariases, trypanosomiasis, leishmaniasis 
and leprosy)!®. By June 1980, TDR had 
allocated over $2.8 million to 38 separate 
projects concerned with problems of 
Anopheles resistance and Plasmodium 
transmission. Unfortunately, however, 
these projects tend to reflect WHO’s con- 
viction that progress in the field of malaria 
research depends almost uniquely on basic 
breakthroughs in such areas as biology, 
immunology and the invention of new 
drugs. So far, only 7.1 per cent of TDR’s 
malaria funds support inquiries into non- 
chemical means of vector control!®3, Or as 
Peter Collins has written, the programme 
draws its models from ‘‘many of the ideas 
and techniques developed by biomedical 
research into the diseases of the indus- 
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HYV rice cultivation has been avail 
principally to wealthy farmers w iO Sell 
their grain at premium prices. Many : 
specialists now feel that the green 
revolution in such regions has not signifi- 
cantly improved the lot of most peasants - 
and smallholders‘, 

Acknowledging this fact, institutions — 
like the International Rice Research Institute 
and the International Maize and Wheat — 
Improvement Center have begun to re- 
evaluate the advantages both of traditional 
plant varieties and of native cultivation. 
techniques. Perhaps the problem of | 
malaria resurgence is amenable to simila 
solutions, not by means of technologi 
innovation alone, but also by showing a 
proper respect for the social and environ- 
mental conditions which make resurgence- 
unavoidable. And while more equitable 
answers are found to the question of 
poverty and landlessness, surely it makes _ 
sense (as FAO’s own panel of experts has 
once again reaffirmed) to employ an 
integrated system of pest management.on 
such crops as rice and cotton. 
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NEWS AND 


SUPERNOVAE as a class of astronomical 
events releasing > 10” ergs in visible light 
over a year or two were identified and 
defined by Fritz Zwicky and Walter Baade 
in 1934. A surprising amount of what they 
said then remains credible, including the 
division into Type I and Type II events 
(due, most astronomers now believe, to the 
release of nuclear and gravitational energy 
respectively), the association with rapidly 
expanding gas clouds (supernova 
remnants), and the association, at least 
sometimes, with collapsed objects at 
nuclear densities (neutron stars and 
pulsars), as outlined by R. Kirshner 
(University of Michigan) at a recent 
meeting*. 

Type I events go off within relatively old 
stellar populations, in elliptical galaxies 
and between the arms of spirals. Their 
immediate progenitors are generally 
thought to be degenerate cores of C, O, Ne, 
Mg group elements, covered by a thin or 
thick envelope of helium. Such cores can 
arise either through mass transfer onto a 
white dwarf in a closed binary system or 
through stellar winds removing the 
hydrogen envelope from a 4—8 solar masses 
(Mo) star as it evolves. The explosions, 
reviewed by J.C. Wheeler (University of 
Texas), W.D. Arnett (University of 
Chicago), K. Nomoto (NASA-Goddard 
Space Flight Center), T.A. Weaver 
(Lawrence Livermore Laboratory), P. 
Sutherland (University of Texas) and S.R. 
Schurmann (University of Michigan), 
result from detonation or deflagration of 
the degenerate core, the fuel burning 
rapidly at high temperature. The dominant 
product is 0.2-1.4 Mo of Ni, which is 
radioactive and decays to “Co and then 
SFe, with half lives of about 6 and 60 days 
respectively. 

Gamma rays from these decays, greatly 
downgraded by scattering through the 
helium envelope, are then responsible both 
for the initial light outburst and for its 
exponential decay, also with a half life of 
about 60 days. The spectra of such events, 
reviewed by T. Axelrod (Lawrence 
Livermore Laboratory) and D.R. Branch 





*The NATO Advanced Study institute on Supernovac was heid 
29 June-10 July 1981 at the institute of Astronomy, Cambridge. 
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(University of Oklahoma), show no 
evidence of hydrogen, but essentially 
normal ratios of N, Mg, Na, S, Ca and so 
on, presumably embedded in helium, from 
the unburned envelope. After about 70 
days, lines attributable to Co and Fe 
appear, the Co gradually giving way to the 
Fe on a time scale comparable with its half 
life. 

This coherent picture is somewhat 
disturbed by the implications of X-ray 
observations of several galactic remnants. 
According to discussions by F. Winkler 
(Middlebury College), J.M. Shull 
(University of Colorado) and F. Seward 
(Center for Astrophysics), the remnants 
Pup A, Tycho and Cas A show excesses of 
intermediate weight elements (O, Ne, Si, 
and so on) but not of Fe; and the Tycho and 
Cas A remnants have masses near 15 Mg . 
None of these, admittedly, is known with 
certainty to have been a Type I, but Tycho 
especially is often advertized as such. 

Type Il events occur only within very 
young stellar populations, such as in spiral 
arms. They apparently terminate the lives 
of massive stars (8-100 Mo) with extended 
(~ 10'* cm) hydrogen envelopes. The basic 
instability arises when nuclear burning 
produces an inert iron core in excess of the 
Chandrasekhar mass. Electron capture sets 
in, ‘deleptonizing’ the core and removing 
the degenerate electron pressure support 
that has been holding it up. Quite a modest 
amount of this is enough to send the central 
0.6 Mo or so of the core hurtling inwards. 
Neutrinos are trapped within the core and 
their degeneracy temporarily halts electron 
capture when the number of neutrons is 
roughly 1.4 times the number of protons 
(most of them still in rather exotic nuclei). 
As the inner core reaches nuclear densities, 
its equation of state suddenly stiffens, 
sending a shock wave back out into the 
remaining iron. This is called core bounce. 

Just what happens next and how core 
bounce produces an observable supernova 
is both rather complex and rather 
uncertain. It was one of the special 
pleasures of the NATO meeting to hear 
several of the pioneers of nuclear 
astrophysics address these issues. H. Bethe 
(Cornell University) reviewed calculations 
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of the propagation of the shock wave and 
formation of a compact object. W.A. 
Fowler (Caltech) discussed electron 
capture cross-sections and shell-blocking, 
and their implications for deleptonization, 
and $.A. Colgate (Los Alamos) addressed 
the problem of fall-back of the outer stellar 
layers on to the neutron core. Other aspects 
of the problem were reviewed by Weaver, 
G. Brown (NORDITA), A. Yahil (State 
University of New York, Stony Brook), W. 
Hillebrandt (University of Munich), J. H. 
Applegate (Caltech) and S.E. Woosley 
(Lick Observatory). To make a proper 
Type H supernova light curve, spectrum 
and expanding remnant, the shock must 
get out through many solar masses of 
material, spread over ~ I0 cm, still 
carrying at least 10°) ergs. The hardest 
barrier to overcome is the remaining iron in 
the outer core, which extracts energy from 
the shock via photodissociation to helium 
and free neutrons. Rotation, magnetic 
fields and nuclear burning in the outer 
parts of the star (first discussed in 1960 by 
Fowler and Sir Fred Hoyle, who was also at 
the meeting) can all help, but whether or 
not the shock breaks out is a near thing, 
and must depend critically on details of the 
core structure. The answers may come 
from a new generation of two- (and three-) 
dimensional hydrodynamic codes now 
being developed in several places. Type H 
light curves are well modelled by the shock 
moving through an extended stellar 
envelope; and the spectra show the normal, 
hydrogen-rich composition of the envelope 
blown out by the shock at 10--20,000 km 
s1. The core presumably ends up as a 
pulsar, unless fall-back drives it over the 
stable mass limit for neutron stars into a 
black hole (perhaps most likely for the 
most massive progenitors). 

Early in the history of the Universe, a 
third sort of stellar explosion may have 
occurred, Because the progenitors could 
have been very massive objects (100-500 
Mo) essentially devoid of heavy elements, 
we might call them Type HHI supernovae. In 
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such objects, as discussed by Woosley, R. 
Bong (University of California, Berkeley), 
B. Carr (University of Cambridge) and W. 
Ober (University of Munich), the dom- 
inant instability results from electron- 
positron pair production in the hot, rela- 
tively low-density, core. Material expelled 
from such objects early in galactic evo- 
lution could: plausibly raise the heavy 
element abundance of the remaining gas to 
1-3 per cent of its present value, mostly in 
the form of intermediate-weight elements 
(O-Si) rather than Fe. 

An urgent need in the field of supernova 
research is detailed observations of objects 
of both types just before and after 
maximum luminosity, in all spectral 
ranges. (Young extragalactic supernovae 
have now been seen as radio, X-ray and 
ultraviolet sources, as well as optical ones, 
according to K. Weiler (NSF), C. Fransson 
(NORDITA), N.: Panagia (University of 
Bologna) and C; Canizares (MIT).) Early 
identification requires deliberate, 
organized. supernova searches. R. Muller 
(University of California, Berkeley) and 
Colgate described the status of their 
respective automated search projects. 
Given adequate funding, both could be in 
operation within about 2 years, finding 
supernovae out.to the Virgo cluster at a 
probable rate of several dozen a year. Most 
of these would be caught several days and 
several magnitudes before maximum 
luminosity. Such rapid discovery is par- 
ticularly important if the Gamma Ray 
Observatory (with a projected life of only 
2 years) is to probe nucleosynthesis by 
supernovae. E. Kibblewhite and M. 
Cawson (University of Cambridge) 
reported a slightly different kind of 
automated search, now in progress, that 
can find larger numbers of more distant 
events on photographic plates, also within 
a few days of maximum luminosity. 
Having a large, systematically acquired 
sample of supernovae will facilitate their 
use to determine the cosmological para- 
meters H, and q,, via model atmosphere, 
standard candle, or Baade~Wesselink 
methods, outlined by R.V. Wagoner 
(Stanford University). This latter search 
should also help enormously to pin down 
the rates of the two types of event in 
different kinds of galaxy and, therefore, 
the nature of the progenitors. 

Within our own Galaxy, rates of 
supernovae and their products now seem to 
be largely agreed upon, if not understood. 
G. Tammann (University of Basel) 
reported a total rate of | every 20 years (ILH 
in a ratio 5:4) based on both historically 
observed events and extrapolations from 
the extragalactic rate. A.G. Lyne (Jodrell 
Bank Observatory) concluded that one 
pulsar is born every 28 years (probably a 
lower limit and subject to 50 per cent error) 
and D. Helfand (Columbia University) 
noted that the supernova remnant birthrate 
is only about | every 80 years (but is 
considerably higher, per unit mass, in the 
Large Magellanic Cloud). In addition, no 
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pulsar or neutron star is associated with 
many of the historical supernova, if 
neutron stars cool along the lines outlined 
by S. Tsuruta (University of Montana), 
though some intermediate-age remnants 
(RCW 103, CTB 109, G 21.5, G 74.9, 
3C58, Vela and 4C 21.53W) do contain 
compact, probably non-thermal, X-ray 
sources, perhaps attributable to relativistic 
electron acceleration by a pulsar, 
according to Helfand and R.H. Becker 
(Columbia University). 

The straightforward interpretation of 
these numbers and observations is that 
visible supernovae, remnants and pulsars 
can all be produced independently of the 
others, though two of the three must occur 
together frequently and all three 
occasionally, as in the Crab Nebula, which 
inspired Baade and Zwicky to some of their 
original suggestions. The assorted rates are 
reasonably consistent with the birthrates of 
the probable progenitors and with what is 
needed to build up the observed heavy 
element abundance of the Galaxy over its 
lifetime. 

Each of the expanding supernova rem- 
nants has ~ 105! ergs ( ~ 10% ergs s~') to 
dispose of. A few per cent of this, as dis- 
cussed by R. Blandford (Caltech), goes into 
cosmic rays and other non-thermal sinks, 
but most of it eventually leaves the Galaxy 
as electromagnetic radiation. It does so by 
a rather devious route. R. Chevalier 












(University of Virginia) and C. Mi 
(University of California, Berkeley 
reviewed superncva remnant models ina 
way that made clear that the expanding 
remnants and the lumpy surrounding 
interstellar medium must be treated in a 
self-consistent way, inchiding transfer of 
mass, energy and momentum between 
them. In particular, large, old remnants 
probably pervade a large fraction of the 
galactic disk, and should, therefore, be 
treated as a third, high-temperature, low- 
density component of the interstellar 
medium. This may sometimes erupt from 
the disk as a ‘galactic fountain’, according 
to F. Kahn (University of Manchester) and 
S. Ikeuchi (Hokkaido University). 

Still further removed from the initial 
event, supernova explosions have been 
blamed collectively for triggering galaxy 
formation, as explicated by J.P. Ostriker 
(Princeton University), and the formation 
of the Solar System. D.D. Clayton (Rice 
University) presented an impressive body 
of evidence, drawn largely from chemical 
and isotopic abundances in meteorites, in 
opposition to the latter view. He believes 
that the cloud that collapsed to form our 
Sun did so as part of the normal, orderly 
evolution of the interstellar medium, which 
preserves in dust grains atoms synthesized 
in many supernovae over many billions of 
years. We are, indeed, made of starstuff, 
but very ordinary sorts of starstuff. l 


Cholinergic neurones 


and memory 


from Steven Zeisel, Daniel Reinstein, Suzanne Corkin, John Growdon and Richard Wurtman 


A selective deficit in certain cholinergic 
neurones, possibly those in the septo- 
hippocampal tract, has been implicated in 
the aetiology of memory disorders associ- 
ated with aging and Alzheimer’s disease 
(presenile dementia). Agents that increase 
the release of acetylcholine from these 
neurones might therefore help to 
ameliorate the memory loss. This 
possibility provided a central theme for a 
recent workshop* on the pharmacology of 
memory disorders associated with aging. 
Of particular importance is the ability to 
determine in each patient whether his 
disease is, in fact, related to a central 
cholinergic deficiency, and whether 
acetylcholine is the sole or major 


*The International Study Group (ISG) on the ‘Pharmacology of 
Memory Disorders Associated with Aging’ held its 
second meeting in Zürich, Switzerland, on 3-§ April 1981. The 
75 participants inciuded basic neuroscientists, neurologists, 
psychiatrists, neuropsychologists, administrators of granting 
agencies and research scientists at food and drug companies. The 
proceedings of the meeting will be published by Raven Press, 
New York, in Alzheimer’s Disease: A Report of Progress in 
Research (eds S, Corkin, K.L. Davis, LH. Growdon, Earl Usdin 
and K.J. Wurtman). 


transmitter affected. 

Data from cortical brain biopsies 
indicated that senile plaques and neuro- 
fibrillary tangles, both characteristic of 
Alzheimer’s disease, were found in only 60 
per cent of patients diagnosed using clinical 
criteria. These same 60 per cent also tended 
to show major decreases in brain choline 
acetyltransferase (CAT) activity, an index 
of the number of cholinergic terminals. 
Studies on autopsy specimens indicated 
that the density of central muscarinic 
cholinergic receptors apparently is 
unaffected in Alzheimer’s disease, sug- 
gesting that patients might respond to 
compounds that increase cholinergic 
neurotransmission. Decreased levels of 
monoamine metabolites and somatostatin, 
a peptide neurotransmitter, in brain have 
also been reported; however, the levels of 
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fluid are not sufficiently altered to aid in 
diagnosis. Methods, including computer- 
ized axial tomography and positron 
emission scanning, for identifying patients 
with Alzheimer’s disease without resorting 
to cortical biopsies were also discussed. 

The loss of cholinergic neurones 
associated with Alzheimer’s disease and 
the abundant pharmacological evidence 
that anticholinergic compounds impair 
memory functions even in normal people 
suggested that enhancement of central 
cholinergic neurotransmission might aid 
dementia patients. This hypothesis has 
been difficult to test, because no Federal 
Drug Agency approved, orally active, non- 
toxic cholinergic drugs exist. Another 
strategy for increasing central cholinergic 
tone involves using nutrients, such as 
choline or the choline-containing dietary 
phospholipid lecithin, to accelerate the 
synthesis of acetylcholine in, and its release 
from, brain neurones. The response of a 
cholinergic neurone to more precursor 
depends on its firing frequency: when 
firing rapidly, neurones are highly respon- 
sive, but when firing slowly, they respond 
little, if at all, to more choline. This 
frequency dependence allows exogenous 
choline (or lecithin) to act selectively, 
without causing generalized manifesta- 
tions of cholinergic hyperactivity. It might 
be anticipated that in diseases like 
Alzheimer’s, where most of the neurones in 
particular cholinergic tracts have disap- 
peared, those surviving would be hyper- 
active and thus choline responsive. 

The difficulties in assessing memory 
function in elderly subjects were discussed 
in detail. A concurrent ad hoc workshop on 
the classification of the severity of 
dementia concluded that no simple, global 
rating scale could be proposed yet. It did, 
however, suggest guidelines for developing 
such a scale. Experimental studies dis- 
cussed during the first ISG meeting (1-2 
December 1979) had suggested that agents 
that enhance central cholinergic tone might 
be beneficial in Alzheimer’s disease. Since 
then, numerous investigators have initiated 
well controlled clinical trials using choline, 
lecithin, physostigmine and other agents 
thought to increase central cholinergic 
tone. In the approximately 100 patients 
with Alzheimer’s disease discussed by 
various groups at the meeting, adminis- 
tration of choline or lecithin alone had no 
reproducible beneficial effect. Preliminary 
data from small studies, using the direct 
muscarinic agonist physostigmine or com- 
binations of choline or lecithin with oral 
physostigmine or piracetam, appear 
more promising than the results with 
lecithin alone. (The possibility that choline 
or lecithin might slow the deterioration of 
mental status associated with Alzheimer’s 
disease was suggested by studies showing 
that long-term choline administration to 
aged rodents suppressed the age-related 
loss of cortical dendritic spines and 
preserved retention of passive-avoidance 
learning.) -dopa, the peptides lysine vaso- 


OO2ZR-G8RIH BI S801 88- 03501.00 





pressin, l-desamino-8-p-arginine vaso- 
pressin, 9-desglycinamide-8-1 -arginine 
vasopressin, or ACTH (4-9) had modest or 
no therapeutic effects in patients with 
Alzheimer’s disease. 

The design of clinical studies to test the 
effects of any agent on cognitive function 
in patients with Alzheimer’s disease is 
hampered by the fact that groups of 
clinically similar patients are bound to be 
neuropathologically and neurochemically 
heterogeneous. For example, some of these 
patients will lack senile plaques and neuro- 
fibrillary tangles, and others will have 
normal CAT activity. There is, however, 
no way to identify more homogeneous sub- 
groups in clinical practice. If, for example, 
only 20 among 100 clinically similar 
patients have a selective loss in cholinergic 
neurones, the others either lacking such 
pathology or also having deficits in 
somatostatin, the monoamines, or other 
neurotransmitters, then only those 20 
would be expected to respond to cholin- 
ergic stimulation. However, as there is no 
way of detecting those 20, a treatment 
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improving 3 out of 4 of them would, in 
fact, affect only 15 per cent of the treated 
population and might falsely be labelled 
ineffective. One way to get around this 
problem is to identify ‘responders’ and see 
whether they respond repeatedly. In 
addition, non-invasive methods for 
assessing the release of brain acetylcholine 
and other neurotransmitters need to be 
developed if we are to design rational, 
neurochemically based treatments for 
Alzheimer’s disease. Such techniques 
might also be of use in understanding other 
neurological syndromes that arise from 
multiple and distinct pathological 
processes. 

The meeting yielded no treatment for 
Alzheimer’s disease, but it did confirm the 
progress made in measuring memory 
functions in afflicted people, in charac- 
terizing their neurochemical deficits and in 
developing a rational basis for an approach 
to treating at least one of these deficits, that 
in cholinergic brain neurones. The meeting 
also generated a consensus as to new lines 


of research that need to be explored. E 


How different are human races? 


Jrom J.S. Jones 


Ir is generally accepted that the human 
population can be divided into groups which 
differ from each other in obvious character- 
istics such as skin colour. The classical {and 
most popular) views of race are typological ; 
they imply that each race is a homogeneous 
group of individuals, and that the members 
of such a group are biologically similar to 
each other, and different from the members 
of other racial groups. Each race is assumed 
to represent a genetically differentiated 
human type. 

There are serious problems in defining 
races in this way, as it is now obvious that 
each human population, rather than 
consisting of a uniform group of 
individuals, contains within itself a large 
amount of genetic variation for many of 
those characters originally used to define 
racial ‘types’. Faced with this variation, 
supporters of typological views have been 
forced into increasingly unlikely models 
involving the mixture by migration of 
originally pure populations. Physical 
anthropology has found it difficult to come 
to terms with genetic polymorphism. This 
very diversity can, however, be used to 
provide information for an estimate of the 
differences among human populations. 

Rather than defining race on the basis of a 
few conspicuous variants such as skin colour 
(which may be based on genetic differences 
of as few as four loci'), it is now possible to 


etn ammeter aar aaea aaa aA 


J.S. Jones is in the Department of Genetics and 
Biometry, University College London. 


use information on the distribution of 
genetic polymorphism at scores of loci for 
biood groups, histocompatibility antigens, 
enzymes and the structure of DNA revealed 
by restriction enzymes. Some of the discon- 
tinuities among populations for these newly 
discovered polymorphisms are as great as 
those which exist for skin colour; the Duffy 
blood group system, for example, has an 
allele in 100 per cent of the populations of 
the Pacific Islands which is absent from. 
South American Indians’. 

Even a superficial examination of the 
geographical patterns of allele frequency in 
man shows that the typological view of 
each race as a genetically well dif- 
ferentiated group is not correct. The 
geographical trends of gene frequency fora 
sample of human polymorphisms hardly 
ever parallel those for skin colour or body 
form. New statistical techniques which 
combine all the available information on 
biochemical polymorphism make it 
possible to quantify the extent of genetic 
differentiation within and among human 
populations and give a new insight into the 
nature of race. 

Latter’ has developed an index which 
uses data on 18 polymorphic gene loci from 
180 different human populations from 
each of the six major racial groups 
(classified as European, African, Indian, 
East Asian, New World and Oceanian) to 
give a measure of the proportion of genes 
which two randomly chosen individuals 
have in common. Comparison of the value 
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The Burgess Shale: a unique Cambrian fauna 


from R.A. Fortey 





Habelia optata. Above, fossil from the Walcott quarry. x4.6.Below, reconstruction in 


FIGURI 


oblique anterior view, suggesting the animal walking on the sea bottom. 


THE fossil record is usually very selective, 
preserving only the remains of well 
skeletized animals. Soft tissues decay and 
leave no trace, and many groups of 
organisms lacking tough, preservable 
shells or skeletons have virtually no fossil 
record as a consequence. There are 
extremely rare cases where the rocks have 
preserved impressions of delicate limbs or 
internal organs, as well as of different 
kinds of worms and other organisms 
otherwise unknown as fossils. The 
importance of such occurrences is 
enormous in fleshing out the full 
complexity of organic evolution. 
Probably the most significant of these 
‘geological miracles’ is the Burgess Shale 
in British Columbia, of middle Cambrian 
age (about 550 million years BP). The 
locality was originally described by the 
great American palaeontologist C.D. 
Walcott in the earlier part of this century. 


of this index obtained when the two 
individuals come from the same ‘race’ with 
that obtained when the two are members of 
different ‘races’ gives a clear indication of 
the degree to which the human population 
is divided into genetically different groups. 
His analysis shows that by far the largest 
component of the total genetic diversity of 
mankind — about 84 per cent of all genetic 
variation — results from the genetic 
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Walcott named a whole array of 
amazingly well preserved fossils: ‘worms’ 
and sponges, and an astonishing variety 
of arthropods, as well as a number of 
enigmatic fossils which could not be 
assigned readily to any known group of 
animals. This fauna is now under a 
thorough re-examination (with much 
new material from British Columbia) by a 
team of scientists led by Professor H.B. 
Whittington of Cambridge University. 
The illustrations here are from the latest, 
and one of the last, parts of this 
reconsideration. 

What is most surprising about the new 
results is that the puzzles have, if 
anything, multiplied. Very few of the 
arthropods can be simply related to 
groups still living. More often they show 
curious combinations of features — 
many of them primitive, but some 
specialized in odd ways — that make their 


differences which exist between individuals 
belonging to the same tribe or nationality. 
About six per cent arises from differences 
between tribes or nationalities (such as 
those which are found, for example, 
between the populations of France and 
Spain, or between different tribes in the 
east and west of Africa). Only about ten 
percent of the total biological diversity of 
mankind arises from genetic divergence 
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classification a delicate business, to say 
the least. Some even have body 
segmentation resembling one group of 
arthropods, but limbs more like another! 
It is certain, however, that the arthropods 
must have had a complex history before 
the middle Cambrian. Some of the 
‘worms’ are members of living groups: in 
one case their Cambrian diversity was far 
greater than at the present day. But there 
remain a number of bizarre, soft-bodied 
animals which defy ready classification 
with any of the major groups of living 
animals. There has even been the sugges- 
tion that these are the lone records of 
phyla of animals which have not survived 
— unless they are still lurking undis- 
covered somewhere in our oceans. 


R.A. Fortey is in the Department of Palaeon- 
tology, British Museum (Natural History). 


between ‘racial’ groups. In other words the 
genetic differences between the classically 
described races of man are on the average 
only slightly greater than those which exist 
between nations within a racial group, and 
the genetic differences between individual 
human beings within a local population are 
far larger than either of these. Mankind as 
a whole, far from being divided into a 
number of discrete entities which could be 


©1981 Macmillan Journals Lid 


190 


Nature Vol. 293 17 September 198] 





defined as racial ‘types’, is in fact rather a 
homogeneous species in terms of geo- 
graphical variation. Support for this 
conclusion comes from other statistical 
tests of the distribution of blood group and 
enzyme polymorphisms‘, and from some 
very preliminary evidence on sequence 
polymorphism in human mitochondrial 
DNA; the two most similar of 21 
individuals characterized for this poly- 
morphism were of African and European 
origin respectively®. 

The genetic evidence also favours a 
recent origin of human racial groups. 
Populations which are nearest the global 
mean in their frequency of enzyme variants 
and blood groups cluster in south-central 
and eastern Asia’: these may represent the 
ancestral populations of Home sapiens, 
from which waves of migration (coinciding 
with the origin of agriculture) colonized the 
rest of the world. Assuming, with some 
optimism, that enzyme and blood group 
variants are on the average not subject to 
strong natural selection, and that they 
originate at a fairly uniform rate among all 
mammals, the probable time of divergence 
among the resulting populations of Africa, 
Europe and the Orient is only about 60 — 
120,000 years before the present day®, a 
period very short in terms of the evolution 
of the primates’. Estimates of the rate of 
accumulation of mutations in mitochon- 
drial DNA in man compared with other 
primates give a similar date of divergence 
among the human populations of the 
world®!°, 

Although the races of classical anthro- 
pology and popular myth do not represent 
genetically differentiated entities, it is of 
course possible to use the geographical 
variations in gene frequency which do exist 
as the basis of a taxonomy of mankind. 
Several trees showing the evolutionary 
relationships of various population groups 
have been constructed. Until recently there 
was considerable disagreement between 
those based on skeletal characters and 
those based on molecular polymorphisms. 
It now appears that this arises largely from 
the strong correlations which exist between 
skull form and climate. These lead 
to a convergent evolution of populations 
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living in similar climates great enough to 
obsure the patterns due to common 
ancestry. Once these climatic effects have 
been removed by statistical means, both 
skeletal and biochemical measures of 
identify produce trees which show that 
Africans and Europeans are more closely 
related to each other than either is to 
Amerindians or to Australasians!'. 

As well as using genetic data to investi- 
gate how much human groups have 
in common, it is possible to use such 
information to ask how differentiable the 
various groups might be. Such techniques of 
identification have long been used by 
forensic scientists who use man’s extensive 
within-population diversity to assess the 
probability of a blood sample coming from 
a particular individual. As the probability 
of two samples from the same population 
having an identical genotype at a 
polymorphic locus is always less than one, 
it is inevitable that, as more loci are 
considered, it will become possible to 
identify single members of the population 
with great accuracy. In the same way, that 
relatively small proportion of the total 
human diversity which arises from genetic 
differences between populations can 
provide an estimate of the population from 
which a particular blood sample has been 
taken; using a multiplicative measure of 


identity on as few as eight enzyme or blood 
group loci will permit the assignment of a 
single blood sample to its correct racial 
group with at least an 87 per cent 
probability of accuracy!?. 

A confusion between these two measures 
of genetic identity — the proportion of 
genes which members of different races 
have in common, versus the probability of 
being able to identify to which race an 
individual belongs — has led to a recent 
controversy about the real extent of the 
genetic differences in the races of mankind. 


Mitton” claims that, as by multiplying the 


probability of identity of individuals of 
different racial origin for one polymorphic 
locus after another it is possible to assign 
them with some precision to the racial 
group from which they come, then human 
races must each represent a rather major 
level of genetic divergence. However, the 
index of identity used by Mitton is a multi- 
plicative one; it does not give information 
as to the extent to which races show overall 
genetic differences among themselves. 
Several authors!+-'® have pointed out that 
Mitton’s measure of the genetic identity of 
populations cannot be used to assess the 
average genetic differentiation of human 
races. The idea of racial ‘type’ — and, 
some would argue, of ‘race’ itself — is no 
longer a very useful one in human biology. ( 


Early results from Magsat 


from R.A. Lengel, R.H, Estes and M.A. Mayhew 


NASA’s Magsat satellite programme was 
designed to study the near-Earth magnetic 
field. Specifically, its objectives were to 
describe the main field (presumably) 
Originating in the Earth’s core and to 
compile and interpret the much smaller 
fields due to variations in the magneti- 
zation of the lithosphere. The 1981 spring 
meeting* of the American Geophysical 
Union, held on 27 May in Baltimore, 
Maryland, offered the first opportunity for 
discussion of the early results. 

Magsat was launched on 30 October 
1979 into a Sun-synchronous (twilight) 
orbit with apogee of 561 km and perigee of 
352 km. Re-entry occurred on 1! June 
1980. The instrument complement 
included a caesium vapour magnetometer 
to measure the field magnitude, a fluxgate 
magnetometer to measure the field com- 
ponents and an optical system to measure 
the orientation of the fluxgate magneto- 
meter. The scalar magnetometer was used 
to calibrate the vector magnetometer in 
flight. The data are estimated to be 
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* Abstracts of all papers presented at the meeting may be found 
in FOS, Trans. AGU 62, 268 (1981), The Magsat studies are 
being undertaken by the Geophysics Branch al NASA'S 
Goddard Space Flight Center, by the US Geological Survey and 
by investigators from the United States and elsewhere (see 
Lange! Johns Hopkins APL Technical Digest 1, 214 (1980). 
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accurate to about 3 nT in magnitude and 6 
nT in each component. 

After a description by Langel (Goddard 
Space Flight Center) of the Magsat mission 
and data, participants discussed spherical 
harmonic models and fields due to iono- 
spheric and magnetospheric currents. Estes 
(Business and Technological Systems) 
described a series of models incorporating 
data from observatories, repeat stations, 
marine surveys and the POGO satellite, as 
well as Magsat, in various combinations. 
He emphasized the value of a new 
technique which simultaneously solves for 
the anomaly field at each observatory and 
for the main-field coefficients. Using this 
technique, it is now practical to include 
third-time derivatives of the spherical 
harmonic coefficients without serious mis- 
behaviour of those coefficients. Such 
models seem to predict better than those 
not using third derivatives and not solving 
for observatory anomalies for a period of 
3-4 years; after that time interval the 





R.A. Langel is a Magsat Project Scientist 
(Geophysics Branch) at the NASA-Goddard 
Space Flight Center and R.H. Estes and M.A. 
Mayhew are Magsat Investigators at the 
Business and Technological Systems, Inc., 
Maryland. 
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higher derivatives begin to dominate and 
the models are untrustworthy. A model for 
1950-1980 describes extremely well the 
secular variation for that time period. 
Furthermore, pre-Magsat models of this 
nature were the best predictors of the fields 
measured by Magsat. A preliminary model 
based on only 15 magnetically quiet days of 
Magsat data was also presented. 

New areas in field-modelling methods 
are being investigated by Gibbs (Business 
and Technological Systems) and by Shure 
(University of California, San Diego). The 
former presented a new approach to geo- 
magnetic core field modelling using 
optimal recursive filtering techniques. The 
filter has as its state variables the spherical 
harmonic coefficients of the scalar 
potential and its first derivatives obtained 
from conventional least-squares analysis 
over a deterministic interval of approxi- 
mately 5 years. Using statistical infor- 
mation about the temporal variation in the 
coefficient derivatives to weight the data 
(the coefficients of the deterministic 5-year 
solutions), the technique was applied using 
five models covering the interval 
1950-1976 to predict the magnetic field in 
1980. Prediction of the Magsat data using 
the filter technique was better than with 
other pre-Magsat main-field models. 

Shure has developed a method of 
applying constraints designed to produce 
‘smoothed’ models at the Earth’s core, that 
is, models of the core field where the effect 
of short-wavelength contamination from 
crustal and external fields is minimized. 
Using the smoothness assumption of 
minimizing the total magnetic field energy 
outside the core, the continuous inverse 
problem was formulated using spherical 
harmonics as a basis of spline functions on 
the sphere. The matrix elements are 
constructed in closed form, and the fields 
at the core~mantle boundary are conver- 
gent. The method requires the inversion of 
a matrix of dimension equal to the data set. 
A numerical simulation was described 
based on a geographical distribution of 21 
observatories on the Earth’s surface and 
using data generated from an IGRF model. 
The smooth field was examined at the 
Earth’s surface and at the core~mantle 
interface. Because of the size of the matrix 
to be inverted, the method is compu- 
tationally somewhat impractical. Efforts 
are being made to adapt it for use with large 
data sets. 

Several speakers (Cain, US Geological 
Survey; Zanetti, Johns Hopkins 
University; Olson, McDonnell Douglas 
Astronautics Co.; Hermance, Brown 
University; and Sugiura, Goddard Space 
Flight Center) emphasized that the effects 
of ionospheric and magnetospheric 
currents must be taken into account when 
modelling the Earth’s main field and when 
studying crustal anomalies. Such effects 
include unbalanced field-aligned currents 
which result in significant fields far from 
the current system, inaccuracies in 
magnetospheric models near the Earth, 
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fields induced from time-varying sources 
and the ever-present quiet daily current 
system, Sq. 

Hughes (Herzberg Institute of Astro- 
physics), on the other hand, showed that, 
when studying quiet time current systems, 
it is important to take into account the exis- 
tence of fields from crustal sources. When 
the anomalous fields are accounted for, the 
quiet Magsat data from November 1979 
can be shown to be in qualitative agreement 
with a model consisting of field-aligned 
currents and their closing currents within 
the ionosphere. 

Using quiet Magsat data from 
November 1979, Wilson (Herzberg 
Institute) showed that the magnitude of the 
field-aligned currents in the sunlit hemi- 
sphere is greater than in the dark hemi- 
sphere, and that there is considerable 
structure in field variation over the summer 
polar cap which is absent in the winter 
hemisphere. 

Taylor (Goddard Space Flight Center) 
discussed a very important study showing 
that inaccuracies in the gravity field model 
used to derive the spacecraft ephemerides 
are unlikely to produce satellite apparent 
motions which would result in ‘false’ mag- 
netic anomalies, because the wavelengths 
of effects with amplitude sufficient to be 
significant to the satellite magnetic data are 
of the order of the circumference of the 
Earth and can be filtered out of the data. 
Simulations pertinent to Magsat showed 
that the effects of orbit error on that data 
are insignificant in all cases. 

Further papers were concerned with 
identifying and interpreting fields from 
lithospheric sources. Langel briefly 
reviewed the history of satellite-derived 
magnetic anomaly maps, beginning with 
that of Regan et al. (J. geophys. Res. 80; 
794), published in 1975, and culminating in 
the latest map derived from Magsat data. 
The procedure for separation of the crustal 
fields from the Earth’s main field and from 
external fields is the following (Regan ef 
al. op. cit.; Mayhew J. Geophys. 45; 119, 
1979; Langel et al. Can. J. Earth Sci. 17; 
876, 1980): (1) select data from periods of 
relative magnetic quiet, (2) remove the core 
field estimated by a thirteenth degree and 
order field model, and (3) filter the data 
appropriately along the orbit track to 
remove the remaining long-wavelength 
effects of core and external fields. This fil- 
tering technique introduces a zero-level 
ambiguity and artificial east-west striping 
in the resulting maps. Future research will 
investigate alternative techniques which 
minimize these shortcomings. The main 
features of the Magsat anomaly map are 


the same as those found in the higher- 


altitude POGO data, but many new details 
are present. 

Frey (Goddard Space Flight Center) 
pointed out many correlations between 
known large-scale tectonic features and the 
satellite-derived anomaly maps, including 
positive anomalies over many major 
shields, cratons, blocks and stable basins, a 


191 


a Sgr Pit 
ek. 


Lae 


T. S PET 
a a 


100 years ago 


The Yorkshire Naturalists’ Union will have a 


Fungus Foray on Friday and Saturday, 
September 30 and October 1, at which they will 
gladly welcome any mycologists who may be} 
disposed to assist them. The Friday's pro-| 
gramme is to consist of an excursion in the! 
neighbourhood of Harrogate. On thej 
Saturday is to be a ‘‘show,”’ at which will be 
exhibited fungi, and any objects illustrative of 
the subject which may be sent. The dinner is to 
be on the evening of Saturday. Arrangements 
are being made to search localities in all parts 
of Yorkshire for specimens to exhibit. 

From Nature 24, 502, 22 September, 1881, 





strong negative anomaly following the 
topography in the Himalayan-Tibet region 
and many anomalies bounded by what are 
thought to be plate-tectonic sutures and 
failed rifts. The high degree of correlation 
between known geology and the satellite 
magnetic anomaly map was reinforced by 
Hastings (Technicolor Graphic Services, 
Inc., South Dakota) regarding the African 
continent and by Sailor (Analytical 
Sciences Corp., Massachusetts) in a study 
of the south-east Indian Ocean. Sailor 
showed that Magsat anomalies are corre- 
lated with tectonic features (Ninety East 
ridge, Diamantina Fracture zone, Broken 
ridge) and from a spectral analysis 
concluded that the early Magsat data have 
a ‘noise floor’ of 1-2 nT at a wavelength of 
~ 360 km. 

Wasilewski (Goddard Space Flight 
Center) examined data on xenoliths, high- 
grade metamorphic rocks and a suite of 
rocks across the Ivrea zone. These are 
presumed representative of lower crustal 
and upper mantle petrology. He concluded 
that the source of long-wavelength 
magnetic anomalies over continental areas 
is the lower crust, that the mantle is non- 
magnetic and that the Curie point is in 
general about 560°C, except in certain 
active zones, such as the Rio Grande Rift, 
where it may be considerably lower. 

Hinze (Purdue University) and Phillips 
(US Geological Survey) compared aero- 
magnetic data with the satellite anomaly 
maps for the United States. The aero- 
magnetic data were first extrapolated up- 
wards to satellite altitude. Both speakers, 
but particularly Hinze, found remarkable 
agreement in many features. For some 
unknown reason, Phillips found some 
anomalous areas in the midwest showing 
poor correspondence with both the satellite 
data and the results of Hinze. von Frese 
presented a geological model of the 
Mississippi Embayment which reproduces 
the major features of both the long- 
wavelength gravity and magnetic 
anomalies in that area and is also in agree- 
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ment with the known seismic refraction 
and heat flow data. His group believes that 
the region is the site of a late Precambrian 
rift which was reactivated in the Mesozoic 
to form an aulacogen and its model 
involves thinning of the upper crust and an 
increase in density in the lower crust. The 
magnetic low is accounted for by either an 
isotherm upwarp or, less likely, a litho- 
logical variation in the crust. Mayhew’s 


(Business and Technological Systems, Inc.) 
magnetization model for the United States, 
derived from Magsat scalar data, had much 
better resolution than that using POGO 
data. 

Although preliminary, the results dis- 
cussed at the meeting indicate that sep- 
aration of the measured field into its core, 
crustal and external ‘components’ is being 
achieved. The newest discipline, inter- 


pretation of long-wavelength crustal fields 
in terms of a geological/geophysical 
model, promises to contribute significantly 
to our understanding of the Earth’s crust. 
In the older disciplines of main-field 
modelling and studies of external fields, 
there are significant new developments in 
both analytical techniques and in our 
understanding of the physics of the field 
sources. | 


The East Asian jigsaw puzzle — Pangaea at risk? 


from Neville Haile 


UNTIL fairly recently, reconstructions of 
the world palaeogeography followed 
Wegener in showing Eurasia, excluding 
the Indian subcontinent, as a single 
block, with the Malay Peninsula and part 
or all of the Indonesian Archipelago 
depending from it and looking rather 
vulnerable':?. Other world palaeogeo- 
graphical maps simply omit South-east 
Asia and most of China (see the figure)’ +. 

The suggestion that South-east Asia, or 
part of it, was initially separate from 
mainland Asia, to which it later became 
welded, dates back at least to Wing 
Easton’ in 1921. More recent variations 
show South-east Asia (with or without 
parts of China) in Palaeozoic or early 
Mesozoic times attached to various parts 
of Gondwana, or to Laurentia in the 
same configuration as at present, or 
detached from both*’. Argand’s® idea 
that the rest of mainland East Asia south 
of the Siberian craton may be an 
aggregate of a number of blocks, which 
have had a separate history and become 
welded together after colliding, has been 
recently revived’:'” on the basis of new 
and more detailed maps produced by 
Chinese geologists, showing belts of calc- 
alkaline rocks and ophiolites interpreted 
as fossil subduction zones!''. A recent 
Sino-American review'* asserts: “‘In a 
nutshell, China is the product of the 
processes which led to gradual accretion 
onto the Siberian craton of a number of 
island arc systems and the capturing of 
relatively small continents. This process 
continued with the collision of the Indian 
subcontinent with Asia’’. Palaeomag- 
netic methods are ideally suited to test 
these hypotheses, delineate the pieces of 
the jigsaw puzzle and trace their 
movements through geological time, but 
hitherto palaeomagnetic evidence from 
China has been sparse and inconclusive. 
Moreover, this lack of information from 
China makes it difficult to interpret and 
integrate the data available from the peri- 
pheral areas of Siberia, Korea, Japan and 
the Indian subcontinent, and South-east 
Asia’. 





Neville Haile is at Robertson Research 
International, Llanrhos, UK. 
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Reconstruction of the continents into the universal landmass of Pangaea as of the end of the 
Permian, 225 Myr ago — the ‘classical’ concept of Wegener in a version by Dietz and 
Holden}. Where were East and South-east Asia? 


The paper by McElhinny et al. (this 
issue of Nature, page 212) is significant in 
showing that rocks from the same system 
(Permian) on two of the postulated 
tectonic blocks of China show different 
palacomagnetic vectors, supporting the 
idea that in the Permian they were 
separated from each other and from 
other parts of Asia for which there ts 
published data. The authors’ geographi- 
cal reconstruction for the Permian shows 
four continental blocks drifting 
independently in a proto-Pacific Ocean, 
waiting to collide with and be welded to 
the mainland (India and Qinhai-Tibet 
being off-stage, presumably to the south, 
forming part of Gondwana). If this is 
correct, then Wegener’s percipient idea, 
now orthodox theory, that all the con- 
tinents were joined into a single super- 
continent of Pangaea in the Permian, is 
an over-simplification. 

The authors’ model is only one of 
several that could satisfy the data. Ideally 
the next step should be an attempt to 
establish palaeomagnetic vectors from all 
geological systems over wide areas of East 
and South-east Asia in order to define 


apparent polar wander curves for each of 
the postulated blocks, and to integrate 
the results with evidence from structural 
geology, palaeoclimatology, fossils and 
(for the late Mesozoic and Cenozoic) 
ocean-floor spreading history. To 
achieve this would seem to call for a 
major cooperative effort — an inter- 
national decade of palaeogeography? | 
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Glacial and interglacial wind regimes | 
ca over the eastern 
topical Atlantic and North-West Africa 





M. Sarnthein’, G. Tetzlaff’, B. Koopmann’, K. Wolter’ & U. Pflaumann’ 
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Analysis of aeolo-marine dust deposits in the subtropical eastern Atlantic enables the strength of the major wind patterns 
during the late Quaternary to be evaluated and gives an insight into the climate of North Africa. 





THE origin of the late. Quaternary climatic changes in the 
subtropical arid belt of North Africa is still unknown. Of the 
explanations of the relationship between subtropical and global 
climatic conditions during glacial and interglacial times one’ 
suggests that there is a fairly constant latitudinal extension of the 
desert belt during both the warm and cold stages, accompanied 
by distinct latitudinal shifts which are directly related to the 
expansion and shrinkage of the north polar ice cap. Another 
approach””’ assumes that the circulation of the atmosphere over 
subtropical North Africa has a basically stable latitudinal posi- 
tion but that there are considerable variations in the intensity of 
circulation. Accordingly, the centre of the arid belt would have 
remained in the same position, but the belt would have expan- 
ded during the cold periods and contracted during the warm 
ones. New evidence is provided by our analysis of aeolo-marine 
dust deposits in the subtropical eastern Atlantic, which evalu- 
ates grain-size data from deep-sea samples using two 
approaches. The results suggest a stable location of the aeolian 
trajectories. They also enable the strengths of the major wind 
patterns that existed during the late Quaternary to be quantified, 
which has important implications in understanding the climate 
of North Africa. 


Meteorological setting 


The major dust outbreaks at the continental margin of West 
Africa occur between June and September and are associated 
with warm, dry plumes of Saharan air. They are located in the 
easterly midtropospheric jet stream which we term ‘Harmat- 
tan” or the ‘Saharan Air Layer", This dust flow is linked with 
the ‘Easterly Waves’, which are a system of tropical disturbances 
connected to the intertropical convergence zone (ITCZ) and 
appearing with a 3-4 day cycle'”''*"* (Fig. 1a). The dust plumes 
are generated by gusty winds and strong convective mixing, 
These processes are caused both by surface heating and the 
north-flowing wind component in the northeastern sector of the 
Easterly Waves'*’'*, Such conditions are restricted to the south 
Saharan and Sahel zones. Here, the widespread lateritic or 
ferruginous crusts (Fig. 1@)'*'® produce a characteristic dust 
which is composed of predominantly kaolinite in the clay frac- 
tion'”'* and abundant reddish-stained quartz'*". 

Having crossed the ITCZ, the dust cloud flows in a westerly 
direction with the Harmattan air, and its maximum concen- 
tration is at a height of ~3,000 m. Beyond the shore line, the 
dust moves above the Trade Wind inversion (at 600-—1,500 m) 
circulating round the upper-air high-pressure system which is 
found over the western Sahara and is shown in Fig. 1a. This leads 
to a sickle-shaped dust trajectory over the eastern Atlantic. The 
model proves to be correct for 75% of the data contained in a 
15-yr meteorological survey'*. The fine-grained components of 
the dust, which have not yet fallen out, finally move westwards to 
the Antilles''. The zone of gravitational fallout in the south js 
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limited by the northward penetration of the monsoonal rains. 

Additional dust pulses advance in the wake of the Easterly 
Waves''. The shallow Trade Wind layer below the Harmattan 
flow has also been considered responsible for the Saharan dust 
supply” 74; but this wind system contributes a heavy dust load 
only to a limited offshore range (Fig. 16)'°**. These sediments 
originate from the northwestern fringe of the Sahara: they are 
characterized by the prevailing chlorite, illite in the clay fraction 
and pale quartz'”'*°°. Furthermore, the Trade Winds tend to 
convey the fallout from the Harmattan dust plumes towards the 
south-west. The dust load supplied by the Trade Winds during 
the winter** is not well recorded by the sediments in the relevant 
parts of the equatorial Atlantic'?** and obviously has minor 
importance. 


Sediment distribution 


The modern dust fallout over the subtropical area of the North 
Atlantic Ocean is documented by 84 sediment-surface samples, 
each of which represents a record of the past 500-2,000 yr. The 
terrigenous sediment fraction >6 um was analysed (on a 
carbonate and opal free basis) for 15 0.33 phi-grade size frac- 
tions”. The grain-size percentage values, which were weighted 
for their respective proportions of fine silt and clay <6 um, were 
row-normalized and Q-mode, rotated principal components 
(factor) analysed”. The resultant grain-size assemblages 
(factor numbers 1, 2, 3, and 4) which account for 99% of 
variance, are centred around 11, 24, 74 and 45 um modal sizes 
respectively. Although the terrigenous fraction offshore West 
Africa has at least three major sources (the loads from the 
Harmattan and Trade Winds and the rivers), the Harmattan dust 
dispersal is the dominant contro! underlying the regional! dis- 
tribution of the grain-size factors 1, 2, and 4. Factor 3 (4.5% of 
variance) seems to reflect bottom-water transport (characteristic 
samples see Fig. 2). 

The weighted silt grain-size assemblage of factor 2 (24-pm 
mode) is characteristic for sediments formed by loess-like prox- 
imal dust falls which occur at distances of <800—1,000 km from 
the continental source” (Fig. 14). The sickle-shaped maximum 
of factor 2 at 18°-26°N matches the similar maxima of the 
grain-size fraction >6 um (ref. 19), of quartz” and of kaol- 
inite™™ t, It is highly unlikely that bottom currents produced 
these features. The sickle pattern does not match any of the mud 
wave zones reported for this general area“**”, It can be assumed, 
therefore, that the sickle shape corresponds to the prevailing 
trajectory of dust plumes in the Saharan Air Layer during the 
summer. In the factor 2 pattern the centre of the dust outbursts 
from the coast apparently corresponds to a narrow latitude 
band, 16°-21° N, which would mark the present average north- 
ernmost position of the ITCZ. Note that transportation in both 
the surface Trade Wind layer and the oceanic currents only 
slightly affects the distribution of the Harmattan-supplied dust 
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n the deep-sea sediment. The sickle-shaped depositional 
yatterns derived from different grain sizes’* are largely 
songruent and do not depict a strong influence of the Trade 
Wind direction. Presumably, the ineffectiveness of ocean 
‘ransport is largely due to a coarsening of the dust grain sizes 
slose to the sea surface because of the formation of faecal 
rellets*”. 

The pattern of factor 2 also reflects the depositional patterns 
»f the complementary fine-sediment fractions (factor 1: 11-ym 
node). These are derived from two sources. First, the dust 
discharge contributes the predominantly fine fractions which 
-emain after long-distance transport, both to the more remote 
areas of the Atlantic and to a sector 21°-24° offshore. Second, 
they are derived from fluvial sediments close to the continental 
margin (Fig. 15). River supply is indicated, for example, by an 
excess of fine-grained material <6 pm in the basically bimodal 
grain-size distributions'***, such as those occurring in small- 
scale, lobate areas off the coasts of Senegal, Guinea and south 
Morocco. Complementary evidence comes from abundant plant 
fibres and well preserved faecal pellets in the coarse fraction of 
the sediment. 

However, the modern dust supply from the Trade Winds 
(Fig. 1a) which is the third major sediment source in areas that 
are close to the coast, cannot be separated from the present day 
Harmattan dust in our grain-size analysis. Only additional 
petrographical evidence (abundance of chlorite, illite, and pale 
quartz) can distinguish the proper Trade Wind load from the 
Harmattan discharge. As a result, modern dust deposits of 





Fig. 1 a, Lower mid tropospheric flow patterns and u 
during July'''*. Soil classification (oblique hatching) 
summer position of the inte 


(grain-size assemblage of Q-mode factor 2) in North Atlantic se 


Saharan/Sahelian dust. (b, Present; c, climatic optimum a 
Wind dust supply '7:'*° is surrounded by a broken line. e, 


lines of north African dust. Wind speeds derived from equation (1)inms 
excess of clay fraction (<6 pm) are hatched. (e, Present; f, last glacial maximum at 


nderlying Trade Winds associated with an Easterly Wave and a Saharan air outbreak 

illustrates some source areas of lateritic trace particles. ITCZ, indicates the average 
rtropical convergence zone at the surface. b, c, d, Distribution of the weighted terrigenous silt mode around 24 pm 
diment samples indicating the dispersal pattern of proximal south 
t ~6,000 yr BP; d, last glacial maximum at ~18,000 yr BP.) Area with dominant Trade 
f, Distribution patterns of l/ (uz) (equation (1)) (small numbers) and the major flow 


ordinary Trade Wind origin are confined to a small sector 20° to 
more than 25° N offshore (Fig. 1b). The Trade Winds are also 
reflected in the sediments by the coastal upwelling activity that 
centres in this region’ ’. 


Deduction of wind speeds 


Parkin’? developed the principles of a technique which relates 
the grain sizes of aeolo-marine dust deposits to the strength of 
the aeolian transport. We have developed this technique“ and 
applied it to our sets of grain-size data to estimate the regional 
patterns of both the present day and late Quaternary wind 
‘speeds’ off North-west Africa. 

Calculations here are based on several assumptions: for 
example that the different wind directions and their correlated 
dust qualities can be distinguished. Furthermore, we assume 
that the initial grain-size distribution 5V(/,)/SD (where V= 
volume of dust per air unit; D = grain diameter; lọ = zero trans- 
port distance) is proportional to 1/D (ref. 33). Wolter’* cal- 
culated possible examples and concluded that deviations from 
this function are not critical for the order of magnitude of the 
results. Finally, the grain-size spectrum in the air can be deduced 
from the grain-size distribution in the deep-sea sediment’ >? 

The wind-speed calculations begin with the mass-balance 
equation of aeolian-dust transport 


u V/8D —(u(8V/8D +8/8I(8V/8D)dl))— wôV/ôD = 0 (1) 


(where u is the horizontal wind ‘speed’, / is the dust-transport 
distance, and w is the dust particle terminal fall velocity). In 


a 
be 


AFR 


40° 30° 20° 10° 


-1 (large numbers). Areas with fluvial sediment deposition shown by an 
~18,000 yr BP.) Width of arrows gives a rough estimate of dust 


quantities supplied (according to sedimentation rates ). 
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Fig. 2 Grain-size distributions of terrigenous silt classified into 

grain-size assemblages (Factors 1, 2, and 4) as defined by Q-mode 

analysis. Percentages (+) indicate the fraction <6 um. Sample a, 

fluvial mud off Cape Verde (14° N, 19° W); sample b, Harmattan 

dust; sample c, synglacial proximal Trade and Harmattan Wind 
dusts (samples b and c off Mauritania, 18° N, 18° W). 


equation (1) unidirectional dust input is balanced by uni- 
directional dust output and the gravitational dust fallout from 
the turbid volume of air. By integration, we can relate for each 
individual sample and for two arbitrary grain-size diameters, the 
gradient 5V/5D of the grain-size spectra in the air plume to the 
term //(uz): 


= n (SV(D1)/8D)/(8V(D2)/6D) (D/D) 
k(D3—D}) 


where z is the thickness of the turbid atmospheric dust layer 
which is 4 km on the average”, and k equals the viscosity of the 
air. 

Basically, any grain-size pair can be used in equation (2). A 
decrease of errors with increasing diameter, is suggested by 
error analysis‘* using the redundancy of the information 
contained in the large data set now available. However, the grain 
diameters that occur on the extremely coarse tail (>50 um) of 
the dust grain-size distribution have a high degree of statistical 
inaccuracy. The diameters D, = 16 um and D,=40 um gave 
optimum accuracy. 

The areal distribution of the //(uz) values (Fig. 1e), clearly 
reflects the pattern of proximal river supply and of dust dis- 
tribution by the Harmattan and Trade Winds and therefore 
confirms the features that were found by Q-mode analysis 
(Fig. 15). Modern dustwind ‘speeds’ estimated from equation 
(2) were characterized for two major streamline systems. They 
reach values of almost 20 ms™ with a maximum of about 
25 ms in the right turn of the northern anticyclonic branch of 
the Harmattan, that is, in the dust vortex (Fig. le). A low ‘speed’ 
of only ~8 m s™* occurs in the southern branch of the Harmat- 
tan, in the wake of the Easterly Waves. In addition, the ‘speed’ 
of the Trade Wind was estimated to be ~14 ms”! 21°-25°N 
offshore both from the sediments and from direct surface 
measurements”. 


Fossil record 


The Q-mode analysis” and, to some extent, the dust-transport 
equation (2) was applied in an investigation of the variability of 
the depositional regimes that are represented by late Quater- 
nary aeolo-marine dust sediments. The latter were from 32 
deep-sea cores sampled in the subtropical area of the eastern 
Atlantic. They provide a continuous record of the atmospheric 
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circulation and extend beyond 50,000 yr BP (ref. 26). Two time ` 
slices were selected from this set of data to contrast the last two 
climatic extremes with today’s climate. The chronostratigraphy 
is based on 5'*O and foraminiferal ecostratigraphic curves ®” 
which were calibrated by '*C dating up to >40,000 yr BP. The 
sources and modes of transport of the late Quaternary ter- 
rigenous sediments were inferred from their analogy with 
modern depositional patterns. 

In a time slice of 6,000 yr BP which corresponds to the end of 
the last climatic optimum, the coarse proximal dust sediments 
(factor 2: ~24 um) have been replaced largely by fine-grained 
material (complementary factor 1: ~11 jm; Fig. ic). itis o 
derived from long distance’ dust transport and, close to the 
continent, from an extensive fluvial supply of mud where ; 
excess of clay is observed in the bimodal grain-size dis- a 
tributions'*°. Its widespread and typically small scale lobate. 
distribution means that the dust-transport equation (2) cannot 
be applied to this time slice. The deposits from both the Trade 
Wind dust and the coastal upwelling*’** have disappeared 
almost completely, which indicates a considerably weaker 
meridional surface-wind component from NNE. However, the 
Harmattan-related dust outbursts continued to be active but 
were reduced, and the positions of their centres remained 
unchanged at ~16°-20° N. 

Sediments resembling any present-day river supply were 
absent from 10°-12° N to north of 28° N during the last glacial 
maximum at 18,000yrBP. Abundant sediments of the 
Harmattan-dust type then widely dominated the sedimentation 
pattern (Fig. 1d) but the coarse fallouts (24-um silt mode) 
hardly penetrated further west than they do today. In spite of the 
reduced sample coverage, the resemblance of the sickle-shaped 
dust pattern to the modern one is obvious. It parallels the 
modern course some 300km further south. Adjoining the 
northeastern area, a fringe of even coarser grain sizes (factor 4: 
~45 um) extended up to 200 km off the coast 18°~27° N, This 
sediment differs from the Harmattan load and contains 
dominant illite in the clay fraction, with unstained quartz north 
of 20°N (Fig. 1d). By analogy with modern deposits, this 
material may be regarded as aeolian dust and as related to an 
intensified glacial Trade Wind regime from NNE?‘ 

Applying the dust-transport equation (2) to the grain-size 
data from 18,000 yr BP (Fig. 1f), suggests that the zonal dust- 
wind ‘speeds’ were considerably less than those of the present 
day (Fig. 1e). On the northern branch of the Harmattan, these 
decreased from 20-25ms"' to ~i2ms '; on the southern 
branch in the wake of the Easterly Waves, they decreased from 8 
to 5ms”'. On the other hand, the 18,000 yr BP Trade Winds 
with ‘speeds’ of 20 ms _' seem to have been much stronger than 
at the present and this has been noted also for other parts of the 
world’??3°, These winds induced a vigorous coastal upwelling 
(as indicated by the associated high oceanic fertility’'*°) and 
they conveyed the fallout from the high altitude dust-loaded 
Harmattan-dust vortex further towards SSW. Trade Winds 
transported these particles according to their grain size over 
distances of up to several hundred kilometres. 

However, the actual centre of the Harmattan dust outbursts 
from the African continent did not move southwards: its posi- 
tion during glacial times must have been similar to the present 
day, remaining constant at 15°-20° N. This can be deduced from 
the persistently similar composition of the dust deposits south of 
20° N, with dominant kaolinite in the clay fraction, and with 
reddish quartz, both of which are particularly characteristic of 
the Harmattan supply”. 


Conclusions 


Our results on the three-dimensional dust transport systems 
have a direct bearing on the mechanisms of climatic change 
affecting the late Quaternary and present Saharan arid belt. The 
latitudinal position of the Harmattan-dust trajectory remained 
constant and this implies an on the long-term average constant 
summer position of the ITCZ and also of the adjacent upper-air 
high-pressure system over the western Sahara throughout 
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glacial and interglacial times. This stable pattern compares very 
well with the (summer and winter) position of the North Atlantic 
subtropical water mass as found in the planktonic foraminiferal 
record*'. In the late Quaternary, both the northern boundary of 
this water mass and the associated west-wind drift zone, 
remained almost persistently stable west off Portugal. They 
hardly ever moved southwards, even during the glacial maxi- 
mum with its extensive southward expansion of the North 
Atlantic polar water. Hence, it should not be the tropical but the 
Mediterranean and temperate zones which appear to be the 
climatic belts that are squeezed and expanded by the varying 
extension of the north-polar ice cap. Thus a mechanism of 
shifting climatic belts'* can no longer explain the contrasting 
widespread glacial aridity and interglacial wetness all over 
North-west Africa, as recorded by fluctuating amounts of 
groundwater recharge**, fluvial sediment supply to the ocean 
and by the varying extent of dune fields on the continent’. 
Rather, the climatic changes are related to the varying strength 
of the tropical disturbances and the varying supply of water 
vapour from the equatorial Atlantic“. For example, 
decreased zonal winds are inferred from the weakened glacial 
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dust flow in the wake of the Easterly Waves. The variable 
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primary factor in the changing degree of wetness. This increased 
from almost zero during the Holocene climatic optimum to 
>20 ms™' at 18,000 yr BP. It then had to compensate for the 
strong and increased meridional temperature gradients’’”°. 
Such a figure is consistent with the models of Manabe and 
Hahn“ and Newell et al.*” which postulate a glacial increase of 
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seif dunes in the Sahel zone*’-**. Finally, the Trade Winds 
control the intensity of the oceanic upwelling and the correlated 
water-vapour and CO, budgets*’**. Our results suggest that the 
mechanisms controlling the climate in North-west Africa during 
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optimum. 
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The three active a-globin genes of the mouse are physically linked ata locus little more than 25 kilobases long. These genes 
form a part of an unexpectedly large and dispersed multigene family, including at least two pseudogenes located on two 
different chromosomes. This finding suggests that related gene sequences can be dispersed from their primary loci and that 


their dispersion may be a critical factor in the evolution of higher organisms. . 





ONE of the reaffirmed lessons of genetics is that genes move, 
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One might have expected the a-globin genes of the mouse to 
conform to this model; there are two adult a genes (a-ad/1 and 
a-ad2) and one embryonic gene”! as well as two closely- 
related pseudogenes*'*'*. One of the pseudogenes has a novel 
structure in that it has lost its two intervening sequences in strict 
accordance with the GT/AG rule of RNA splicing'*"*. The 
other pseudogene is intact and still closely resembles its 
active, adult counterpart’. In an attempt to understand the 
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responding to the second adult œ gene and to the embryonic a 
gene. These genes were cloned in the vector AgtWES using 
standard techniques'*'’. The two adult genes and the single 
embryonic gene were then linked to each other on a physical 
map by cloning overlapping fragments of DNA from phage A 
libraries that incorporated partially digested restriction enzyme 
fragments of BALB/c mouse genomic DNA". 

The three genes were arranged into a physical map using 
restriction endonuclease digestion and fragment cross-hybrid- 
ization. The map is shown in Fig. la; an a-embryonic sequence 
(a-emX ) is closest to the 5’-end followed by a-ad! and a-ad2. 
The active genes are located within a ~25-kilobase (kb) region. 
The embryonic a gene was located using cross«hybridization 
with a cloned cDNA fragment corresponding to the human 
embryonic a mRNA, as it does not share sufficient homology to 
allow cross-hybridization with the adult gene. The embryonic a 
| gene was then identified within the cloned fragment using 

TEN electron microscopy to visualize the R-loop created when the 
| gene was annealed to mRNA derived from nucleated embryonic 





N red cells (Fig. 2). (The embryonic gene neither formed R-loops 
Pain nor cross-hybridized with adult globin mRNA in in situ hybri- 
Se ge dization analyses (data not shown).) 


A comparison of the R-loop structures formed between the 

a embryonic and adult genes and their respective mRNAs is 
toe shown in Fig. 2. The two genes show intervening sequences of 
: different size, the adult gene having a classical structure 
(indicated in Fig. 2b) with two small intervening sequences; the 
embryonic gene has a larger intervening sequence of ~600 base 
pairs (bp) near its 5’ end. A second intervening sequence cannot 


Fig.1 Physical maps of the a-globin gene and pseudogene loci. a, 
Representation of a 40-kb long sequence encoding the a-emxX, 
a-adI and a-ad2 genes. b Represents the a-y3 locus, the ‘splice- 
less’ pseudogene, and c the a-W4 locus. Filled boxes represent the 


location of each indicated gene; the enlarged diagram above each 
gene represents the distribution of the coding (open boxes) and 
intervening (single lines) sequences. The embryonic gene (a-emX) 
is shown with jagged borders along its coding sequence as it 
represents a putative rather than an established structure. This 
hypothetical representation is based on electron microscopic 
analysis and the expectation, by analogy to other active globin 
genes, that a second intervening sequence will be found (see Fig. 2). 
The clones used in mapping are indicated underneath, with the 
restriction sites for EcoRI (——) and BamHI {+}. The EcoRI 
fragments were cloned in the AgtWES vector!’ after isolation by 
preparative gel electrophoresis'®. Established techniques were 
used for hybrid phage packaging”? and clone identification**. The 
overlapping clones were derived from a A Charon 4A library 


be visualized within the embryonic gene, but such an inter- 
ruption, especially if it is less than 100 bases, may become 
apparent on sequencing the gene. The orientation of the genes 
within the fragments was determined by direct nucleotide 
sequencing in the case of a-ad2 (A.L., unpublished results) and 
by in vitro transcription of the gene in the case of a-emX (C. 
Talkington and A.L., unpublished results). 

Efforts to extend the map of the active locus so as to locate the 
two a pseudogenes, a-w3 and a-w4, were unsuccessful. The 
pseudogene maps were determined by analysing partial restric- 
tion fragment libraries (see Fig. 1), c), but did not overlap with 
any fragments located at the active a locus. Rather than extend 
the map further, we used the technique of chromosomal map- 


formed by attaching EcoRI linker sequences to a partial Haelll 

digest of BALB/c mouse DNA by the method of Maniatis et al. 18. 

The open circles at the ends of each library clone are synthetic 

EcoRI sites. The sequences indicated by A refer to deletions that 

have occurred in the hybrid phage as a consequence of cloning and 
phage propagation. 


ping in mouse x Chinese hamster hybrid cell lines'® to ensure 
that, at the very least, these genes would be located on 
chromosome 11, known to be the site of the adult and embryonic 
a genes’. This hybrid cell technique has been used successfully 
for mapping several mouse and human genes™! ”, 


evolutionary origin of these genes and the mechanisms respon- 
sible for their amplification, we use recombinant DNA tech- 
niques to draw them into a coherent physical map. We describe 
here the cloning and physical arrangement of the adult and 
embryonic a-globin genes of the mouse and show that two a 
pseudogenes are dispersed away from the active locus from 
which they probably arose; they map on different chromosomes. 
While several mechanisms can account for the dispersion of 
these genes, the structure of the splice-less pseudogene is easily 
explained by imagining that it was conveyed to its new location 
via an RNA intermediate, possible a retrovirus'*, The intact 
pseudogene may have been conveyed by more conventional 
transposition. 


Physical map of the active a-globin 
gene locus 


The BALB/c mouse produces two a-globins that appear in the 
adult organism, as well as a single embryonic a-globin that 
appears only in the fetus”. The two adult a-globins differ from 
one another at a single position, one having a serine, the other a 
threonine, at position 68 (ref. 15). We have previously cloned 
and determined the entire structure of the a-globin gene that 
encodes serine 68 (ref. 11). We have now used gene purification 
procedures’® to isolate and clone the EcoRI fragments cor- 





Fig. 2 Electron microscopic visualization of embryonic (a) and 
adult (b) a-globin genes. Genomic DNA fragments and mRNAs 
were purified and prepared for electron microscopy as previously 
described'°. mRNAs were prepared from adult reticulocytes and 
from nucleated, 11-day-old embryonic yolk sac red cells. The 
diagrammatic representation of each R-loop is shown beneath 
each electron micrograph; the thick line represents double- 
stranded DNA, the thin line is the displaced DNA strand, and the 
dotted line indicates the RNA strand of an RNA/DNA hybrid. 
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Fig. 3 Detection of a-globin-like gene sequences in mouse Xx 
Chinese hamster hybrid cell lines. Samples (30 ug) of hamster 
(CH), mouse (Mo) and hybrid cell line (7A13-8, lane 1; 2A-1, lane 
2: 2A-2, lane 3; 4A6-4, lane 4; BEM1-6, lane 5; 6D3 Az, lane 6; 
Ecm4e, lane 7; and 4B31Az3, lane 8) DNA were digested with 
EcoRI. fractionated by agarose gel electrophoresis and transferred 
to diazotized paper as described elsewhere’. Fragments contain- 
ing the a-like globin sequence were detected by hybridization to 
four different probes: a-ad/, mixed Hha fragments representing 
the 5' and 3' coding and flanking portions of the adult gene’ . a-w3, 
the cloned EcoRI fragment shown in Fig. 1b: a-w4, the cloned 
EcoRI fragment shown in Fig. 1c; and a-emX, the cloned EcoRI 
fragment shown in Fig. la. 
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a Genes and pseudogenes are located 
on different chromosomes 


To determine the chromosomal location of the pseudogenes, we 
obtained hybrid cell lines between mouse and Chinese hamster 
that retained various numbers of mouse chromosomes’. The 
chromosomal content of each cell line was determined from cell 
samples taken for this analysis. The results are shown in Table 1. 
DNA samples isolated from nine mouse x Chinese hamster 
somatic hybrid lines were digested with the restriction 
endonuclease EcoRI and analysed using the in situ hybridization 
technique of Southern**. DNA probes were made correspond- 
ing to a-ad1, a-wW3, a-W4 and a-emX (see Fig. 3 legend). The 
results are shown in Figs 3 and 4 and are summarized at the 
bottom of Table 1. The adult and embryonic gene sequences 
only hybridize to DNA from the mouse, as none of the hybrid 
cell lines contain chromosome 11. However, the a-y3 and a-/4 
genes hybridize to several of the cell lines, indicating that the two 
genes are on different chromosomes and that neither is on 
chromosome 11. These data are consistent with the location of 
the a-w3 gene on chromosome 15 and the a-y4 gene on 
chromosome 17. Note in Fig. 3, lane 7, that DNA from a cell line 
which contains only mouse chromosomes 14 and 15 is shown to 
contain only the a-w3 gene. This gene is also present in DNA 
from a cell line having no mouse chromosome 14 (lane 1). Note 
also that Fig. 4, lane X, shows DNA from a cell line having only 
mouse chromosome 17 that contains the a-y4 sequence alone. 





What mechanism is responsible for 


moving the pseudogenes? 

In view of the sequence homology between the active genes and 
pseudogenes (refs 2, 11-13 and Y. Nishioka, J. Maizel and P.L., 
unpublished), it is reasonable to imagine that the pseudogenes 
arose at the a locus by a gene duplication event and were, for a 
time, active at that locus’. Their dispersion to other 
chromosomes could have occurred by various mechanisms, 
including transposition, chromosomal translocation, copy 
insertion or tetraploidization. Indeed, tetraploidization seems a 
plausible mechanism to account for the separation of the a- and 
B-globin genes which reside on a single chromosome in am- 
phibia*’, but on separate chromosomes in higher genera. In the 
case of the mouse a pseudogenes, however, translocation and 
tetraploidization seem unlikely, given the isolated nature of 
these dispersed sequences. Copy insertion remains a feasible 
mechanism, although there is no precedent for this in verte- 
brates. 

Given the above, transposition, the conveyance of a DNA 
fragment from one chromosomal location to another by a 
specific mobility element, can be considered a likely mechanism, 
especially in the case of the a-W3 pseudogene. Several studies 
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Fig. 4 Detection of a-ų4 gene in a 
mouse X Chinese hamster hybrid cell line 
containing only mouse chromosome 17. 
The experiment was carried out as 
described in Fig. 3 legend. The lanes show 
DNA taken from the following sources; 
X, hybrid cell line R44.1; CH, Chinese 
hamster; MO, mouse. Negative controls 
used: a-ad] and a-emX probes (not 
shown). 
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Table 1 Hybrid cell lines and controls tested for a-globin genes and pseudogenes 

















Lane” 1 2 3 4 5 6 ! 8 X 
Mouse Chinese Mouse 
chromosome no. 7A13-8 2A-1 2A-2 4A6-4 hamster A/HeJ BEM1-6 6D3Az Ease 4B31Az3 R44.1 

l 62 53 48 - + 61 

2 93 85 90 79 - 103 12 

3 22 - + 94 

4 38 43 - + 97 l4 

5 S 2 - + 

6 48 50 69 79 = + 197% 

7 52 69 69 79 - + 13 857 

8 27 33 - . 87 6 

y 32 58 65 - : 23 

10 35 51 - 27 

11 + 

12 36 81 73 - + 74 

13 36 4 22 - + 77 3 

14 62 82 - + 103 100: 6 

15 68 77 90 154 - + 174 100° 12 

16 73 80 86 - + 87 12 

17 60 69 82 - $ 87 1657 100% 

18 15 19 55 l + 55 597 

19 36 69 82 107 126 s50 

X 46 41 107 — + 1857 
Probes Reaction with probes 
a-ad1/2 n - - = - + ~ - - - 
a-emX P - - = - + - 
a-u3 + + + + = 4 $ = + + NT 
a-wd + + + = — + + n 4 + 
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Mouse chromosomes were identified in metaphase spreads prepared from hybrid cells, and subjected to combined trypsin-Giemsa-Hoechst staining technġues. The 
number shown is the mean number of copies of the chromosome per 100 cells. NT, not tested. 


* See Fig. 3, 
* Includes copies of the chromosome occurring in the form of translocations. 
+ Chromosome presence determined by thymidine kinase selection. 


have shown that the murine retroviruses are formally analogous 
in structure to bacterial and yeast transposons (for review see 
ref. 27). Furthermore, genomic DNA that has been taken up by 
certain retroviruses seems to have lost its intervening 
sequences'*** | a property also shown by the a-w3 pseudogene. 
This similarity prompted Goff et al.'* to suggest that such a 
splice-less pseudogene might have been formed during its con- 
veyance as part of a retrovirus sequence. Because a-w3 retains 
sequence homology to the normal a-globin gene in the region 5’ 
to the site of transcription initiation'’, it is unlikely to have 
been incorporated into a retrovirus as a cDNA copy of the globin 
mRNA, but rather as a genomic fragment. Such an integrated 
genomic fragment could then have been copied into viral RNA 
and subsequently acted on by the RNA splicing enzymes before 
being reintegrated into a germ cell chromosome as a part of the 
retrovirus sequence. In support of this notion. recent pre- 
liminary studies carried out by us, in collaboration with Kira 
Leuders and Edward Kuff, indicate that retrovirus-like A par- 
ticle sequences” are encoded within a few thousand nucleotides 
of this gene. 

What about the a-y4 sequence? This gene has retained its 
intervening sequences and there is no compelling reason to 
assume that it has passed through a retrovirus during its evolu- 


tion. Of course, transposition elements are likely to exit in other 
than retrovirus form and such sequences may hive been 
responsible for the conveyance of this gene with its iitervening 
sequences retained. If the transposition model is cerrect, it is 
possible that these sequences will be found iy different 
configurations, conceivably on different chromosones, in other 
strains of mice. Furthermore, it is possible that tranposition of 
this gene could be followed in cultured somatic cell), just as the 
transposition of copia sequences was followed in sonatic cells of 
Drosophila”. 

One further implication of the dispersion modelis that there 
should be many more copies of a-globin sequences possibly also 
dispersed throughout the mouse genome. To begn to test this 
possibility, we have used an adult a-globin cDNA clone™ to 
detect a family of more distantly related globin quences that 
might be present in the mouse genome. We tsed a highly 
sensitive technique involving the two-dimensiona separation of 
EcoRI-digested fragments of the mouse genomé that could be 
detected by in situ hybridization”. This teanique allows 
greater resolution of fragments and allows abait 10 times as 
much DNA to be loaded onto the nitrocelludse strip, thus 
amplifying the signal obtained from weakly lwbridizing gene 
sequences. Ordinarily, the globin cDNA prove detects four 





Fig.5 Detection of cross-hybridizing EcoRI endonuclease fragments of genomic mouse DNA distributed by two-dimensisnal chromatography 
and electrophoresis. BALB/c mouse genomic DNA was digested with EcoRI restriction endonuclease. fragments wereseparated by RPC-5 
column chromatography and subsequently by agarose gel electrophoresis (1% agarose) and transferred to nitrocellilose strips for in situ 
hybridization as described elsewhere’*. The related fragments were detected using a mouse a-globin cDNA probe™' that was labelled to a specific 
activity of ~50 c.p.m. per pg of DNA. The filter was incubated in the presence of 6 x SSC at 65 °C and washed 5 times in ). 1 x SSC at 50°C. The 
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nitrocellulose sheet was sandwiched between Cronex image intensifying screens and exposed to Kodak XRP film for 4 days. Band numbers 1 and 
< represent fragments containing the two adult «-globin genes. Bands 3 and 4 represent fragments containing a3 ind awd. respectively 
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bands in a single dimension.These correspond to the two adult a 
genes and, hybridizing morefaintly, the two a pseudogenes. The 
single embryonic gene is net detected. In contrast, using the 
more sensitive two-dimensienal technique, 10 discrete bands 
are readily discerned (Fig. 5).(None of these bands correspond 
to B-globin gene-containing iragments'°.) Evidently, many a- 
like globin sequences or fragments of sequences are present in 
the mouse genome, where their further characterization will 
provide a detailed test of the generality of the gene dispersion 
model. 


An evolutionary role fer pseudogenes 


Pseudogenes appear to arise from active genes by some 
amplification event, possibly unequal crossing-over between 
homologous sequences. We furtker suggest that these additional 
gene copies remain active for a tme and begin to drift slowly in 
sequence while under selective pressure. Should a new copy 
become redundant, for example, by further amplification, it 
would be free to accumulate mutations that render it inactive for 
the purposes of its original phenotype, that is, it would become a 
pseudogene. Such pseudogenes, unless they exert a deleterious 
effect cn the organism, might be expected to remain at their 
original locus, accumulating mutational changes until they are 
no longer recognizable as descendants of their parental gene. 
However, certain other of these genes, given sufficient evolu- 
tionary tme, will be recruited again as active gene sequences, 
not necessarily for their original purpose, but for some purpose 
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which they fulfill by chance. Furthermore, as these sequences 

already carry many of the elements required for gene expres- 

sion, that is, promoter sites, splice signals, poly(A) addition sites, 

they possess a significant advantage in terms of their re-expres- 

sion. From the results described here, we see that such genes can 

be scattered throughout the genome. The finding of many 

genomic fragments that cross-hybridize to globin genes further 

suggests that the genome may be a mosaic of conveyed pseudo- 

genes at various stages of recruitment and decay, and that their 

formation and dispersion are critical factors in the evolution of 

the genomes of higher organisms. Indeed, the very recent 

description of isolated sea urchin histone pseudogenes 

(orphons) is likely to be an example of this phenomenon”, 

differing only in that the isolated histone sequence originates 

from a very large tandemly arrayed multigene family and has yet 

to be mapped with respect to the active histone locus. The 

further analogy to gene dispersion in bacteria, yeast and Droso- 

phila' provides a compelling precedent for such a general view. 
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BE Ursae Majorisis a 15-mag variable star of period 2.29 days, 
with a sinusoidal Ight curve of ~1 mag amplitude’. Recently, 
Ferguson et al.” hate drawn attention to this object, also known 
as PG1155 + 492, lecause of its UV excess and unusual spec- 
trum, which they cbserved to vary between absorption and 
strong emission ona time scale of months. Here we report 
observations which demonstrate that the spectrum of BE UMa 
is dramatically varialle on a time scale of hours and days, in 
synchrony with the 2.29-day periodic light variations. We 
interpret the system as a detached binary consisting of an 
extremely hot (T ~ 10°K) white dwarf and a cool M star, whose 
upper layers are irradiaied by the intense ionizing flux of the hot 
companion. This unique system should prove invaluable for 
measurements of the mass, luminosity and bolometric cor- 
rection of the hottest white dwarfs. 
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Our spectrophotometric observations were made on three 
consecutive nights in March 1981 and four consecutive nights in 
April 1981. The March data were obtained with 30 A spectral 
resolution in the 3,400-6,800 A range, using the intensified 
image dissector scanner at the 2.1 m reflector of the Kitt Peak 
National Observatory. The April data consist of 10 A resolution 
scans in the 3,700-6,800 A band, using the Robinson~Wampler 
image tube scanner at the 1.5-m Mt Lemmon telescope. Our 
data may be summarized by noting that one of three basic 
spectral states can describe a given observation: (1) a blue 
continuum with strong, narrow Balmer, He 1, He H and C m 
à 4,650 emission; (2) a featureless, UV-excess continuum, or {3) 
a blue continuum with strong absorption lines of He 11 A 4,686 
and a strong, but not obviously identifiable, absorption feature 
at 4,050+ 15 A. Ferguson ef al.” have seen this system in basic- 
ally similar spectral states, in observations separated by months. 
To our surprise we have on several occasions observed the 
system switch between these states on a time scale of hours. 

Figure 1 shows an example of some of the more dramatic 
spectral changes, with two spectra obtained 29 h apart (approx- 
imately one-half of the system period) displayed. In this brief 
interval the object has switched completely from the absorption 
to the emission state. Unfortunately a hardware malfunction in 
the data acquisition computer prevented us from converting 
these observations from instrumental counts to absolute fluxes; 
however, the two spectra were obtained with the identical 
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Fig. 1 Spectra of BE UMa obtained on consecutive nights, 9 
March (4).and 10 March (a) 1981. The relative intensity scale is 
linear, with the zero-point at ~7,000 A for both spectra. The 
photometric phase.of each of the observations is shown, using the 
period of ref. 1, but assigning phase 0 to minimum light. 


instrumental configuration and thus the slopes can be compared 
directly. There is no dramatic colour change associated with the 
spectral transition; the system may become slightly less UV in 
the emission state. Perhaps even more surprising, the emission 
lines occur near the phase of photometric maximum. This is in 
complete contrast to the cataclysmic variables’, whose spectra 
bear at least superficial resemblance to BE UMa in the emission 
state*. In the cataclysmics, featureless or absorption spectra are 
normally associated with the photometric outbursts and emis- 
sion spectra with the quiescent periods’. 

The spectral line strengths in Fig. 1 are of particular interest. 
The very prominent absorption line near 4,050 (equivalent 
width 3 A) confirms the observation of this feature by Ferguson 
et al.*. These authors speculated that it may be spurious in their 
data, partly because such a prominent feature has no obvious 
identification. We have seen this feature on several nights, and in 
some cases (see Fig. 1) it is the strongest feature in the spectrum. 
We can offer no new clues as to the origin. One of the more 
peculiar spectral features noted by Ferguson et al.” is that the 
C in 44,650 line appeared as the strongest emission line in the 
entire spectrum, exceeding even the Balmer lines and Hel 
à 4,686. Although we have one observation where this is also 
true, most of our spectra show A4,650 at ~ 0.8 the strength of 
~ 4,686. The surprising strength of this C 111 feature could be 
due to Bowen fluorescence pumping’, which has been observed 
to be responsible for the feature in the X ray-irradiated atmos- 
phere of HZ Her’. However, Ferguson et al. were unable to 
detect the O11 A3,444 emission line, which should then be 
prominent. We have also searched for this feature without 
success in one particularly well exposed UV spectrum and can 
set upper limits on its intensity of 20% of that of Cm. 

Figure 2 shows an interesting example of the spectral vari- 
ability of BE UMa on a time scale of hours. Three spectra 
fortuitously obtained through the photometric minimum on 11 
March, with spacings of 5 and 3h, have caught the system in 
transition from the emission to the continuous state. The entire 
transition can apparently occur on a time scale which is short 
compared with one 2.29-day period, but longer than appro- 
priate for the eclipse of a compact star. 

We have measured or set upper limits on the equivalent 
widths of the Balmer, He 114 4,686 and C1 A4,650 emission on 
26 spectra obtained over the seven nights of observation, and 
find that there is a striking correlation of these quantities with 
the photometric phase of BE UMa. Figure 3 shows these data 


folded with the 2.291067-day period determined by Kuroch-) 
kin’; note that, contrary to his phase convention, we set phase- 
zero at minimum light. Although our observations are. 
incomplete between phases 0.1 and 0.4, it can readily be seen 
that the emission strengths are sharply modulated by the period, 
with maximum strength emission. repeatedly occurring near 
photometric maximum, and the featureless and/or absorption. 
spectra occurring near minimum. We have several examples of 
spectra obtained within 1h of minimum light that definitely 
show weak emission lines; it thus seems likely that at least-on 
some cycles the emission never entirely disappears, 

The relatively long-period, ‘sinuscidal light curve’ and 
prolonged transition between spectral states (Fig. 2) all argue 
that the observed variations in BE UMa are not the eclipses of a- 
binary system. We consider instead models where the ionizing 
flux from a hot degenerate star heats a nearby companion, 
analogous to the situation observed in HZ Her/Her X-1. We 
identify the spectrum near minimum fight as due to the pho- 
tosphere of a hot white dwarf. It is implausible that the white 
dwarf’s surface is heated by an invisible companion, for it 
intercepts only 10°° of the companion’s radiation, and a 
companion 10” more luminous than the white dwarf would be 
detectable in some region of the spectrum. ; 

More promising are models where the white dwarf’s intense 
ionizing flux heats the facing photosphere of a cool red dwarf 
companion. Minimum light of BE UMa then corresponds to 
inferior conjunction of this cool star, and the visual spectrum is 
dominated by the white dwarf. Maximum light corresponds to 
observation of the irradiated face of the cool companion, and the 
strong emission spectrum is due to reprocessed radiation from 
the white dwarf. A consistent model, where the cool star is not 
easily detectable in the visual region, may be obtained with a 


0.7 Ms then imply that the cool star intercepts 107° of the white 
dwarf’s radiation. To explain the observed 1-mag photometric 
modulation, the re-radiated power must exceed the visible 
radiation from the white dwarf. Thus, depending on the 
reprocessing efficiency (which is probably not very different 
from unity), the bolometric correction (BC) for the white dwarf 
must approximately cancel the 10° dilution of ionizing flux, 
implying BC ~ ~7.5 mag. Model atmospheres with white dwarf 
surface gravities*’ yield this BC for T ~ 10°K. We thus infer that 
BE UMa contains one of the hottes: known white dwarfs, 
consistent with the observed very steep UV spectrum’. The 
(uncertain) distance of such a system would be of order 150 pe. 

Our model explains both the sharp, intense emission spectrum 
and its pattern of variability. The reprocessing o¢curs chiefly in 
emission lines because the ionizing UV radiation is absorbed 
high in the cool star’s atmosphere, a situation resemblin g the soft 
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Fig. 2 Three spectra observed on 11 March 198 1, during a 
transition from the emission to the absorption state. The data have 
been converted to absolute fluxes by observation of spectropho- 
tometric standard stars. The universal time and photometric phase 
of each of the observations, which are typically of 40 min duration, 
are shown near each spectrum. The right-hand intensity scale - 
applies to the middle spectrum. l 
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Fig. 3 The variation of emission line equivalent widths of BE 

UMa with photometric phase; slightly more than one cycle is 

shown for clarity. Observational uncertainties are ~ +1 A in 
equivalent width. 


X ray-heated atmosphere of Sco X-1 rather than the hard 
Xray-heated HZ Her. The emission line intensities vary 
continuously with the aspect of the red dwarf. If the inclination is 
not very close to 90°, as is likely on purely statistical grounds, 
then some emission is expected throughout the orbital cycle, as 
is indeed observed. The red dwarf underfills its Roche lobe by a 
factor of ~ 5 in radius, so there is no reason to expect mass 
transfer. Thus the dissimilarities of BE UMa from cataclysmic 
variables” (for example, lack of flickering, narrow emission lines, 
unusual UV spectrum) are readily understood. One may wonder 
about the probability of one of the hottest known white dwarfs 
occurring in a close binary system. However, observational 
selection is surely an important factor, as it is exactly such 
systems that call attention to themselves through spectacular 
variable heating effects. 

Our analysis implies several testable predictions. Detailed 
modelling of the UV and near IR data’ must be compatible with 
the presence of the hot white dwarf and the M dwarf. We predict 
that the emission line spectrum will show periodic radial velocity 
variation of amplitude 2 100 sin i kms‘, with velocity extrema 
near photometric quadrature. The white dwarf absorption 
spectrum should show an anti-phased velocity variation of about 
half this amount, with the amplitude more sensitive to the 
uncertain mass of the M star. Sufficiently sensitive radial velocity 
observations may detect the white dwarf’s gravitational redshift 
through a difference in the systemic velocities of the absorption 
and emission lines, thus adding BE UMa to the very select group 
of white dwarfs with measured masses. Independent (but 
uncertain) mass estimates may also become available through 
combining the observed radial velocity data with limits on the 
inclination derived from modelling the light curve and pattern of 
emission line equivalent width variations. 

The evolutionary status of BE UMa presents several interes- 
ting questions. The white dwarf has presumably recently lost 
considerable mass to reach its current state, yet there is no overt 
evidence for this mass in the form of nebulosity’. If the mass was 
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captured by the cool companion, the main sequence mass- 
radius relationship may not apply to that star, raising the possi- 
bility that the object is oversized for its temperature, and 
requiring a somewhat less extreme bolometric correction for the 
white dwarf. If the cool star is more massive than we have 
supposed, subsequent evolution could produce a cataclysmic 
variable. Systems whose cool star is more luminous than the 
present case would not be readily recognized as peculiar. BE 
UMa may thus be a recently formed member of that elusive class 
of objects, the cataclysmic variable progenitors. 

Thus, we find BE UMa to be a unique hybrid of previously 
studied close binary systems with degenerate companions. 
Unlike the cataclysmic variables, there is probably no significant 
mass transfer, thus allowing eventual detailed modelling of the 
system. Heating effects are far more prominent than in pre- 
viously studied hot white dwarf/red dwarf close pairs such as the 
extreme UV source Feige 24 (refs 8-10), which has a 4.2-day 


_ period. The ratio of ionizing-to-optical flux in BE UMa is similar 


to that in HZ Her/Her X-1, but in that system the heating occurs 
deep in the photosphere, leading to only subtle phase depen- 
dence of the spectrum rather than the very large amplitude 
effects observed here. It seems likely that BE UMa will figure 
prominently in future studies of the curious properties of stellar 
photospheres irradiated from above by a copious ionizing flux, 
as well as in the derivation of the mass, luminosity and 
bolometric correction of the most extreme end of the white 
dwarf luminosity function. 

We thank D. Ferguson and J. Liebert for sharing their data 
before publication, E. B6hm-Vitense and P. Szkody for useful 
discussions, and the NSF for financial support. B.M. and R.A.D. 
were visiting astronomers at the Kitt Peak National Obser- 
vatory, which is operated by AURA for NSF; J.LK. and B.M. 
are Alfred P. Sloan Foundation Research Fellows. 
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The unusual extended X-ray source G109.1—1.0 (ref. 1), dis- 
covered with the Einstein Observatory’, looks like a supernova 
remnant (SNR) and is of particular interest because it contains a 
point source 1E2259 +586, from which a long curving arc of 
emission appears to extend, joining smoothly with the outer 
edge of the diffuse emission. We have now analysed the photon 
arrival times for the point source. (The point source was pre- 
viously’” designated as GF2259 + 586; here we will use the 1E 
designation adopted by Tuohy and Garmire*.) We conclude that 
the point source is an X-ray pulsar. 

The data were obtained with the Image Proportional Coun- 
ter? between 23 h 26 min 57 s UT, 7 July and 1 h 37 min 20s, 8 
July 1980. Within this 2-h time interval the data are contained in 
three distinct segments, as shown in Fig. 1. The count rate 
illustrated includes an estimated 7% contribution from the 
extended source and the general background. This time series 
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was analysed at the University of British Columbia using a 
straightforward period-folding approach. A systematic search 
for periods in the range 0.1s<P<200s8 quickly revealed a 
strongly modulated signal with a period of 3.4890 + 0.0002 s in 
the last data segment of Fig. 1. Figure 2a shows this light curve. 
The period and degree of modulation are quite consistent with 
known X-ray pulsars’. Figure 2b,c shows the light curves 
obtained by folding the two shorter data segments at the same 
period. A fixed phase pojnt was used for all three light curves, so 
the phase shift in Fig. 2 is real. Light curves obtained in different 
partitions of the third segments did not reveal any obvious phase 
shift from the average presented in Fig. 2a. 

We have also analysed the discovery observation of 17 
December 1979. These data have a much poorer signal-to-noise 
ratio because the source is located considerably off-centre in the 
field. Nevertheless, the same periodic modulation is clearly 
present. Thus the pulsation is not a transient phenomenon. 

The short period detected is consistent with the hypothesis 
that a rotating neutron star is the underlying source of the 
pulsating fux. There are three possible mechanisms for produc- 
ing the X-ray luminosity: (1) conversion of rotational energy as 
in radio pulsars, (2) accretion from the ambient intersellar 
medium, and (3) accretion from a close companion. The first 
possibility seems implausible because the period is much longer 
than is the case for the only known examples of this 
phenomenon, the Crab and Vela pulsars, and there is no radio or 
optical counterpart apparent (see below). As for the second 
possibility, if the association with the diffuse X-ray source is 
accepted, then the ambient density would be far too low to 
power an X-ray pulsar by accretion. The possibility of the point 
source being either a foreground or background object 
superimposed on the extended source is improbable in view of 
its appearance. This leaves the third possibility. Available evi- 
dence suggests that most, if not all, the X-ray pulsars (except the 
Crab) are in binary systems” and this is probably the case for 
1E2259 + 586. Indeed, it is possible that the phase shift noted 
above is due to orbital motion. However, we cannot place firm 
constraints on possible orbits until further data become avail- 
able. 

An accurate position for 1E2259+586, obtained with the 
High Resolution Imager’, is a=22h 59min 3.48, 8= 
58°36'38" (1950.0). No optical counterpart is visible at this 
position on either of the relevant Palomar Sky Survey prints nor 
on a deeper red plate obtained by D. Crampton at the prime 
focus of the Canada—France~Hawaii Telescope. A conservative 
limit on the apparent magnitude of the source is V >21. Our 
radio observations, to be discussed in detail elsewhere, place an 
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Fig. 1 The X-ray flux of the central source 1E2259 +586 on 7-8 

July 1980 shown in 100-s bins. The error bars are based on the 

counting statistics and the ordinate unit is the internal proportional 

counter count rate uncorrected for background and diffuse source 
counts. 
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Fig. 2 Light curves obtained by folding the data at the pulsar 

period of 3.4890 s. One cycle contains 10 phase bins and is shown 

twice; a is the data in the last segment of Fig. 1, is for the middle 

segment and c applies to the first segment. A common phase 

reference time was used for all three light curves. The error bars are 
the square root of total counts in each phase bin. 


upper limit of 0.5 mJy at 20 cm for any compact radio source 
coincident with 1E2259 +586. (There is a compact radio source 
~2 arc min south-west of the X-ray source but this is probably a 
background radio galaxy.) 

We know of only four other compact X-ray sources associated 
with SNRs: the Crab and Vela pulsars, the binary system $S$433 
(refs 4, 6) and a newly reported source in RCW103 (ref. 7) 
whose nature is unclear. 1E2259+586 is the only known 
accretion-powered X-ray pulsar in this group and probably joins 
S$S433 as the second binary system. This binary system clearly 
differs from SS$433. If we adopt a distance of 4.0 kpc and an 
extinction of A, = 4.0 mag (see ref. 1), then the lack of a visible 
counterpart (V #21) puts a lower limit of M, #4 min on the 
companion to 1E2259+586. This rules out a supergiant or 
massive main-sequence star and suggests that the source is a 
compact low-mass binary**®. This hypothesis is appealing 
because the short orbital periods expected in such a system may 
readily explain the short-term phase shift in the light curves 
shown in Fig. 2. On the other hand, it is not clear whether a 
binary system could evolve into a compact configuration within 
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the time interval set by inferred age for the SNR. A definitive 
orbital analysis is required to resolve this issue. 

The X-ray image suggests a continuing interaction between 
the point source and the SNR shell. The point source is an X-ray 
pulsar and, almost certainly, a member of a binary system. This 
fact will be important in understanding the origin of the inter- 
action and concomitantly, the evolution of the remnant itself. 

We thank F. D., Seward for assistance with the Einstein data. 
This work is supported by operating grants from the Natural 
Science and Engineering Council of Canada. 
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We have used a new simultaneous [R/optical high-speed pho- 
tometer on the UK IR telescope to study the recently discovered 
X-ray cataclysmic variable 1E0643.0~—1648 (refs 1, 2). The 
light curve of this object obtained by the American Association 
of Variable Star Observers (AA VSO) (T. Chlebowski, personal 
communication) has shown it to be a dwarf nova with a recur- 
rence time scale of 15 days. We report here that our photometry, 
obtained during the decline from an outburst, shows slow 
flickering, with the optical and IR light curves correlated with no 
delay. We have also obtained moderate resolution spectra of the 
star using the Anglo-Australian telescope. 

Photometry was obtained on the nights of 8, 9 and 10 January 
1981 using the 3.8-m UK IR telescope at Mauna Kea. The 
photometer uses a dichroic mirror to separate the IR and optical 
beams. The IR is fed to a solid nitrogen-cooled InSb detector. 
The optical beam is further divided by a partially reflecting 
mirror, a portion of the light being fed to a cooled GaAs 
photomultiplier tube while the remainder is available for gui- 
ding. Background subtraction for both IR and optical channels is 
provided by the UKIRT //35 chopping secondary mirror 
operating at ~5 Hz. Data acquisition is by a microcomputer 
system which records continuous data runs using integration 
times which can be as short as the chop cycle. The light curves 
are displayed in real time on a visual display unit (VDU) and 
stored on disk for subsequent analysis. 

The observations of 1E0643.0 — 1648 used integration times 
of 5 sand the filters were V (0.55 pm) and J (1.25 um). The light 
curves obtained on 9 and 10 January are shown in Fig. 1. The 
data have been binned in 25-s intervals, as this star shows little 
variability on very short time scales. A shorter run of data on 8 
January showed the star at V ~ 11.5. Thus the star faded by 0.8 
mag at V over 2 days but showed little change at J. The AAVSO 
light curve shows that the star was declining from an outburst at 
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this time. The reddening as the star declines probably indicates a 


significant contribution from the red secondary star at J. 

As previously reported'’, the star shows flickering on time 
scales of minutes in the V light curve, and we find similar 
variability with smaller amplitude at J. To study this variability 
further the data have been analysed using autocorrelation, 
cross-correlation and power spectrum techniques. The auto- 
correlation (ACF) and cross-correlation (CCF) functions, cal- 
culated according to the definitions given by Stockman and 
Sargent’, are plotted in Fig. 2. The mean and slope were 
subtracted from each data set before analysis. No correction has 
been made for the zero delay spikes in the ACFs. The power 
spectra of the light curves show no significant periodicities down 
to periods of 10 s. We can thus make the following comments. 

(1) The e-folding time of the ACFs is typically 3 to 4 min. 
This is a measure of the characteristic time scale of individual 
flares. The time scale of X-ray flickering also seems to be a few 
minutes’. 

(2) IR and optical flickering are clearly correlated with no 
significant delay between them, as indicated by the CCFs and 
their similarity to the ACFs. This sets a limit on the physical 
separation of the emitting regions responsible for the optical and 
IR flickering of ~ v Ar where v is the velocity of propagation of 
the disturbance responsible for the flickering and Aż here is 
~ 10s. If we take the conventional model of dwarf nova flicker- 
ing, in which the flickering arises in a bright spot on the outer 
edge of the accretion disk due to inhomogeneities in the 
accretion stream, then the relevant value of v is astream velocity 
of the order of a few hundred km s`™'. This gives a maximum 
separation of a few cm x 10°, which is less than the probable size 
of the bright spot and would imply that the IR and optical 
flickering regions are essentially the same. However, another 
possibility is that the optical/IR flickering arises from 
reprocessing of the X rays by the disk or secondary star. This is 
particularly plausible for this system in view of the similar time 
scales observed for optical and X-ray flickering. In this case the 
maximum separation would be c Ar which is comparable with the 
size of the binary system. 
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Fig.1 Vand J light curves of 160643.0 — 1648 observed on 9 and 
10 January 1981. 


© 1981 Macmillan Journals Lid 


Nature Vol. 2Y3 17 September 1981 








(V x J) obtained from the 9 and 10 
January light curves. 


(3) The amplitude of flickering at J is smaller than that at V. To 
estimate this effect quantitatively the data were filtered to retain 
only the frequencies associated with the flickering, and the 
regression line of J on V was fitted to the data sets. The slope of 
this line is a measure of the colour associated with the flickering. 
It was found that on both nights the flickering was 0.9 (+0.1) 
mag bluer in V-J than the system as a whole. Note that the 
colour of the flickering need not be the same as that of the 
emitting region responsible for the flickering. For example, if 
flickering is due to varying temperature in a source emitting as a 
black body, the spectrum of the source is given by the Planck 
function, but the spectrum of the flickering is given by the 
temperature derivative of the Planck function. By this assump- 
tion the observed flickering colours correspond to a temperature 
of 7,000-10,000 K. 

(4) The secondary peak at a delay of 20 min in the ACFs and 
CCFs indicates the typical repetition time scale of the larger 
flares. Although a peak at 20 min is present in all the power 
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Spectra, we cannot consider this as evidence for a significant 
periodicity in view of the relatively few cycles observed. 

(5) For dwarf novae there is an approximate relationship 
between the rate of decline in brightness following outburst, and 
the orbital period®®. From our observations and those of 
Warner” it seems that the decline rate is ~ 0.4 mag per day, 
which would imply an orbital period of ~ 6 h. The recent report’. 
of a spectroscopic period of 5.2 h is consistent with this value, 
Thus we cannot comment on the form of the binary light curve as 
our observations cover substantially less than one cycle per 
night, 

Two narrow slit spectra of 1E0643.0 ~ 1648 were obtained 
centred on 26.71 December 1980 in cloudy conditions with the 
3.9-m Anglo-Australian telescope, using the RGO spectro- 
graph with the Boksenberg image photon counting system”: 
The spectra cover the region 3,950-4,450 A with 0.8 A resolu- 
tion and the integration times were 1,000.5... noge 

Figure 3 shows the sum of the two spectra. The general 


Fig. 3 Spectrum of 1E0643.0 ~ 

1648 observed on 26 December | 

1980. This is the sum of two spectra, 
each of 1,000's integration, 





4.400 





206 


Nature Vol. £YI L/ SEeplemper 1904 





appearance is consistent with that reported elsewhere’. The 
presence of strong hydrogen emission lines and weak Hel lines 
makes the spectrum appear similar to those of other cataclysmic 
variables. The equivalent widths of the lines determined from 
the spectrum in Fig. 3 are: He, 3A; Het 4026, 0.6 A; Hô, 5.1 A 
and Hy, 6.5 A. We find no evidence in our spectra for Zeeman 
features as suggested by Chlebowski et al.?. There is no evidence 
for doubling of the Balmer emission lines as is seen in high 
inclination systems such as Z Cha (ref. 9), OY Car (ref. 10) and 
WZ Sge (ref. 11 and C. C. Brunt, personal communication). This 
may be taken as evidence for a relatively low orbital inclination. 
After Rayne and Whelan’, the width of the line can be used to 
obtain a lower limit to the white dwarf mass if we assume that the 
lines arise in an accretion disk. From Fig. 3 we estimate the full 
width to be 1,300 kms™ at zero intensity of the Hy and Hô 
lines. Interpreting this width as due to the keplerian velocity of 
the innermost parts of the disk, we obtain the following limits 
using Webbink’s'? white dwarf mass-radius relation. For i= 
60°, 45°, 30° and 15°, (M:/Mo)mis = 0.08, 0.12, 0.2 and 0.5, 
respectively. Except for very low inclinations these are much 
lower than the masses normally inferred for the white dwarf 
components of cataclysmic variables, which suggests either that 
the inclination is very low, or that the disk does not extend to the 
surface of the white dwarf. The latter case might result from the 
presence of a magnetic field which disrupts the inner disk. 
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The photoelectrochemistry at semiconductor electrodes has 
been used to design systems for heterogeneous photo- 
synthesis'~’ and photocatalysis™ "°. There has been, however, no 
attempt at the organic synthesis of highly valuable compounds 
from cheap raw material except for a very low yield of amino 
acids’ produced from methane-ammonia-water. If such 
products were to be formed in one step by heterogeneous 
photocatalytic reactions, this would be a highly efficient means 
for the economical utilization of solar energy in comparison with 
hydrogen production, even though the reactions are driven in a 
spontaneous (AG°<6) direction by the light energy. 

We tried to make positive use of the unfavourable ‘short 
circuiting’ of the heterogeneous photocatalysts in which the 
product from anodic reaction site can be reduced at the neigh- 
bouring reducing site. The photosynthesis of H,O, on TiO, 
powders is one example of this type of reaction, where e and 
h* represent photoinduced electron and hole, respectively, in 
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Fig. 1 Heterogeneous photocatalytic oxidation of toluene in 
various conditions. 


the conduction and valence bands of the heterogeneous photo- 
catalyst. 


TIO, 
hv — e7 +h (1) 
O,+2e°+2H"* > H0O, (3) 


and for overall reaction ((1) x 2 + (2) + (3). 

By combining the principles of photochemistry at semicon- 
ductor electrodes with the Fenton reaction we show here how 
this reaction can be achieved. 


HO + 1/2 O, +2hrv >H,0, (4) 


Both the oxygen dissolved in water and that produced from 
water by the photogenerated holes (equation (2)) at the anodic 
reaction site is involved in the reduction to H202 by the excited 
electrons from the conduction band of a TiO, particle (equation 
(3)). Similar photosynthesis of H20- has been studied using ZnO 
(refs 12-16), CdS, CdSe, and other semiconductors" in the 
presence or absence’® of organic reductants (such as alcohol, 
amide and acid). In the latter, however, the anodic reaction is 
not oxidation of water, but it causes corrosion of the semicon- 
ductor catalysts or oxidation of organic additives. Thus, oxygen 
evolution from water on the stable semiconductors such as TiO}, 
SnO>, and SrTiO, is a preferred photoanodic reaction. 

The photosynthesis of hydrogen peroxide itself is probably 
important as the light energy is stored as chemical energy by the 
overall reaction (equation (4)) in a nonspontaneous direction 
(AG° = 27.9 kcal mol™')'*. But H20, is unstable'*’* especially 
in the presence of some metal ions and under illumination by 
UV light”. Consequently, we can use H,O, as a starting 
material for further reaction in situ to produce more valuable 
compounds. For example we adopted a well known Fenton 
reaction” in which H,O, decomposes into hydroxyl radical and 
hydroxide anion by the reductive cleavage with ferrous ion”: 


H,O, + Fe?* > HO” + HO: + Fe** (5) 


the HO: formed is very reactive and is used for hydroxylation of 
aromatic ring and side chain-oxidation of alkylbenzenes 
(Fig. pee, 

We succeeded in the photo-Fenton type reaction utilizing 
H,O, formed on TiO, powders from the photosynthetic reduc- 
tion of oxygen which was either dissolved in air or was formed by 
photoanodic decomposition of water on the same TiO, photo- 
catalyst. Benzene, toluene, and acetophenone were tried as the 
organic substrates. All the products expected from Fenton 
reaction were obtained, although some had already been found 
to be reaction intermediates for the oxidative photocatalytic 
decomposition of hydrocarbons to CO, (ref. 10). 

TiO, photocatalysts (Aerosil P-25 and 99.99% anatase from 
Rare Metallic Co.) were used without further treatment. Each 
photocatalyst (1 g), in a mixture of doubly distilled water (50 or 
100 ml) and an organic substrate (5 ml), was irradiated by a 
500-W Xe-lamp or a 500-W high-pressure mercury are lamp in 
a 100 ml Pyrex glass round-bottomed flask with a condenser 
cooled with running water. To keep the solution saturated with 
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air and to maintain homogeneous mixing of the suspension, the 
solution was stirred by a magnetic stirrer. If necessary, nitrogen 
was bubbled for deaeration. After photolysis, the solution was 
made acidified by HCI, then extracted with ether, and finally 
concentrated under a reduced pressure. A Shimadzu GC-4CM 
gas chromatograph was used to analyse the products. The 
amount of a gaseous product, CO., was determined’”. 

The results for organic substrate-TiO,—H,O systems without 
any other additives are listed in Table 1. In air, every aromatic 
compound was hydroxylated to give the corresponding phenol. 
Other than the hydroxylated compounds, biphenyl from ben- 
zene, benzaldehyde from toluene, and phenol from aceto- 
phenone were obtained. From toluene or acetophenone, ano- 
ther product which may be attributable to a dimer as biphenyl 
was also detected. When the benzene solution was deaerated 
before illumination by bubbling nitrogen for 30 min and sealed 
by nitrogen overflow during illumination, biphenyl was obtained 
as a main product with a trace amount of phenol. When nitrogen 
was bubbled throughout the irradiation, no product was detec- 
ted from benzene and toluene. When the toluene solution was 
stirred vigorously for 10 h without irradiation, no product was 
detected. These results indicate that oxygen and illumination are 
necessary for the oxidation of organic substrates. If oxygen is 
removed completely, the only possible cathodic reaction will be 
reduction of proton to form hydrogen. But the low efficiency of 
this reaction™?* on TiO, is why the absence of oxygen results in 
no oxidation of aromatic compounds. The result obtained by 
illumination under nitrogen sealing preceded by deaeration is 
due to the lower concentration of oxygen rather than its absence. 
Because no catalyst for efficient production of HO- was added, 
we consider the following reactions are responsible for HO- 
formation 


H-0: +07 > HO +0OH +0, (6) 
(the Haber-Weiss reaction) ®? 
H-0; + hv > 2HO- (7) 
(photodissociation with UV light, A <365 nm)” 
H,0,+e°(TiO,) > HO: +OH™ (8) 
(reductive cleavage at TiO, surface) 
H,O(ads)+h* > HO- +H* (9) 


(intermediate of anodic reaction on TiQ,)*” 


where reaction of equation (8) is a new proposal because the 
photosynthesis of H,O, on TiO, has been studied in liquid phase 
but hitherto with negative results'**’, 

The effects of adding acid (H,SO,), oxidant (Cu?*), and 
catalyst for HO- radical formation (Fe**) are shown in Table 2. 
Adding H,SO, only, increases the total yield drastically, this 
could be due to the suppression of CO, formation (Table 2); 
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Table 1 Photocatalytic oxidation of aromatic compounds on TiO, powders* 


Aromatict Time of 
compound Conditions illumination Products mg (umol) 
(h) 
Benzene Under air 12¢ Phenol 22.0(234) 
Biphenyl 4.8( 31) 
After 10% Phenol 0.4 4) 
deaeration Biphenyl Zi 14) 
Under N, 2§ mee — 
Toluene Under air 2$ Benzaldehyde 1.1( 10} 
Cresol 1.4( 13) 
{o:m:p) (44:40:16) 
Under N, 23 — — 
Stirred 
for 10 h without 
illumination 0 oo ~ 
Acetophenone Under air 103 Hydroxy AP 11.4( 84) 
(o:m:p) (49:33:18) 
Phenol. 3.5( 37) 
Dimer ~1.0(~4) 


7 Aerosil P-25, t Initial composition of solution: aromatic compound 5g, TiO, 
ig, H,O 50 ml, except toluene (Sg, 1g, 100ml). ¢ A 500 W Xe lamp. $ A 
500 W Hg lamp. 
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Table 2 The effect of additives on the product distribution of heterogeneous. 


photocatalytic oxidation of toluene in TiO,-H,O in air* 
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H,S0, H,SO, H,SO, 
(0.05 MD (0.005M) (0.005 Mo 
H50, +CuSO, +CuSO, +FeSO, | 
Additives None (0.05M) (0.05 M) (0.2 M) (0.02 M) 
Products (umol} 
Benzaldehyde 11.8 234.3 646,4 1414.3 30.8 
Benzyl alcoho! — trace 188.1 von vam 
o-Cresol 32.7 = 80.7 208.2 34 
m-Cresol 14.0 _ 76 67,4 - 
p-Cresol 9.9 ~= po 89.7 -l 
Bibenzyl — _ 70.8 —_ _ 
CO, {~100}) trace t tł t 
Total products 
{umol)}t 68.4 234.3 1064.4 476.7 34.5 
Quantum : 
efficiency (% )t 0.3 1.1 5.0 hig 1G 





* Illuminated for 2h by a S00 W Hg lamp, initial composition of solution: 
toluene 5g, TiO, (99.99% anatase from Rare Metallic Co.) 1g, H,O 100 mi. 
+ Expected to be a trace, but not measured. + Calculated on the basis of the amount 
of the starting material transformed, that is 1 mo! of bibenzy! counted as 2. mol of 
products while other products counted as only 1 mol but only: if CO, were 
excluded. Ps 
although the Haber—Weiss reactions as potential sources of the 
HO: radical in the absence of metal impurities have been 
predicted” for high and low pH. Evolution of CO, might be 
interpreted as the photocatalytic oxidative decarboxylation of 
carboxylates”'° which may result from the further oxidation of 
the intermediates such as benzaldehyde and mucondialde- 
hyde**?, If the pH of the solution is too low, an intermediate 
formed by the HO: attack on the aromatic ring”, hydroxy- 
cyclohexadienyl radical, will be changed promptly to a cation 
radical (route d in Fig. 1)** and side chain-oxidation products 
will be the main products (routes f, g, h, and i). Presence of an 
oxidant and an increase in pH usually leads to hydroxylation of 
aromatic ring (route b) predominating over side chain-oxidation 
in the Fenton reaction®’~**. These predictions agree well with 
the observed results in Table 2. It is particularly surprising that 
lowering the pH and adding Cu’* increased the quantum yield 
by up to 5%, which is about 16 times more efficient than would 
happen in an additive-free system. In the system with an Fe” 
catalyst for HO- formation, the yield became rather low which 
could be due to the ‘short circuiting’ on TiO, by the reversible 
redox reaction: 

Fe** +h? > Fe** (10) 


Fe** +67 > Fe?*: (11) 


This was not the case for the Cu’* reduction, in fact the 
reduction of oxygen prevailed*’ over the reduction of Cu?” at 
low pH. : 
We conclude that the combination of the photoelectro-- 
chemical production of H,O, at semiconductor electrodes with 
the Fenton reaction enabled us to succeed in the hetero- 
geneous photocatalytic oxidation of various aromatic hydro- 
carbons. By changing the solution conditions, that is by control- 
ling pH and/or adding appropriate catalysts (Cu** ion in the 
present system), both the unstable product H:O, and the reac- 
tive intermediate HO- could be utilized more efficiently to 
synthesize more stable and valuable compounds from aromatic 
hydrocarbons in high quantum yields (1-5% ) compared with an _ 
additive-free system (0.3%). The appropriate solution condi- | 
tions enabled selective formation of cresol (77%) or benzalde- — 
hyde (61%) from toluene. The present result suggests that the 
unfavourable ‘short circuiting’ character of the heterogeneous 
photocatalytic reactions can be utilized positively in other 
systems if the proper combination of semiconductor material _ 
and reactants and the solution conditions is selected. | 
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Sea-waves are understood more easily if they are considered to 
move with constant velocity and without changing shape. A 
convenient mathematical technique is to imagine that these 
waves can be arrested in space and analysed as for flowing 
streams with a steady wave-like surface deformation. Hitherto, 
this technique has been used almost exclusively to study pro- 
gressive surface waves. For depths as great as 45 m, such wave- 
like deformations occur on the sea surface as a weakly coupled 
mirror-image of sandwaves on the seabed. By assuming that 
these surface deformations are real arrested progressive waves 
and not merely analogous, we now show that sand-dunes are 
related empirically by a small-amplitude surface wave dis- 
persion equation. Furthermore, finite-amplitude wave theory 
(that is, steepest wave theory) is related to the steepest dunes on 
a stream bed where previously, for want of a better theory, 
steepest dune wavelengths have been explained in terms of fluid 
turbulence. In particular, if the dune wavelengths associated 
here with Gerstner’s finite amplitude theory are combined in a 
manner similar to a beat effect, the predicted wavelengths are in 
good agreement with the lengths of marine sandwaves. 

Allen! has shown that the deep-water approximation (Fig. 1, 
curve a) of the surface wave dispersion relation fits upper- 
regime antidune wavelengths well because of the strong in- 
phase steady surface waves associated with these bedforms. 
Furthermore, Kennedy’ has noted that the steepness of anti- 
dunes is similar to that of deep-sea waves. This suggests that 
Gerstner’s wave theory’* may be used to describe the form of 
antidunes. In Fig. 1, the dispersion equation (curve b), and curve 
c are the lower and upper limits, respectively, in Froude number 
F, to antidunes’”. F is defined by F? = U°/gh where U is the 
mean stream velocity, h is mean depth and g the acceleration 
due to gravity. Wavenumber k (Fig. 1) is defined by k = 2n/L, 
where L is a steady streamline wavelength, and in particular the 
wavelength of streamlines describing bedforms or surface water 
waves. 

Previously, wave theory has been neglected as a means of 
explaining lower-regime bedforms (for example, dunes) because 
the associated steady surface wave amplitude B is invariably 
small. Instead, Yalin® applied turbulence theory to explain 
steepest dune wavelengths. However, steady surface waves over 
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large dunes (F <0.2) have been detected’ and this led us to 
believe that wave theory might also be applied to lower-regime 
bedforms. 

Milne-Thomson*? has shown that small-amplitude wave 
theory may be applied to steady two-dimensional flow over a 
rigid sinuous bed of small amplitude A and wavenumber k so 
the surface wave amplitude B is given by 


B/A = 1/(cosh(kh) ~(g/kU”) sinh(kh)) (1) 


The least depth H required for a water surface profile of 
wavenumber k to propagate at phase velocity U is 


H =(1/k) tanh '(khF’) (2) 


At depth H the steady streamlines are straight. The shallow- 
water approximation (L > 20h) for equations (1) and (2) are 


B/A=F?/(F*~1) and F*=H/h (3) 


B/A is positive or negative as U’ is greater or less than C : 
where the phase velocity C is given by kC*/g = tanh(kh). 
Equation (1) describes lower (B/A <0) and upper (B/A >0) 
regime bedforms. To test the hypothesis that lower-regime 
bedforms are also related to F by a generalized wave dispersion 
relation, we have fitted an expression of the form 


kh(BF)* = tanh(kh) (4) 


to the flume data of Guy et al.*. Figure 2 shows that equation (4) 
is supported by a linear trend giving a correlation coefficient 
significant at the 1% level for each sand size. Linear regression 
values of a and 8 were used to plot the curves shown in Fig. 1. 
Values of 1.2, 1.7 and 0.3 were calculated for a, B and r, 
respectively, using Stein’s measurements from experiments” 
with a sand size of 0.4 mm. The poor correlation coefficient r can 
be explained by data deficient in sand ripple measurements, as F 
was in the range 0.34-0.71. The dunes were generally not 
shorter than 27h so the dune ratio 1/kh is virtually independent 
of F, since F tends to 1/8 (Fig. 1, curves 1-3). 


3 


Ukh 





0 l 2 
F 


Fig. 1 The equations for a, b and c are, respectively, khF t= l; 


kC?/g=tanh(kh); and kAF*tanh(kh)=1. The antidune 

measurements (x) are largely a sample from data collated by 

Kennedy”. Curves 1, 2 and 3 are plots of equation (4) for respective 
sand sizes 0.19, 0.45 and 0.93 mm. 
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Flg.2 Ripples (@) and dunes (x) as defined by Guy et al.*. The y 

intercept of the trend equals minus In 8 and the slope equals 1/a. 

Numerical values for a—d are, respectively: 0.19 mm sand, a= 

1.86, 8 = 2.23, r= 0.92; 0.45 mm sand, a = 2.04, 8 =2.36, r= 

0.85; 0.93 mm sand, a = 1.53, 8 = 1.80, r= 0.84; the three grain 
sizes combined, a = 1.78, 8 = 2.09, r= 0.87. 


The above discussion has shown that small-amplitude wave 
theory may be applied to both upper and lower regime bedforms 
but not to the steepest bedforms. Yalin® found from experimen- 
tal evidence that the steepest dune wavelengths were given by 


L~2ah (that is, kh ~1) (5) 


This result was explained in terms of macroscale fluid turbu- 
lence. However, the same result can be explained more simply in 
terms of finite-amplitude wave theory. To test relation (5), we 
have plotted the dune steepness against the dimensionless 
wavelength 1/kh. Quadratic curves were fitted to Guy’s data to 
give a single maxima only. Figure 3 shows that the maxima occur 
close to values of 1/kh = 1 and the mean abscissa calculated for 
all the maxima is 0.99. Large fluvial dunes (F <0.2) also have 
kh~1 (Fig. 3d). Relation (5) was also tested using Stein’s 
measurements. The regression analysis showed not a maximum 
but a minimum at the abscissa value of 2.13. Nevertheless, the 
relation is undoubtedly significant because 94% of the data, 
which started at 1/kh = 0.89, lay with the negative slope of the 
curve which intersected 1/kh =1 at 0.042; that is, maximum 
dune steepness (2A/L) was typically 0.042. 

Ideally, the transition from lower to upper regime bedforms is 
a plane bed because dune wavelength number 1/kA tends to 
infinity. Indeed, dune steepness does decrease (Fig. 3), as might 
be expected also by the critical depth H tending to A (that is, 
F? = H/h~»1). Minor disturbances to the fluid need distance to 
grow, and this explains why the intermediate regime is a steady 
plane bed in short flumes only”®. 

Most antidunes occur’ when F=1, which implies that 
steepest antidune wavelength ratios are kh = 1 (Fig. 1, curve a), 
Hence, steepest dunes and steepest antidunes have the same 
wavelength ratio kh = 1. Yalin’s turbulence theory® was applied 
to steepest dune wavelengths because bedforms were seen to 
grow in the lee of a discontinuity and the steady wave amplitude 
B was assumed by many to be negligibly small. However, cal 
large fluvial dune data are: L = 85 m, 2A = 1m, U =1 ms and 
h =15 m. Thus, from equation (1) it is possible to calculate an 
approximate surface wave height 2B of 6mm. These small 
surface depressions, since they apparently interact with wind- 
waves, are detectable with satellite altimetry radar‘. 
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Table 1 Precicton values: ct veg AENOR) 
l 


‘Observed 
General depth (m) Predicted mean L 
MHWS MLWS~ nr m L ` (m) 
14.5* 10.0 3 2 181 i 180 
15.0t 5.0 ‘3 1 94 , 70 
25.0T 15.0 5 3 471 1 300 
48.04 40.0 6 5 1,508 1,400 


Data for the Bristol Channel entrance were basi on a satellite 
radar-map; HMS Fawn, on passage to Bristol, confirmed the existence 
of the sandwaves, by echo-sounder. 

* Start Bay, Devon’. 

t Swansea Bay, Bristol Channel’®, | 

t Bristol Channel entrance. : 
\ 

Gerstner’s theory, by its simple geometry, relate easily with 
steepest bedform wavelengths and any appropriatelocal steep- 
nes can be generated. The pressure is constant alon; Gerstner’s 
wavy streamlines; this is probably true for real stream flow 
except in the fluid space between depth H and mein depth A, 
where adverse pressure gradients promote flow revenal (Fig. 4). 

Allen’? has explained the sandwaves which form under tidal 
currents in shelf-seas by analogy with the ripple marks which 
form under wind-waves. Allen’s explanation cannot account for 
the steady surface wave but it may account for sandware shape. 
Free wave theory can be extended even further to explain why 
some sandwaves are longer than fuvial large dunes in the same 
general depth of water. If two large dune wavelengths are 
combined by a beat effect’? then the single least common 
multiple wavelength could explainthe length of tidal sandwaves; 
thus, i i 


L=m(2rh) = n(2rha) ' (6) 


where h, and h, are mean high waer and low water spring tide 
depths and m, n are the smallest pasible integers. Wavelengths 
predicted by equation (6) at four British continental shelf loca- 
tions (Table 1) give good agreement with observation and a 
typical value of m or n is 3. Equatior (6) predicts extremely long 
sandwaves (for example, m/n ~h2/1,~=1) in deeper water if an 
unusually large prime number satisies the relation. However, 
probably because the sand distribution is limited, only the fluvial 
relation kh ~ 1 is possible in some shef-seas; for example, some 
Alaskan sandwaves” are ~250 m longin 65 m of water, where 
m/n ~ 31/34 would predict L~ 13 km. 

Several theories consider bedform anplitude growth as well 
as wavelength growth. We can speculae here that for lower- 
regime bedforms up to wavelength L=2h steady surface 
waves are a consequence of bedform anplitude growth. The 
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Fig. 3 Flume dune steepness (x) determined by tuy et al.” for 

0.19 (a), 0.45 (b) and 0.93 (c) mm sand. d, Fluval large dune 

stecpness (+) based on the measurements of Sundboy’, Smith and 
McLean” and D. N. Langhorne (personal comnmnication). 
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Fig. 4 Atrochoidal wave’“*'* is generated by a point of a disk 
rolled aganst a straight edge. A dimensionless wavelength kh = 1 
implies nat the radius of the disk equals h. The direction of 
rotation hown here, with constant translation, indicates the speed 
of the vater particle. a, Although the steepness, 2B/L, shown is 


almost souble that of one particular laboratory  antidune with 
sand siz 0.45 mm, the height of the first crest that was about to 
break $ the same. That is, B =A = 120mm and the upstream 
surface trough was noted particularly to be lower than the down- 
streamantidune crest. b, Flow separation is typical for steep dunes 
and sindwaves: the lee-eddy can be considered as part of the 
bedform’. The speeds and heights of water particles would be more 
orless symmetrically distributed about the critical depth H. 


steady streamlines down to depth H (equation (2)) are well 
suited to modelling by small-amplitude surface free waves. The 
datum at depth H can be regarded as a damping line to sand 
dune amplitude growth because B is always small. 

Using this interpretatior for the datum, dune amplitude 
(negative) growth is forced by unsteady out-of-phase surface 
waves. Once the datum is lower than h its role as a damping line 
is redundant: antidune growth begins (for example, see ref. 5) 
and the resonance predicted by equation (3) when F = 1 may be 
possible. Figure 4a show resonance that may occasionally 
occur in laboratory flume. Steep surface waves break in the 
upstream direction® and not, as might be expected, in the 
downstream direction. This may be explained by fixing the 
frame of reference’ withihe main stream so that the boundary 
profiles become progressive waves. The speed at each surface 
point probably depencs on the precise depth to the datum and 
not the average depth. Crests move faster than troughs and so 
break in the (upstrean) direction. 

The concept of co:stant motion relative to an inertial frame 
of reference fixed wih the stream is, of course, not new, but we 
believe it has not bem exploited intentionally in sedimentology. 
It has been shown tcbe effective for the analysis of the four most 
important bedforn types—ripples, dunes, antidunes and 
sandwaves. Its ful implication for sedimentology, however, 
needs further consderation. For instance, we have implied that 
its use provides a additional explanation, other than noting 
how sand grains are deposited, for the observation that the 
slightly steeper sbpes of antidunes face upstream. Purely as a 
mirror-image ini datum, it follows that the steeper slopes of 
dunes face downtream, as indeed they do. These considerations 
are closely linkd to the problem of selecting an unequivocal 
formula, from tle many available formulae, for the mass trans- 
port rate of sanl grains, given that important flow parameters, 
such as bed shar stress, are known. 
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Much attention has focused recently on the lateglacial period in 
north-west Europe, especially on the problems of climatic sub- 
division and chronostratigraphic definition”. Correlation and 
classification of lateglacial stratigraphy relies heavily on radio- 
carbon dating, but because the lateglacial represents a relatively 
short interval of geological time (14,000-10,000 yr BP) with 
comparatively slow rates of sedimentation, the stratigraphic 
resolution achieved in radiocarbon dating may be questioned— 
a 5-cm thick sample may represent an age span significantly 
greater than the analytical uncertainty (t 10") associated with 
the radiocarbon measurement. Results are presented here for a 
radiocarbon-dated pollen stratigraphy based on sediments from 
Llyn Gwernan, a small freshwater lake situated on the northern 
flank of Calder Idris, 3km south-west of Dolgellau, North 
Wales (grid ref. SH 703 159) where a remarkable thickness of 
lateglacial organic deposits preserves a detailed biostratigraphic 
record and permits a greater resolution of the lateglacial $C 
time scale than is usual. The data are summarized in Fig. 1 and 
comparisons are made within the framework of previously 
published dates for Wales in Fig. 2. 

Sediments have accumulated at the western edge of Llyn 
Gwernan, such that a gradual succession of plant communities 
across this infill have raised the bog level above that of general 
lake level. Organic lake muds were removed from the deepest 
part of this infill by piston corer and material from comparable 
horizons were bulked to obtain dates with low standard devia- 
tions on thin, precisely defined sediment slices (Fig. 1). 

The date of 13,200+ 120 yr BP (SRR-1705) marks the onset 
of organic sedimentation and provides a minimum age for late 
Devensian deglaciation of the site. This level in the profile is 
characterized by a marked upward trend in pollen of Rumex, 
with high percentage values for Gramineae and Cyperaceae. 
Betula values are low and Juniperus is absent. Only two 
comparable dated horizons have been published for Wales, of 
which a date of 11,660+ 140 yr BP from Traeth Mawr, South 
Wales is thought to be anomalous’. At Glanllynnau, North 
Wales, dates of 12,556+230 yr BP (seeds from basal organic 
sediments) and 14,468 +300 yr BP (moss-rich layer from 
bottom of basal minerogenic sediments) bracket the timing of 
thermal improvement based on fossil coleopteran succession’. 
Just as faunal, botanical and lithological responses have differing 
sensitivities to thermal improvement, the factors governing the 
thresholds for organic recruitment into different basins will be 
variable and depend on local climate, topography and geology. 
Direct comparison of pollen spectra from the basal organic 
horizons show Juniperus and Rumex rising almost simul- 
taneously at Glanllynnau, whilst at Llyn Gwernan Juniperus first 
occurs some 30cm higher in the profile than Rumex. Thus 
palynological evidence combined with the date of 13,200+ 
120 yr BP suggests the possibility of earlier organic sedimen- 
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Fig.1 Summary of “C data in relation to lithostratigraphby and pollen stratigraphy. Pollen sum per level = 300 total land pollen. RI, Organic lake 
mud; M, clay. 


tation at Llyn Gwernan than at Glanllynnau, whilst still being 
consistent with much current evidence for timing of marked 
thermal improvement®”’. 

The first continuous pollen curve for Juniperus is dated at 
12,970+ 130 yr BP (SRR-1704). Although variable in occur- 
rence and intensity, this relatively sudden expansion in Juniperus 
_ has been widely recognized throughout western Britain and 
explained as indicating response to improved climate or alter- 
natively to processes of primary succession in an already 
temperate climate to a stage where it could flourish’. The few 
dates which exist for this phase indicate expansion in western 
Britain at ~13,000-12,500 yr BP (ref. 8), but comparisons with 
many sites are hindered due to lack of precise definition of the 
expansion and the differing thicknesses of samples dated. Addi- 
tional dates are required before the nature of this expansion can 
be examined. 

The abrupt decline in the Juniperus curve following the 
expansion of Betula yielded a date of 12,120 + 130 yr BP (SRR 
1703). This decline has previously been interpreted as signifying 
the suppression of juniper scrub due to shading out by the 
superior competitive ability of birch’®. However, the Juniperus 
decline is also a feature of many Irish sites, despite the relative 
absence of Betula and has been dated at 12,020+ 80 yr BP (ref. 
9). Furthermore, a growing body of evidence indicates that the 
increase in Betula pollen percentages is accompanied by the 
occurence of coleoptera indicative of cooler summers’. Causal 
connection between climatic cooling and spread of birch 
woodland has been suggested*’ and seems to have been synch- 
ronous from southern to northern England, being dated at 
several sites to ~12,200 yr BP (ref. 7). A date of 11,300+ 
300 yr BP obtained for this event at Glanllynnau may be 
erroneous due to possible contamination by fossil and modern 
roots”, Although SRR 1703 falis close to the boundary of the 
Bolling/Older Dryas chronozone boundary’, the palynological 
evidence does not support such an oscillation (Fig. 1). Likewise a 
date of 11,900+ 500 yr BP for the decline in Juniperus at Nant 
Ffrancon which was interpreted as evidence for the Bolling 
oscillation’ could have alternative interpretations'*. The 
radiocarbon date of 12,1204130 yr BP from Llyn Gwernan 
may therefore mark the beginnings of climatic deterioration 
which eventually culminated in the truly severe cold period of 
the Loch Lomond (Younger Dryas) Stadial some 1,000 yr later. 

The onset of the Loch Lomond (Younger Dryas) Stadial, as 
defined by an abrupt lithological change from organic lake muds 
to clay-rich minerogenic sediment, is dated at 11,160+90 yr BP 
(SRR 1701) and corresponds with palynological changes from 


tree, shrub and thermophilous herb pollen to a characteristic 
pollen assemblage of open habitat herbs, chiefly of Cyperaceae, 
Rumex and Artemisia (Fig. 1). This date is in close agreement 
with the age assigned to its onset in Scandinavia’, Scotland’ and 
the Lake District* and cannot be used to support the hypothesis 
of later onset of stadial conditions in Wales’. 

An age of 10,040 + 80 yr BP (SRR 1700) was obtained for the 
lateglacial/Flandrian transition marking the end of the Loch 
Lomond Stadial and compares well with many similarly dated 
horizons from Wales, which in spite of varying standard devia- 
tions and different site characteristics, show uniformity in their 
mean values at ~10,000 yr BP (Fig. 2). However, a date for the 
peak in.the Juniperus pollen curve, some 10 cm higher in the 
profile, gave an age of 10,250+80yrBP (SRR 1699) which 
viewed in the context of many other such dates in Britain (that is 
~10,500-9,500 yr BP (ref. 15)) could equally be considered 
reliable. A further date of 10,020+130 yr BP (SRR 1702) was 
obtained on a sample of Betula wood recovered from the stadial 
clay some 2 cm lower in the profile than SRR 1700, which pollen 
evidence suggests was sampled in situ. We cannot differentiate 
between these dates at the +20 level. Although problematic, the 
lateglacial/Flandrian boundary at Llyn. Gwernan is dated at 
~ 10,000 yr BP. 

Expansion of Corylus at Llyn Gwernan is dated at 9,070 + 
70 yr BP (SRR 1698). This is in complete accord with evidence 
for the main expansion of Corylus at ~9,000 yr BP (ref. 15), but 
conflicts with the hypothesis of early invasion by Corylus from 
western Britain‘, with the Cardigan Bay area possibly provid- 
ing a refugium during the late Devensian’’ (supported by a date 
of 9,747 +220 yr BP from Tregaron bog'*). SRR 1698 compares 


Table 1 Comparative data for Welsh lateglacial interstadial deposits 
Thicknees of Age span 


organic Age represented 
interstadial span of 1 cm by 





Site name deposits of sediment pollen count 

(grid ref.) (crm) (yr) (yr) 
Traeth Mawr“ (SO 967257) 30 ~67 ~125 
Glanllynnau? (SH 455373) 30 ~67 ~153 
Nant Ffrancon“ (SH 632633) 140 ~14 ~71 
Liyn Gwernan (SH 703159) 238 ~8 ~42 





Ages have been derived assuming a constant sedimentation rate over 
a 2,000-yr period for the interstadial and are therefore approximate 
values drawn merely for comparison. 
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Fig. 2 Published lateglacial and early Flandrian radiocarbon 
dates with + 1e error bars from Wales. Stratigraphic terms accord- 
ing to Lowe and Gray? ; 


with similar dates from Nant Ffrancon (9,098 + 180 yr BP (ref. 
19)), Coolteen, south-west Ireland (9,055+95 yr BP (ref. 9)) 
and Hawks Tor, Devon (9,061 + 160 yr BP (ref. 20)). Rather 
than providing evidence for early expansion in Corylus, collec- 
tively these dates suggest a remarkable degree of 
regional synchroneity for this phenomenon in south-west 
Britain. 

In the comparisons drawn above, radiocarbon dates have 
been compared for assumed comparable events. Apart from 
general agreement in ages obtained for the lateglacial/early 
Flandrian transition ~10,000 yr BP. Figure 2 illustrates the 
paucity of lateglacial radiocarbon dates from Wales. Some of 
these dates lack precise definition and many have large standard 
errors. However, notwithstanding the inherent uncertainties 
associated with radiocarbon dating’? and the fact that 
comparable events need not have been synchronous, the most 
fundamental consideration affecting comparisons of '*C dates 
concerns the relative resolution afforded by different sites. The 
unsatisfactory nature of the Welsh lateglacial chronology in 
terms of resolution and precise definition can in part be 
explained by differences in resolution between sites and the 
sampling techniques. Table 1 illustrates such variation in poten- 
tial resolving power between Llyn Gwernan and the other 
available radiocarbon dated Welsh lateglacial profiles. Clearly 
the different characteristics of individual sites require different 
sampling procedures to obtain comparable precision in dating. 
Approximations of sedimentation rates and percentage carbon 
content of relevant horizons should therefore be evaluated 
before '*C analyses to obtain an estimation of optimum sample 
thickness and mass for the required level of precision. The 
resolution afforded at Llyn Gwernan has therefore been an 
important factor in enabling the dating of sediments with negli- 
gible time spans which when bulked from comparable horizons 
have provided age determinations with low standard deviations 
and as such provide a significant contribution to the lateglacial 
chronology in Wales. 

The advantages of sites such as Llyn Gwernan equally apply to 
the detailed studies of biostratigraphies and have wider impli- 


0028-0836 /81/380212—-05$01.00 


cations for future lateglacial research throughout Britain and 
north-west Europe in general, Lateglacial profiles with good 
stratigraphic resolution should provide important information 
for testing the validity of major fluctuations in biostratigraphies. 
If such fluctuations are not apparent by detailed examination at 
‘high resolution sites’, then the evidence for proposed fluctua- 
tions (with climatic implications) at sites of ‘low resolution’ may 
be questioned. Concentration of radiocarbon dating on sites 
containing good stratigraphic resolution is urged, as such sites 
will provide the best way of testing hypotheses concerning 
the synchronous or time-transgressive nature of lateglacial 
environmental changes. 
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kOe en AAA aaan ra aaraa 


Asia is a composite continent formed by the accretion of crustal 
blocks’. A likely sequence of events is that Siberia collided 
with a Kazakhstan block which together then collided with 
Europe along the Urals in Permo-Triassic times’. This was 
followed by the sucessive accretion of various blocks of south 
and east Asia to Siberia, culminating in the collision of India 
with Asia during the Cenozoic. Palaeomagnetic data have 
already demonstrated that the Kolyma and Sikhote Alin blocks 
of eastern Asia collided with the main continent along the late 
Mesozoic fold belts of Verkhoyansk and Sikhote Alin’. 
Furthermore, results from the Malay peninsula and Japan‘ 
suggest that South-east Asia and Japan were situated near the 
Equator in Permian times and were therefore separated from 
the Asian continent. We report here some palaeomagnetic 
results from the Permian of the Sino-Korean and Yangtze 
blocks of China that show they were also situated near the 
Equator, were not in their present relationship to one another 
and were widely separated from Siberia. 
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Professor of Biology 
at Kean College of New Jersey 


June 1981; £30.00; 500pp; 
ISBN 0 333 32355 6 


CONTENTS 

Principles and Instrumentation — A.T. Marshall; 
Preparation of Specimens: Changes in Chemical 
Integrity — A.J. Morgan; Frozen-Hydrated 
Specimens — A.T. Marshall; Frozen-Hydrated 
Sections — A.T. Marshall; Sections of Freeze- 
Substituted Specimens — A.T. Marshall; 
Influence of Specimen Topography on Micro- 
analysis — F.D. Hess; The Skeletal Muscle — M. 
Sjostrom; Liquid Droplets and Isolated Cells — 
J.V. Bonventre, K. Blouch and C. Lechene; 
Quantitative X-Ray Microanalysis of Bulk 
Specimens — F.D. Ingram and M.J. Ingram; 
Quantitative X-Ray Microanalysis of Thin 
Sections — G.M. Roomans; Index. 


This is the first book dealing exclusively with 
x-ray microanalysis of biological specimens. It 
not only presents the basic theory and operation 
of the instruments used for producing, measur- 
ing and interpreting x-ray signals, but also 
describes in detail the preparation of bulk 
specimens, sectioned specimens and fluid 
specimens. 


The book includes both qualitative and 
quantitative analysis of biological materials and 
it discusses application of x-ray microanalysis to 
pathology, physiology and cytochemistry. 


Instrumentation is presented in a concise 
manner and methodology in detail. Almost all 
instruments are covered, including TEM, SEM 
and STEM. Instructions are given on how to pro- 
duce, measure and interpret x-ray signals and 
emphasis is given to the aspects of instru- 
mentation that are of practical use. In its 
comprehensive compilation of methods for 
preparing biological specimens the advantages 
and disadvantages of alternate methods are 
discussed. 


READERSHIP: Electron Microscopy, Biology, 
Biochemistry. 

LEVEL: Undergraduate and graduate students, 
researchers and research technicians. 


Send your orders, requests for further 
information etc. to: FRANCES ROACH, 
SCIENTIFIC AND MEDICAL DIVISION, 
MACMILLAN PUBLISHERS LTD., 
HOUNDMILLS, BASINGSTOKE, HAMPSHIRE 
RG21 2XxS. 
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Biological Sciences 


KEAST, A. Ecological Biogeography of Australia. Vols. 1, 2 and 3. 
Monographiae Biologicae, Vol. 41. Pp.2142. ISBN 90-6193-092-8. (W. Junk, The 
Hague: 1981.) Df. 950, $495. (3 Vol. set.). 

KENNEDY, I. The Unmasking of Medicine. Pp.189. ISBN 0-04-610016-4. (Allen 
& Unwin, L S 1981.) £8.95. 

KRESS, S. W. The Audubon Seciety Handbook for Birders, Pp.322. ISBN 
0-684- ne 3. (Charles Scribner’s: 1981.) $17.98. 

LAMBERT, H. P. and WOOD, C. B., S. (eds). Immunological Aspects of 
Infection in the Fetus and Newborn. Pp.249. ISBN 0-12-434660-X. (Academic: 
1981.) £16.40, $39.50, 

LEKLEM, J. E. and REYNOLDS, R. D. (eds). Methods in Vitamin B-6 
Nutrition. Analysis and Status Assessment. Proceedings of a Workshop held in 
June-July 1980, at Timberline Lodge, Mt. Hood, Oregon. Pp.401. ISBN 
0-306-40640-3. (Plenum: 1981.) $49.50. 

LEVANDOWSKY, M. and HUTNER, 5. FH. eds}. Biochemistry and Physiology 
of Protozoa, Vol. 4. 2nd Edn. Pp.574. ISBN 0-12-444604-3. (Academic: 1981.) $58. 

LEVIN, L, 5. and KNIGHT, C. H. (eds). Genetic and Environmental Hearing 
Loss: Syndromie and Nonsyndromic. Birth Defects: Original Article Series, Vol. 
XVI, No. 7, 1980. The 2nd Annual Symposium on Craniofacial Dysmorphology 
held in Chicago, Hlmois, June 1979. Pp.92. ISBN 0-8451-1440-3. (Alan R. Liss, New 
York: 1981.) $16. 

LITWACK, G. (ed.}. Biochemical Actions of Hormones, Vol. VHL Pp.545. 
ISBN Q-12-452808-2. (Academic: 1981.) $58. 

MACE, M. E, and BECKMAN, C. H, (eds). Fungal Wilt Diseases of Plants. 
Pp.640. ISBN 0-12-464450-3. (Academic: 1981.) $58. 

MACKNIGHT, A. D. C, and LEADER, J. P., (eds). Epithelial fon and Water 
Transport. Proceedings of a Workshop held in honour of James R. Robinson, 
Dunedin, New Zealand, April 1980. Pp.392. ISBN -0-89004-537-2. (Raven: 1981.) 
$42. 

MACPHEE, R. D. E. Auditory Regions of Primates and Eutherian Insectivores, 
Morphology, Ontogeny, and Character Analysis. Contributions to Primatology, 
Vol. 18. Pp.288. Flexi ISBN 3-8055-1963-X. (Karger, Basel: 1981.) SwFr. 66, DM 79, 
$39.75, 

MANN, T. and LUTWAK-MANN, C. Male Reproductive Function and Semen. 
Themes and Trends in Physiology, Biochemistry and Investigative Andrology. 
Pp.498. ISBN 3-540-10383-X. (Springer-Verlag: 1981.) DM 150, £32. 

MANNION, P. D. Tree Disease Concepts. Pp.399. ISBN 0-13-930701-X. 
(Prentice-Hall: 1981.) Np. 

MELNICK, M., BEXLER, D. and SHIELDS, E. D. (eds). Etiology of Cleft Lip 
and Cleft Palate, Vof. 46. Proceedings of a Workshop held at Airlie House, Virginia, 
Sponsored by the National Institute of Dental Research and the Society of 
Craniofacial Genetics. Pp.570. ISBN 0-8451-0046-7. (Alan R. Liss, New York: 
1981.) $40, DA. 120. 

METTLIN, C. and MURPHY, G. P. {eds}. Cancer Among Black Populations. 
Proccedings of the International Conference held at Roswell Park Memorial 
Institute, Buffalo, New York, May 1980, Pp.271. ISBN 0-8451-0053-X. (Alan R. 
Liss. New York:-1981.) $24. 

MILLER, T. A. (ed.j. Cuticle Techniques in Arthropods. 
3-540-90475-1. (Springer-Verlag: 1981.) DM 114, $67.10. 

MORGANE, P. J. and PANKSEPP, J. (eds). Handbook of the Hypothalamus 
(in three vols.) Vol. 3: Part B, Behavioral Studies of the Hypothalamus. Pp.480. 
ISBN 0-8247-6905-8, (Marcel Dekker: 1981.) SwFr. 220. 

MORRIS, G. J. Cryopreservation, An introduction to Cryopreservation in 
Culture Collections. Pp.27. Flexi ISBN 0-904282-45-7. (Institute of Terrestrial 
Ecology, Cambridge: 1981.) £2. 

NEIDLE, S. (ed.) Topies in Nucleic Acid Structure. Topics in Molecular and 
Structural Biology. Pp.221. ISBN 0-333-26678-1. (Macmillan Press, London & New 
York: 1981.) £20. 

NEUBERGER, A. and VAN DEENEN, L. 
Vol. 19A, Amino Acid Metabolism and Sulphur Metabolism, Pp.481. 
0-444-80257-6. (Elsevier North-Holland Biomedical: 1981.) $84, DFE 174, 

NITECKI, M. H. (ed). Biotic Crises in Ecological and Evolutionary Time. 
Pp.301. ISBN 0-12-819640-7. (Academic: 1981.) $25, 

O’DAY, D. H. and HORGEN, P.A. (eds). Sexual Interactions in Eukarvotic 
Microbes. Pp.407. ISBN 0-12-524160-7. (Academic: 1981.) $45. 

PAGE, F. The Culture and Use of Free-living Protozoa in Teaching. Pp.$4, Flexi 
ISBN 0-904282-52-X. (M. J. Woodman, Institute of Terrestrial Ecolagy, 
Cambridge: 1981.) £2.10. 

PAI, A. C. and MARCUS-ROBERTS, H. Genetics. [ts Concepts and 
Implications. Pp.711. ISBN 0-13-351007-7. (Prentice-Hall: 1981.) £16.20. 

PALMER, T. Understanding Enzymes. Pp.405. ISBN 0-85312-202-4. (Wiley: 
1981.) £25, $63.25. 

PANNESE, E. The Satellite Cells of the Sensory Ganglia. Advances in Anatomy, 
Embryology and Cell Biology, Vol. 65. Pp.. Flexi ISBN 3-540-10219-1. 
(Springer-Verlag: [981.) DM 56, $33.10, 

PFAFF, D. W. Estrogens and Brain Function. Neural Analysis of a Hormone- 
Controlled Mammalian Reproductive Behaviour. Pp.281. ISBN 3-540-90487-5 
(Springer-Verleg: 1980.) DM 48, $28.30. 

PHELPS, T. Poisonous Snakes, Pp.256. ISBN 0-7137-0877-8. (Blandford Press, 
Poole, Dorset: 1981.) £10.95, 

PIPER, P. J. (ed.). SRS-A and Leukotrienes. Prostaglandins Research Studies 
Series 1. Proceedings of the Annual Symposium of the Institute of Basic Medical 
Sciences, Royal College of Surgeons of England, September 1980. Pp.282. ISBN 
0-47] oka 5. (Wiley: 1981. ia 


Pp.4i0. ISBN 


L. M. Comprehensive Biochemistry. 
ISBN 


PITOT, H. C. Fundamentals of Oncology. Ind Edn. Pp 
0-$247-1419-9, (Marcel Dekker: 1981.) Swkr. 48. ft ee 
POLLAK, O. J. and KRITCHEVSKY, D. Sitosterol. Monographs on 
Atherosclerosis, Vol. 10. Pp.220. ISBN 3-8085-0568-X. (Karger, Basel: 1983 Swe 
148, DM 177, $88.75. k 
RANSOM, J. E. (assembled by). Harper & Row’s Complete Pield Guide to North: 
American Wildlife. Western Edn. Pp.809. Vinyl ISBN 6-06-181715- 3. (Harper & 
Row; 1981.) $12.95. Also available in Hbk $17.50. ; 
REITZ, R. Menopause: A Positive Approach. Pp.276. Pbk i 004612319 
(Unwin Paperbacks, Hemel Hempstead, Herts: J981.) Pbk £2. = 
REYNOLDS, D. R. (ed.). Ascomycete Systematics. The L ais Concept. 
Pp.242. ISBN 0-387-90488-3, (Springer-Verlag: 1981.) $42.80. 

SEELEY, H. W. Jr. and VAN DEMARK, P. Selected Exercises from Microbe 
Action. A Laboratory Manual of Microbiology. 3rd Edn. Pp. 268. Phy 
0-7 167-1260-1. (W. H. Freeman: 1981.) Pbk $9.96. 

SHAMOO, A. E. (ed.), 2nd International Conference on Carriers and Cha 
Biological Systems-Transport Proteins. Annals of the New York Acad 
Sciences, Vol.358. Hbk ISBN 0-89766-105-2; pbk ISBN 0-89766-106-40, (The & 
York Academy of Sciences, New York: 1980.3 Hbk np; pbk $75. : 

SHIFRINE, M. and WILSON, F. D. (eds). The Canine as a Biomedical Research 
Model: Immunological, Hematological, and Oncological Aspects. L aboratar gi 
Energy-Related Health Research, University of California, Davis, California: 
Pp.425. Pbk ISBN 0-87079-122-2. (National Technical Information Service, WU. Si : 
Department of Commerce, Springfield, Virginia: 1980.) Pbk $74.40. ; 

SLUTZY, G.M. (ed.). The Biochemistry of Parasites. Proceedings of the Satellite 
Conference of the 13th Meeting of FEBS, held in Jerusalem, August 1980. Pp.228. 
ISBN 0-08-026381-X. (Pergamon: 1981.) £16.70, $40. : 

SMITH, L.H., ROBERTSON, W.G. and FINLAYSON, B, feds}, Urolithiasis: 
Clinical and Basic Research. Proceedings of the 4th Imernational Symposium held. 
June in Williamsburg, Virginia. Pp. 1035. ISBN 0-306-40635-7, (Plenary: 198) SiS: 

SMITH, W.H. Air Pollution and Forests. Interactions between Air C ontarminants 
and Forest Ecosystems. Pp.379. ISBN-387-90501-4. (Springer Verlag: TIEFI 
$29.80. . 

SNOWDEN, R, and MITCHELL, G.D. The Artificial Family. A Consideration: 
of Arrtificial Insemination by Donor. Pp. 138. ISBN O-04-1 7600-8. (Allen &® Uinwia, 
London: 1981.) £6.95. 

STEWART, P.A. How to Understand Acid-Base. A Quantitative Acid-Base 
Primer for Biology and Medicine. Pp.186. ISBN 0-444-00406-8. (Elsevier ‘North. 
Holland: 1980.) $22.95, 

THERMAN, E. Human Chromosones, Structure, Behaviour, Effects. Py 238. 
ISBN 3-540-90509-X. (Springer-Verlag: 1980.) DMI37, $21.80, 

TORCHINSKY, Yu. M. Sulfur in Proteins. Pp. 294. SBEN COR-TAIT TRA 
(Pergamon: 1981.) £40, $96. l ; 

TURAKKA, H. and VAN der KLELIN, E. (eds). Progress in Clinical Pharmacy 
HI Proceedings of the 9th European Symposium, Helsinki, Finland, August 1980, 
Pp.358. ISBN 0-444-80338-6. (Elsevier/North-Holland Biomedical: 1981.) $64, 
Df1.133. 

WALLMO, O.C. (ed.). Mule and Black-tailed Deer of North America. Pe toi 
ISBN 0-8032-4715-X. (University of Nebraska Press: 1981.) £17.95, 

WALTERS, 8.M. The Shaping of Cambridge Botany: A Short History of Whale 
Plant Botany in Cambridge from the Time of Ray into the Present Century, Petai 
ISBN 0-521-23795-5. (Cambridge University Press: 1981.5 £17.30, 

WEAKLEY, B.S. A Beginner's Handbook in Biological Transmission Electron 
Microscopy. 2nd Edn. Pp.252. Flexi ISBN 0-443-02091-4. (Churchill Livingstone: 
1981.) £9.75. 

WEBERLING, F. Morphologie der Biiten und der Blitenstinde. Phytologie: 
Klassische und moderne Botanik in Einzeidarstellungen. Pp.391. ISBN: 38001- 
3426-8. (Verlag Eugen Ulmer, Stuttgart: 1981.) DMI108. : 

ZEUTHEN, T. (ed.}. The Apptication af fon-Selective Microelect reves. Research. 
Monographs in Cell and Tissue Physiology, Vol. 4. Pp.286. ISBN DAHER E . 
(Elsevier/ North-Holland Biomedical: 1981.) 399.30, D264. E 


Flexi (SEN 










Applied Biological Sciences 


BARCKLEY, V. (ed.). Basic Concepts in Cancer Nursing, UICE Technical 
Report Series, Vol, 39. Pp.261. Pbk ISBN 92-9018-049-0. (international: Union: 
Against Cancer (UICC), Geneva: 1980.) Pbk SwFr.10, $6 + p&p r 

BASSON, M. (ed.). Rights and Responsibilities in Modern Medicine, Vol. Zina 
Series on Ethics, Humanism, and Medicine, Progress in Clinical and Biological 
Research, Vol. 50. Proceedings of the 1979~1986 Conferences ar the University of: 
Michigan, Ann Arbor. Pp.272. ISBN 0-8451-0050-5. (Alan R. (iss, New Yorks 3 
1981.) $22. a 

BIRDSALL, N.J.M, (ed.). Drug Receptors and Their Effectors, Biological. 
Council. The Co-ordinating Committee for Symposia on Drug Action. Ppr IBA. R 
ISBN 0-333-29327-4. (Macmillan Press, London and New York: 1981,) £30. l 

BRODAL, A. Neurological Anatomy in Relation to Clinical Medicine. 3rd Eds. 
Pp.1053. ISBN 0-19-502694-2, (Oxford University Press: 1981.) £25. p 

CALABRESE, E.J. Nutrition and Environmental Health, The Influence of- 
Nutritional Status on Pollutant Toxicity and Carcinogenicity. Vol. 2, Minerals and. 
Macronutrients. Pp.468. ISBN 0-471-08207-4. (Wilev: 1981.) £28.60, $60. í 

CALMAN, K.C., SMYTH, J.F. and TATTERSALL, MUH.N. Basic Principles 
of Cancer Chemotherapy. Pp.160. Hbk ISBN 0- 333- 21972-4; pbk ISBN 
0-333-30479-9. (Macmillan Press, London & New York: 1980.) Phk £5.95, 

CHADWICK, K.H. and LEENHOUTS, HLP, The Molecular Theory of 
(Springer-Verlag: 1981.) DM124, 








Radiation Biology. Pp.377. ISBN 3-540-10297-3. 
$67.20. 





XXVI 





COHN, W.E. (ed.). Progress in Nucleic Acid Research and Molecular Biology, 
Vol. 25. Pp.256. ISBN Q-12-540025. (Academic: 1981.) $29.50. 
© CURTIS, C.G. et al. Whole-body Autoradiography. Pp.126. ISBN 
U-12-199660-3. 

DAVIS, R.W., BOTSTEIN, D. and ROTH, J.R. A Manual for Genetic 
Engineering. Avanced Bacterial Genetics. Pp.251, Flexi ISBN 0-87969- 130-1. (Cold 
Spring Harbor Laboratory, Cold Spring Harbor: 1980.) $24. (US) $28.80 
(elsewhere). 

DE WECK, A.L. (ed.). Differentiated Lymphocyte Functions, Progress in 
Allergy, Vol. 28 Pp.286. ISBN 3-8055-1834-X. (Karger, Basel: 1981.) SFr.145, 
DM174, $87. 

DOORENBOS, H. (ed.). Non-Surgical Treatment of Malignant Diseases. The 
Jonxis Lectures. A Series of Postgraduate Medical Courses, Vol. 5. Pp.315. ISBN 
90-219-5005-2. (Excerpta Medica, Amsterdam: 1981.) $42.75, Df1.87.50. 

DRUCKER, D.B. Microbiological Applications of Gas Chromatography. 
Pp.478. ISBN 0-521-22365-2. (Cambridge University Press; 1981.) £45. 

FRIEDMAN, M., OGAWA, M. and KISNER, D. (eds). Diagnosis and 
Treatment of Upper Gastrointestinal Tumours. Proceedings of an International 
Congress, Mainz, September 1980. Pp.538. ISBN 90-219-9500-X. (Excerpta 
Medica, Amsterdam: 1981.) $95, Df.195. 

GOLDIN, A. et al. (eds). Experimental Evaluation of Antitumor Drugs in the 
USA and USSR and Clinical Correlations. National Cancer Institute Monographs, 
No.55., Pp.179. (Superintendent of Documents, U.S. Government Printing Office, 
Washington: 1980) $11. 

HADDEN, J. etal. Advances in Immunopharmacology. Proceedings of the Ist 
International Conference on Immunopharmacology, July 1980, Brighton, England. 
Pp.$17. Hbk ISBN 0-08-026384-4; flexi ISBN 0-08-027974-0. (Pergamon: 1981.) 
Hbk £33, $80; flexi np. 

HASSELBACHER, P. Clinics in Rheumatic Diseases. Vol.7: No. t, April, 1981, 
The Biology of the Joint. Pp.287. ISBN 0-7216-4569-0. (W.B. Saunders: 1981.) £10. 

INTERNATIONAL AGENCY FOR RESEARCH ON CANCER. Some 
Pharmaceutical Drugs, Vol. 24. [ARC Monographs on the Evaluation of the Car- 
cinogenic Risk of Chemicals to Humans. Pp.337. Flexi ISBN 92-832-1224-X. 
(WHO, Geneva: 1980.) SwFr.40, $25. 

KABRA, P.M. and MARTON, L.J. (eds.). Liquid Chromatography In Clinical 
Analysis. Pp.466. ISBN F0-89603-026-1. (Humana Press, New Jersey: 1981.) $55 
(US), $65 (Foreign). 

KOROCHKIN, L.L Gene interactions in Development. Monographs on 
Theoretical and Applied Genetics, Vol. 4. Pp.318. ISBN 3-540-10112-8. (Springer- 
Verlag: 1981.) DM 98, $51.50. 

LAUFFER, M.A. etal. (eds). Advances in Virus Research, Vol. 26. Pp.265. ISBN 
0-12-039826-5. (Academic: 1981.) £32.50. 

LUBBERS, D.W. et al. (eds). Progress in Enzyme and fon-Selective Electrodes. 
Proceedings of the Meeting held at Dortmund, July 1980. Pp.239. Flexi ISBN 
3-540-19499-2, (Springer-Verlag: 1981.) DM 58, $34.30. 

MAUPAS, P. and MELNICK, J.L. (eds). Hepatitis B Virus and Primary 
Hepatocellular Carcinoma. Progress in Medical Virology, Vol.27. Workshop held at 
the Faculty of Medicine, Dakar, Senegal, April 1980. Pp.208. ISBN 3-8055-1784-X. 
(Karger, Basel: 1981.) SwFr. 125, DM150, $75. 

McGRATH, C., BRENNAN, M.J. and RICH, M.A. (eds). Cell Biology of Breast 
Cancer. Pp.516. ISBN 0-12-483940-1. (Academic: 1981.) $33. 

NAHAS, G.G. and FRICK, H.C. H. (eds). Drug Abuse in the Modern World. A 
Perspective for the Eighties. An International Symposium held at the College of 
Physicians and Surgeons of Columbia University. Pp.381. Hbk ISBN 08-026300-3; 
flexi ISBN 08-027550-8. (Pergamon: 1981.) Hbk £20; flexi £9.95, 

NEWELL, G.R. and ELLISON, N.M. (eds). Nutrition and Cancer: Etiology and 
Treatment. Progress in Cancer Research and Therapy, Vol. 17. Pp.460. ISBN 
0-89004-631-X. (Raven: 1981.) $49.50. 

PALMER, W.J. (ed.). Rapid and Automated Methods in Microbiology & 
Immunology: A Bibliography 1976-1980. Pp.265. Flexi ISBN 0-904147-19-3. 
(Information Retrieval, London: 1981.) £15, $36. 

PERLMAN, D. and LASKIN, A.L Advances in Applied Microbiology, Vol. 27. 
Pp.221. ISBN 0-12-002627-9. (Academic: 1981.) $26. 

PURVES, R.D. Micreelectrode Methods for Intracellular Recording and 
lontophoresis. Pp.146. ISBN 0-12-567950-5. (Academic: 1981.) £9.80, $24. 

ROLLA, G., SONJU, T, and EMBERY, G. (eds). Tooth Surface Interactions and 
Preventive Dentistry. Proceedings of a Workshop held at the Hotel Lysebu, 
Voksenlia, Oslo 3, Norway, December 1980. Pp.217. Flexi [SBN 0-904-147-29-0. 
(IRL Press, London: 1981.) £15, $36. 

RUGHEIMER, E. and ZINDLER, M. (eds). Anaesthesiology. Proceedings of the 
7th World Congress, Hamburg, September 1980. Pp.1068. ISBN 90-219-0468-3. 
(Excerpta Medica, Amsterdam: 1981.) $185.50, Df1.350. 

VAN WIMERSMA GREIDANUS, Tj. B. and REES, L.H. (eds). ACTH and 
LPH in Health and Disease. Frontiers of Hormone Research, Vol. 8. Pp.210. ISBN 
3-8055-1977-X. (Karger, Basel: 1981.) SwFr.132, DM158, $79.25. 

WILLIAMS, R.A.D. and KRUK, Z.L. The Biochemistry and Pharmacology of 
Antibacterial Agents. Pp.89. Pbk ISBN 0-85664-858-2. (Croom Helm, London: 
1981.) Pbk £3.95. 


Psychology 


DARLEY, J. M. etal. Psychology. Pp.652. ISBN 0-13-733 154-1. (Prentice-Hall; 
1981.) £12.30. 

DE WOLF, C. J.. SHIMMIN, S and DE MONTMOLLIN, M. Conflicts and 
Contradictions. Work Psychologists in Europe. Pp.196. ISBN 0-12-214650-6. 
(Academic: 1981.) £10.40, $25. 


HOWELLS, J. G. (ed.}. Modern Perspectives in the Psychiatry of Middle Age. 


Modern Perspectives in Psychiatry, Vol. 9. Pp.418 ISBN 0-87630-245-2. 
(Brunner/Mazel, New York: 1981.) $32.50. 

TEDESCHI, J.T. (ed.). Impression Management Theory and Social 
Psychological Research. Pp.369. ISBN 0-12-685180-8. (Academic: 1981.) $29.50. 
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Sociology 

BRITAN, G. M. Bureaucracy and Innovation. An Ethnography of Policy 
Change. Sage Library of Social Research, Vol. 115. Pp 168. Hbk ISBN 
0-8039-1523-3; pbk ISBN 0-8039-1524-1. (Sage Publications, California: 1981.) Hbk 
$18; pbk $8.95. 

COLQUHOUN, W. P. and RUTENFRANZ, J. Studies of Shiftwork. Pp.468. 
ISBN 0-85055-210-9. (Taylor & Francis, London: 1980.) £16.50, 

HARDOY, J. E. and SATTERTHWAITE, D. Shelter: Need and Response. 
Housing, Land and Settlement Policies in Seventeen Third World Nations. Pp.288. 
ISBN 0-471-27919-6. (Wiley: 1981.) £16.95, 

HOLMES, H. B., HOSLINS, B. B. and GROSS, M. (eds). The Custom-Made 
Child?: Women-Centered Perspectives. Pp.368. Hbk ISBN 0-89603-024-5; pbk 
ISBN 0-89603-025-3. (Humana Press, Clifton, New Jersey: 1981.) Hbk $14.95; pbk 
$7.95. 

LUARD, E. Human Rights and Foreign Policy. Pp.38. Flexi ISBN 0-08-027405-6. 
(Pergamon: 1981.) £2.75, $6.75. 

SHAFFER, H. G. Women in the Two Germanies. A Comparative Study of a 
Socialist and a Non-Socialist Society. Pp.235. ISBN 0-08-023862-9, (Pergamon: 
1981.) £13. 


History of Science 


DUKAS, H. and HOFFMAN, B. Albert Einstein: The Human Side. New 
Glimpses from his Archives. Pp.l68. Pbk ISBN 0-691-02368-9. (Princeton 
University Press: 1981.) Pbk £1.95. 

FRANK, R. G. Jr. Harvey and the Oxford Physiologists. A Study of Scientific 
Ideas. Pp.368. ISBN 0-520-03906-8. (University of California Press: 1981.) £16.50, 
$34.40. 

GALDSTON, L. Social and Historical Foundations of Modern Medicine. Pp.147. 
ISBN 0-87630-259-2. (Brunner/Mazel, New York: 1981.) $17.50, 


Anthropology 

BERREMAN, G. D. and ZARETSKY, K. M. (eds). Social Inequality: 
Comparative and Developmental Approaches. Pp.361. ISBN 0-12-093160-5. 
(Academic: 1981.) $32.50. 

HASSAN, F. A. Demographic Archaeology. Pp.298. ISBN 0-12-331350-3. 
(Academic: 1981.) $32. 

McCADAMS, Heartiand of Cities. Surveys of Ancient Settlement and Land Use 
on the Central Floodplain of the Euphrates. Pp.362. ISBN 0-226-00544-5. 
(University of Chicago Press: 1981.) £21. 

NORFORD, B.S. Geological Survey of Canada Bulletin 327. The Trilobite Fauna 
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Fly. 1 A possible subdivinon of 
Asia into various palacoblocks 


Surface geology suggests that Asia may be divided tectonic- 
ally into blocks that once existed as separate plates*’*, We Have 
divided Asia into the late Palaeozoic blocks illustrated in Fig. 1. 
In the north the Soviet Union occupies the Siberian and 
Kazakhstan blocks with the Kolyma and the Sikhote Alin blocks 
to the east. The Cenozoic fold belts of Japan and Kamchatka lie 
on the eastern edge. A South-east Asian block comprises 
Indochina, the Malay peninsula, West Kalimantan (Borneo) 
and the north-east part of Sarawak. Palacomagnetic results’ 
show that the Malay peninsula and West Kalimantan were a unit 
in Cretaceous times; we have tentatively extended this 
conclusion back to the late Palaeozoic. 

The four palaeoblocks in China are named following Huang". 
The Sino-Korean block is bounded by the Siberian block to the 
north and by the Qinling foldbelt to the south, separating it from 
the Yangtze block. To the west the Qinhai-Tibet block is 
bounded by the Himalayan foldbelt to the south and the Kunlun 
foldbelt to the north. In the north-west, the Tarim block is 
bounded by the Kunlun and Tien Shan foldbelts to the south and 
north respectively and the Nan Shan foldbelt to the east. It is not 
clear whether the Quaidam Basin to the south-east should be 
included as part of the Tarim block, nor whether the adjoining 
Ala Shan region to the east should be included as part of the 
Sino-Korean block as shown. In the extreme north-west of 
China, the Dzungar block is probably an eastern extension of the 
Kazakhstan block’ as indicated in Fig. 1. At present, the sub- 
division indicated in Fig. 1 is the simplest view; until detailed 
palaeomagnetic information is available, further subdivision is a 
matter of speculation. 

Sampling of the late Palaeozoic (mainly Permian) type 
sequences was carried out at Ximing in the vicinity of Taiyuan, 
Shanxi Province (37.8 °N, 112.3 °E) on the Sino-Korean block 
and in the Emei Mountain region (29.6°N, 103.4 °E) of the 
Yangtze block. Usually cores were drilled in the field using a 
portable drill, but some blocks were collected where the nature 
of the material made in situ drilling too difficult. Both the cores 
and the block samples were oriented using a Sun~compass 
orienting device. 

In the Sino-Korean block, the sequence near Taiyuan is 
essentially flat-lying, ranging from Upper Carboniferous 





through to the early part of the Lower Triassic. Although this 
whole sequence, covering ~ 1,300 m -hickness, was sampled in 
the same detail (286 samples), we report here only from the 
redbed sequence in the Upper Permian. This sequence of red 
sandstones, siltstones and mudstones >overs ~ 500 m thickness 
and takes in the uppermost member of the Upper Shihezi 
Formation (83 samples) and the overlying Shiqianfen Formation 
(43 samples). The type section has been subdivided into a 
sequence of numbered layers of varying thickness according to 
rock type. The results reported hese cover layers 100-129 
inclusive. The top of layer 129 corresponds to the top of the 
Shigianfen Formation and is estimated to be at the top of the 
Upper Permian or very close to the base of the Lower Triassic. 

In the Yangtze block the late Palaeczoic sequence near Emei 
Mountain is confined to the Permian and sedimentation exten- 
ded into the early part of the Lower Triassic. The Permian 
sequence consists of Lower Permian Lmestones overlain in the 
Upper Permian by the Emeishan Basalt Formation and the 
Xuanwei Formation of redbeds. In th= type section 17 flows of 
the basalt are exposed and have been folded so that the lowest 
11 dip at 77° in a direction 64° tnorth-east) whereas the 
overlying six flows and the Xuanwei Formation dip at 87° 
towards a direction 62° (north-east). A second sequence was 
sampled ~50 km to the south-west. dere only seven flows of 
the basalt are exposed dipping at 6° in a direction 125° 
(south-east). The folding took place probably in the late 
Cretaceous and the structural combination sampled provided 
excellent prospects for the applicatior of the fold test. As with 
the Sino-Korean sequence we report kere only the results from 
the Upper Permian Emeishan Basalt end Xuanwei Formations. 
From the 24 flows 125 cores were driLed and 17 samples of the 
Xuanwei Formation were collected. Previously Wang ef al.’° 
have reported results from 10 samples of Emeishan Basalt in the 
Emei Mountain region and from 8 samples of Permian sedi- 
ments from Shandong in North China In both cases the results 
were widely scattered (circle of confidence >25 °) and, as no 
cleaning was carried out, it has been difficult to assess their 
significance. 

Laboratory investigations were carried out at the 
palacomagnetic laboratories at the ANU and CSIRO. All 
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Fig. 2 Directions of magnetization. a, Observed in the Emeishan Basalt Formation (@O©) and the overlying Xuanwei Formation redbeds (E) 

before (left) and after (right) restoring the strata to the horizontal. b, Observed in the upper member of the Upper Shihezi Formation (®0) and 

overlying Shigianfen Formation (WC). Stereographic projection, solid symbols on the lower hemisphere and open symbols on the upper 
hemisphere. *%, Direction of the present axial dipole field. 


samples were subjected to stepwise thermal demagnetization, 
up to 670 °C in the case of the Xuanwei Formation and 570 °C in 
the case of the basalts. Some basalt samples were also treated in 
alternating magnetic fields. Thermal demagnetization seemed to 
be the most efficient process for cleaning. Data processing was 
carried out using orthogonal vector diagrams following Zij- 
derveld"' and these were analysed using the method of Kirsch- 
vinik’*, The principal components deduced from this analysis 
generally revealed uniformly directed high temperature 
components of magnetization for each formation. Characteristic 
directions were observed in all but four basalt flows but in only 
six samples of the redbeds. In both sections a persistent NW-SE 
overprint magnetization was observed, clearly post-folding in 
age. 
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In the main type section the 14 in situ basalt directions lie very 
close to the direction of the axial dipole field direction (0°, 
+48.6°) or the present geomagnetic field direction (359 °, + 43 °) 
before applying the bedding correction. However, this is not the 
case at the second section where the directions in situ diverge 
widely from the present field. On applying the bedding cor- 
rections the directions from the two sequences converge, 
confirming the successful application of the fold test (Fig. 2a). 
The mean in situ directions for the 14 flows in the type section is 
D =348.0°, I = +39.7°, k=55.3 and a9,;=5.4°. This mean 
direction is significantly different from that of the present 
geomagnetic and the axial dipole field, strongly suggesting they 
were not remagnetized in Recent times. The proximity to the 
present field direction must be regarded as coincidence. 


Fig. 3 Late Permian palaeogeo-~- 
graphical map showing possible 
positions of the various blocks of 
Asia in the Tethys Ocean (or 
proto-Pacific). Relative longitudes 
are indeterminate so that the order 
in which the blocks are placed is 
arbitary. The reconstruction of 
Gondwana with Laurasia is 
Pangaea B from ref. 16. 
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The significance of the fold test may be assessed in two ways. 
Following ref. 13, the ratio of precisions of the 22 site mean 
directions (Emeishan Basalt plus Xuanwei Formation) before 
(k; = 5.5) and after (k = 26.4) applying bedding corrections are 
compared with F-ratio tables with 2(N — 1) degrees of freedom. 
The ratio k,/k, = 4.8 and this is very much higher than the value 
2.0 for Fag42 at the 1% level. This suggests that the fold test is 
sucessful at the 99% confidence level. A more sophisticated and 
rigorous test proposed by McFadden and Jones’* compares the 
lengths of the resultant vectors R, from each of m limbs of a 
folded system with the overall resultant R to test whether or not 
they have a common mean direction. The statistic 


_(N-m) 2R,~(R’/EZR) 
~(m-1) 2(N-ZR) 


is compared using F-ratio tables with 2(m—1) and 2(.N—m) 
degrees of freedom. In the present case N =22 and m =3 as 
indicated in Table 1. Before folding, the statistic P has a value 
21.2 which is well above the 5% significance point of 2.6 for 
F,3,. The hypothesis of a common mean direction before fold- 
ing may therefore be rejected. After folding, the statistic P 
reduces to 1.3 so that there is no reason to suppose that they do 
not have a common mean direction. The fold test is thus highly 
significant (Fig. 2). 

Samples from the flat-lying redbed sequence near Taiyuan 
were subjected to successive thermal demagnetization to 
670 °C. The Zijderveld diagrams showed that some rock types, 
particularly the sandstones, were strongly overprinted in the 
direction of the present geomagnetic field. The red mudstones, 
however, appeared to have little or no overprint components. 
After analysing the Zijderveld diagrams, characteristic 
components could only be determined for ~50% of sampies. 
The characteristic directions revealed by principal component 
analysis have been averaged by layer and are shown in Fig. 2b. 
Overall means are given in Table 1. 

In both the Taiyuan and Emei Mountain sequences the 
palacomagnetic results show a basal single polarity zone in the 
Upper Permian overlain by a mixed zone of alternating polari- 
ties. We take this to indicate the top of the late Palaeozoic 
(Kiaman) Reversed Interval as found in rock sequences from 
around the world’. If this is correct then the basal directions in 
each sequence must be regarded as having reversed polarity. In 
terms of pole positions the Upper Permian of the Sino-Korean 
block has a mean (reversed) direction from 12 sites at D= 
138.4 °, I = —21.5 ° and this corresponds to a North Geographic 








Table 1 Mean directions of the characteristic magnetizations observed 
in Upper Permian rocks of the Yangtze and Sino-Korean blocks 





of China 
Yangtze Block (29.6 °N, 
103.4 °E) 
Xuanwei Formation 2 240 -2.4 1.9323 14.8 - 
Emeishan Basalt 
Uncorrected 20 4.1 +26.4 16.5031 5.4 15.5 
Corrected for dip 20 17.8 -69 192866 26.6 6.4 
Limb 1 7 15.7 ~7.6 6.7649 25.5 12.2 
Limb 2 9 160  -2.4 8.8955 76.6 5.9 
Limb 3 6 25.3 -11.3 5.6415 14.0 18.5 
Overall mean 
Uncorrected 22 2.3 +29.2 18.1816 5.5 14.6 


Corrected for dip 22 18.4 
Sino-Korean block (37.8 °N, 112.3 °F) 


~6.5 21.2032 26.4 6.2 


Shigianfen Formation 3 310.3 +24.2 2.9536 43.1 19.0 
Upper Shihezi redbeds 9 141.0 -—20.5 88113 42.4 8.0 
Overall mean 12 138.4 —21.5 11.7274 403 6.9 





Unit weight given to cach defined sedimentary layer or lava flow. N, 
number of layers or flows; D, declination and J inclination of mean 
direction; R, resultant of N unit vectors; k, precision parameter; aps, 
circle of 95% confidence about the mean direction. 
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Table 2 Permian palasomagnetic poles and palacolatitudes of the 


various blocks of Asia 
Permian Central Palaco- 

Crustal block Pois location latitude Ref 
Siberia/Karakhstan 47°N 157"E 60°N100°E 57.5°N 16 
Kolyma 52°N279°E 65°N150°E 33.4°N 18 
Sikhote Alin 18°N196°E 48°E137°E 33.9°N 19 
Sino-Korea 44°N358°E 38°N115°E 9.8°N Thisstudy 
Yangtze §4°S 72°E 28°N110°E 1.7°N Thh study 
Southeast Asia 57°N 152°E 10°N105°E 30.8'°N 5 
Japan — 35°N 136°E 5°% 6 


Pole at 44.3 °N, 357.8 °E. Likewise the Upper Permian of the 
Yangtze block has a mean (reversed) direction from 22 sites at 
D =18.4°, [=-6.5°, corresponding to a North Geographic 
Pole at 53.7 °S, 72.1 °E. 

Both results indicate that the Sino-Korean and Yangtze 
blocks lie in low latitudes (11.1 °N and 3.3 °N respectively at the 
localities sampled) during the late Permian. This contrasts with 
the high latitudes (> 50 °N) experienced by the Siberian block at 
this time’’*. Thus both these major blocks of China were well 
separated from the Siberian block. Furthermore the Sino- 
Korean and Yangtze blocks were not in their present relation- 
ship to one another, and a relative rotation of 120 ° has occurred 
between them since the late Permian. 

Table 2 summarizes the Permian palaecomagnetic poles that 
have been obtained from the various blocks of eastern Asia. 
Also indicated is the Permian palaeolatitude of a central loca- 
tion in each block. It is generally visualized that in a recon- 
struction of the Pangaea the northern part of Gondwana and the 
southern parts of Asia formed a wide wedge suggesting that a 
very wide ocean, the Tethys Ocean (or proto-Pacific), separated 
these regions. Palacomagnetic data have already indicated that 
the six crustal blocks of Asia in Table 2 were widely separated 
from the Siberian block in the late Permian, and were located in 
low latitudes. Apparently, therefore, these crustal blocks must 
have occupied the centre of this large ocean. 

Figure 3 shows a possible palaeogeographic reconstruction of 
Asia in late Permian times. We assume that the 
Siberla/Kazakhstan block has just collided with Europe and 
they have a common pole as shown in Table 2 16, We assume also 
that Qinhal-Tibet either formed a part of Greater India, or else 
was situated in the Southern Hemisphere in the vicinity of 
India’. For simplicity Iran is included as part of Arabia. In 
reconstructing the relative position of Gondwana and Laurasia 
in late Palaeozoic times we have followed the scheme outlined 
by Irving’ in which there were two configurations of Pangaea, A 
and B. In Fig. 2b therefore the configuration is that of Pangaea B 
before its rearrangement into Pangaea A (similar to Wegener's 
reconstruction), The various blocks of Asia are then placed in 
their correct latitude and orientation but the relative longitudes 
are as yet unknown. Thus in Fig. 3 the relative order and spacing 
of the various blocks is purely arbitary. Recalling that Permian 
results from Japan suggest equatorial latitudes as well as for this 
block, there was clearly a large amount of continental crust 
occupying the Tethys Ocean. Whether or not these blocks 
previously made up the supposed lost continent of Pacifica” is 
not yet clear. However, if these blocks did make up Pacifica, they 
were not in the neighbourhood of Australia in the late Permian 
as has been proposed”, nor is it likely that they were associated 
with Gondwana. 

This project is part of a cooperative program between the two 
palacomagnetic laboratories in Australia and the Chinese 
Academy of Geological Sciences. It could not have been under- 
taken without the extensive assistance provided by the geologi- 
cal field teams in China. We thank Wang Zejiu, Vice-President 
of the Academy, and Team Leaders Wang Ber Lin, Shanxi 
Province and Tao Xien Lin, Sichuan Province for invaluable 
assistance. 
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Francis H. Y. Green, Val Vallyathan, 
Michael S. Mentnech, James H. Tucker 
& James A. Merchant 


Division of Respiratory Disease Studies, Appalachian Laboratory for 
Occupational Safety and Health, National Institute for Occupational 
Safety and Health, Morgantown, West Virginia 26505, USA 


Peter J. Kiessling, John A. Antonius 
& Philip Parshley 


Emanuel Hospital, 2801 N. Gantenbeim Avenue, Portland, 
Oregon 97226, USA 





In vitro studies of the mutagenic, fibrogenic and cytotoxic 
potential of Mount St Helens volcanic ash, and its likely 
effect(s) on immunological, antiviral and antibacterial defence 
mechanisms, have been reported elsewhere'’. These studies 
indicated that the ash has a moderate fibrogenic potential as it 
was markedly cytolytic in a sheep red blood cell haemolysis 
assay, had a stimulatory effect on W1-38 fetal lung fibroblasts 
and increased production of acid hydrolases by ash-exposed 
alveolar macrophages. We report here that in rats exposed 
intratracheally to volcanic ash, there was an acute pulmonary 
inflammatory response, followed by a granulomatous and fibro- 
tic reaction which persisted until the end of the 6-month study 
period. We also examined the lungs of two heavily exposed 
humans and found lesions consistent with a reaction to volcanic 
ash. Although the ash does not seem to be highly toxic, these 
results suggest that precautions should be taken to minimize 
exposure of high-risk individuals. 


fa he 








Our in vivo experimental model used 10-12-week-old SPF 
Fischer 344 rats injected intratracheally with 10 mg volcanic ash 
in 0.25 ml sterile saline (0.9%). Control animals received the 
same volume of saline alone. The ash was a dry sedimented 
sample from the first volcanic eruption collected at Spokane (a 
city 340 km from Mount St Helens). Mineralogical analysis 
using X-ray powder diffraction (XRD) and scanning electron 
microscopy (SEM) combined with energy dispersive X-ray 
analysis (EDX) and light microscopy indicated that most of the 
particles belonged to the plagioclase class of minerals (sodium, 
calcium and aluminium silicates) and that the ash was similar in 
composition to sedimented samples analysed elsewhere". Other 
minerals identified included albite, oligoclase, bytownite, 
labradorite, titano-magnetite, hornblende and silica. Total 
crystalline silica constituted 7.2% by weight, of which 4.2% was 
cristobalite and 3.0% was quartz. Stereological analysis showed 
the respirable fraction of the ash (<10 pm in diameter) to be 
99% by count and 81% by weight. 

Groups of 10 or less exposed or control rats were killed at days 
1 and 7 of the study period and at 1, 3 and 6 months. At day 1, 
the lungs showed a focal acute inflammatory cell response at the 
level of the terminal bronchioles and alveolar ducts, the reaction 
corresponding to sites of maximum ash deposition. At 7 days, 
the reaction was still focal in nature but mononuclear cells now 
predominated. Animals examined at 1 and 3 months showed a 
widespread granulomatous reaction. The granulomas were 
composed of macrophages, lymphocytes and ash in a reticulin 
stroma; some showed a central necrotic area and contained 
foreign body type giant cells. At 6 months, the granulomas were 
larger and contained more collagen than observed earlier (Fig. 
la). SEM combined with backscattered electron imaging (BSI) 
and EDX confirmed that the mineral particles in the lung were 
similar in elemental composition to the original ash sample 
(Fig. 15). 


Fig. 1 a, Photomicrograph of rat lung examined 6 months after intratracheal injection of 10 mg volcanic ash. A granuloma composed of 

macrophages, lymphocytes, fibroblasts, giant cells and volcanic ash is seen, surrounded by relatively normal lung tissue (haematoxylin and eosin 

strain), 6, Granuloma from adjacent section of the same animal examined in the BSI mode of the SEM. Volcanic ash particles in the granuloma 
appear black. Inset, EDX analysis of one of the particles detected by BSI, showing characteristic elemental peaks. 





0028-0836/81/380216—02$01.00 


© 1981 Macmillan Journals Ltd 


Nature Vol. 293 17 September 1981 


217 








Fig.2 Photomicrograph of lung from the logger who died 16 days 

after being rescued from Mount St Helens. Two organizing intra- 

alveolar granulomatous lesions are seen. Volcanic ash was 

identified in similar lesions by SEM combined with BSI and EDX 
(haematoxylin and eosin stain). 


In addition, we have recently reviewed two unique cases of 
ash exposure in humans. The individuals were in a group of four 
loggers who were working in the area of the original blast on 18 
May 1980. One died and the other three were admitted to the 
hospital with extensive burns; of these one survived with no 
apparent pulmonary dysfunction, and two, having generalized 
sepsis and pneumonia, died after 10-16 days*. In one of these 
two cases, the lungs showed intra-alveolar foci resembling the 
giant cell granulomatous lesions seen in the animal studies (Fig. 
2), and the other showed an acute interstitial reaction with 
clusters of giant cells containing ash in the alveoli. Back- 
scattered scanning electron microscopic studies revealed 
inorganic particles in tissue sections which showed X-ray spectra 
similar to those of ash. 

The laboratory studies reported here indicate that volcanic 
ash is moderately fibrogenic and should be considered a pneu- 
moconiosis risk in heavily exposed individuals. Our preliminary 
observations of two humans heavily exposed to ash support this 
but certain qualifications must be made. First, the in vivo data 
are based on exposures far in excess of those likely to be 
encountered by the general population; second, these exposures 
were acute whereas future human exposures are likely to be to 
low concentrations of ash over relatively long periods. Finally, 
although the lesions seen in the loggers’ lungs were similar in 
some respects to those in the animals, confounding factors such 
as burn injury, therapy and infection made it difficult to interpret 
the pathogenesis of the lesions. 

The granulomas produced in experimental animals resembled 
those associated with mixed mineral dust exposure’, which are 
considered to represent a reaction to the crystalline forms of 
silica modified by other silicate minerals or oxides of iron’. 
Although non-quartz silicates, by themselves, are considered to 
be only weakly fibrogenic, a previously unrecognized pneumo- 
coniosis was recently reported in California farm workers in 
which silicate minerals were implicated in the pathogenesis of 
pulmonary fibrosis®. Further work is required to determine 
which ash component(s) exert the fibrogenic effect. Based on 
these studies, and in view of uncertainty about future volcanic 
activity, we think precautions should be taken to monitor and 
minimize ash exposure in those likely to be heavily exposed. 
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Inherited retinal dystrophy in RCS 
rats: a deficiency in vitamin A 
esterification in pigment epithelium 
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The RCS (Royal College of Surgeons) mutant strain of rats’ has 
often served as a model for the study of inherited retinal 
degenerations. Lamellar outer segment debris accumulates 
early in the course of the dystrophy, prebably as a consequence 
of a markedly diminished ability of the retinal pigment epi- 
thelium (RPE) to phagocytose photereceptor disks’*. The 
RPE seems to be the primary site of the genetic defect, and 
faulty recognition mechanisms in the RPE cell membranes may 
be involved in the disease process. The observation of an 
unusually active retinol esterifying enzyme in the microsomal 
fraction of cattle RPE‘, that may form part of a vitamin A cycle 
in this cell layer’, prompted us to investigate retinol metabolism 
in the RPE of the RCS rat. We have now found that in 
dystrophic animals, a pronounced defect of retinol esterifying 
enzyme is apparent as early as the 10th postnatal day, and is 
accompanied by a small excess of retinol in the RPE. 

Dystrophic, pink-eyed, tan-hooded rats of the RCS strain and 
control rats, either albinos of the Wistar strain or the RCS-rdy’ 
congenic strain, were reared from birth in 12-h cyclic illumina- 
tion of less than 2 ft-candles. The animals were killed 3 h or more 
after the onset of fluorescent laboratory light (20-30 ft-candle). 
All RPE homogenates were prepared from age-matched litters 
of 5-15 animals by enucleating the eyes and, under a dissecting 
microscope, removing the anterior portions and the neural 
retina. The posterior eye cups were sonicated (Braunsonic 3008S, 
microprobe) for 15 s in 0.9% NaCl and then discarded. This 
homogenate was used for all experiments. Sonication effectively 
removes all the RPE cell layer plus the adjacent choroidal tissue 
in both RCS and control rats (Fig. 1). The sclera remains 
essentially unaffected. The 10-day old RCS eye cup is 
morphologically similar to the control, whereas the 20-day old 
RCS preparations contain strongly adhering debris which 
cannot be surgically removed in animals of this age. 

We have chosen only dim cyclic illumination for these studies 
so as to avoid any harmful effects of prolonged exposure to high 
intensity light, to which albino rats seem especially sensitive’. 
Previous measurements of retinol in the ‘pigment layers’ of fully 
light-adapted RCS rats showed an increase of 50-100% over 
that present in albino controls’. We have re-examined this 
finding under our lighting conditions because the absolute level 
of vitamin A in the pigment epithelium will vary according to the 
degree of light adaptation'”. Retinol and retinyl ester were 
measured in the RPE of 10-12-day-old rats but not in older 
animals because of artefacts that would be introduced owing to 
the lamellar debris present (Fig. le). Table 1 shows an increased 
retinol content of 25-30% in dystrophic rats and a concomitant 
decrease in retinyl ester. The raised level of retinol found in the 
RCS pigment epithelium under our lighting conditions is less 
than the excess reported by Reading’ in animals of comparable 
age, and when subjected to statistical analysis (Student's paired 
t-test), the differences were not significant (P > 0.05). 

The relatively small excess of retinol in RCS pigment epi- 
thelium probably does not arise from enhanced lability of 
photoreceptor rhodopsin’, because the bleaching properties of 
the visual pigment seem to be normal*"''. Retinol, however. also 
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reaches the pigment epithelium from the circulation’, and this 
is undoubtedly an important source of vitamin A in this cell 
layer, especially in 10-—12-day-old rats whose eyes are still closed 
and whose visual cycle is not yet fully operative’. 

The possibility of a defect in retinol esterifying enzyme was 
tested by examining this activity in four age-matched groups of 
control and RCS rats. The results (Fig. 2) show a striking 
deficiency in all groups examined. No esterification was detect- 
able in 10-day-old RCS rats except at low substrate concen- 
trations, whereas at a comparable age, measurable activity 
(~0.6 nmol of ester formed per h per mg protein) was always 
observed in the controls; 12-day-old RCS rats showed only 
about 15% of normal activity. In most age groups, at substrate 
concentrations approaching or reaching saturation for the 


control enzyme, that is, > 1.5-2 uM, the RCS enzyme exhibits 
only about 15-20% of normal activity. Double reciprocal plots 
of the velocity curves in Fig. 2 corroborated this, showing that 
the apparent Vna; was about four to five times higher in the 
controls than in the RCS rats. On the other hand, the apparent 
K,,, values for retinol esterification were similar in the RCS and 
control rats, both being in the range of 0.5-1.5 10° mol I’. 

The 20-30-day-old RCS pigment epithelium had relatively 
higher esterifying activity than that found in the other age 
groups of RCS rats, approaching ~ 35-45% of controls, espe- 
cially at low substrate concentrations (Fig. 2). It was suspected 
that some of this activity could have derived from the adhering 
lamellar debris (Fig. le), which begins to accumulate early in the 
course of the retinal dystrophy’ * and reaches its maximum 





Fig. 1 Semi-thin (1.0 pm) sections of posterior eye cups of 10-dav-old and 20-day-old RCS and control rats after removal of neural retina, a, Eye cup from 
10-day-old control before sonication (X 255). Inset: appearance of RPE and choroid at higher magnification (x 360). b, Control eye after sonication, showing 
removal of RPE and choroid, with sclera essentially intact ( x 255). c, 10-day-old RCS eye cup before sonication, Note that its morphology is similar to that of the 


control eye cup ( x 255). Inset: 10-day-old RCS eye cup 
control, e, 20-day-old RCS eye cup before sonication. Note the layer of 


cup at higher magnification ( x 360). f, 20-day-old RCS eye cup after sonication, S$ 


at higher magnification ( x 360), d, 10-day-old RCS eye cup after sonication is similar in appearance to the 
outer segment debris adhering to the RPE (x 255), Inset: appearance of RCS posterior eye 


howing removal of RPE, choroid and lamellar debris, but leaving the sclera 


essentially intact | x 360). 
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between about the 25th and 40th postnatal days”’’*. To test this 
possibility, the photoreceptor debris was isolated from 20-30- 
day-old RCS rat retinas by the method of Delmelle and co- 
workers" and, using the assay described in Fig. 2 legend, it was 
found to have retinol esterifying activity of 1.6-3.7 nmol per h 
per mg protein. The amount of lamellar debris in pigment 
epithelial homogenates can be estimated from rhodopsin 
content'* and these measurements showed that in 20-30-day- 
old RCS rats, ~8~-25% of the total photoreceptor debris 
adheres to the pigment epithelium, the absolute amount varying 
with the dissection technique. A simple calculation shows that 
the debris present in RPE homogenates of RCS rats could 
contribute ~ 20-50% of the total retinol esterifying activity 
detected. Even though the activity in debris and RPE need not 
be due to the same enzyme, the precise extent of esterifying 
deficiency in -the RPE ‘cannot be accurately assessed in the 
presence of lamellar debris. 

The interphotoreceptor debris in the RCS rat begins to dis- 
appear from about the 40th postnatal day, and is virtually 
undetectable by the 96th day’’. However, the pigment epithelial 
cell layer remains essentially intact during most of this period, 
notwithstanding certain areas of deterioration that can be 
observed by light microscopic examination’’. In spite of the 
technical problems caused by accumulated debris and a slowly 
deteriorating pigment epithelium, it was nevertheless important 
to examine this activity in the RPE cell layer of completely 
mature RCS rats so as to exclude the possibility of delayed 
development of the retinol esterifying enzyme. We have found 
that in 52~-55-day-old RCS rats, the debris that remains is less 
firmly adherent to the pigment epithelium and by careful dis- 
section can be completely removed. Moreover, as shown in Fig. 
3, the RPE appears normal morphologically at this age. It is 
apparent from the kinetic data in Fig. 2 that the enzyme does 
not, in fact, ‘develop late’; rather, the same degree of deficiency 
of retinol esterification is present in mature RCS rats as in young 












Table 1 Retinol and retinyl ester in the pigment epithelium of 10-12- 
day-old RCS and control rats 





Strain Retinol Retinyl ester 
ng per eye 

RCS 0.42 +0.04 6.03 + 0.96 

Control 0.33+0.06 7.76+0.85 
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Pigment epithelial cell homogenates were obtained by sonication of 
eye cups after removal of the neural retina, using 15-18 animals for each 
experiment. All rats were kept in the lighting conditions described in the 
text. The retinol and retinyl ester were extracted in dim light by addition, 
with mixing, of an equal volume of ethanol, followed by extraction with 
5 vol. of light petroleum (b.p. 35-60 °C). After brief centrifugation, the 
light petroleum was removed and the water~ethanol phase extracted 
twice more. The combined light. petroleum extracts were concentrated 
to a small volume and chromatographed on 0.7 x 3 cm columns of 6% 
water-weakened alumina. The column was first washed with light 
petroleum, and 3% and 50% diethyl ether in light petroleum were 
applied to elute retinyl ester and retinol, respectively. Analytical grade 
or redistilled solvents were used throughout. The effluents were 
concentrated to small volumes, but not to dryness. The final volumes 
were equalized to 1 ml with light petroleum, and the concentrations of 
retinol and retinyl ester determined fluorometrically (325 nm excitation 
and 470nm emission) in an Aminco SPF-125 spectrofluorometer 
equipped with a xenon lamp and integrated timer and printer. The 
instrument was standardized with quinine sulphate (0.2 wg ml!) in 
0.05M HSO, and the samples were read against solvents carried 
through the same procedure as the samples. All-rrans-retinol, freshly 
prepared in the dark by reduction of all-cans-retinal (Sigma) with 
sodium borohydride, was used as the standard. Approximately 10 mg of 
sodium borohydride were added to a solution of 5 mg ml”! of retinal in 
ethanol. After standing for 3-5 min, 2 ml of water and 5 ml of light 
petroleum were added sucessively. The mixture was vortexed and 
centrifuged, and after twice washing the water~ethanol phase, the 
combined light petroleum extracts were concentrated under a stream of 
nitrogen and stored in nitrogen in a tightly fitting glass-stoppered tube. 
The minimum detectable amount of vitamin A was 8 ng. The data shown 
are the means +58.e.m., n = 3. 





rend ATA heb to SHE 





12-day 
1.6 
l i 7 


we 
EEE MOMMA Man FD RAauscannaet het 







| ee: 
52-58-day 


Retinyl ester formed 
(nmol per h per mg protein) 





Ye aai miem ng <eo 

E ARA EARE EARE SEN 
1 2 3 4 
[Retinol] (eM) 


ór f J! 
oo ee 
0 


Fig. 2 Esterification of retinol as a function of substrate concentration in 
homogenates of pigment epithelium from dystrophic ROS rats (O) and 
controls (@). Homogenates were obtained as described in the text, the yield 
of protein being 150-300 wg per rat eye, depending onthe age of the animal. 
All operations were carried out in dim light. The assay mixture of 400 pl 
contained 50-150 pl of freshly prepared pigment epithelial homogenates 
[125-150 peg of protein), 50 umol of citrate-phosphate buffer pH 7.5, and 
*H-retinol (2.21 Ci mmol” t, NEN} in 10-20 pl ethanol at concentrations of 
0.375-4.4 pM. Unlabelled retinol (prepared as described in Table | legend), 
was added as carrier so that the amount of radioactivity in each sample 
incubated was in the range 25,000~50,000 cpn. After 0.5 h incubation at 
30°C, the retinyl ester and retinol were extracted as described in Table I 
legend and elsewhere®*’. The fatty acid moieties of the esters formed during 
incubation were not identified, but it may be assumed that they are either 
palmitate, stearate, or both’’. The 3% and 50% diethyl ether/light 
petroleum effluents from the alumina columns were collected directly into 
counting vials, evaporated under nitrogen and counted in a toluene-based 
fluor in a Packard Tri-Carb liquid scintillation counter. A contro! consisting 
of buffer and substrate, without enzyme, was run with each experiment. The 
small amount of radioactivity in the 3% diethyl ether/light petroleum 
fraction (that is, retinyl ester) was subtracted ‘rom the total ester formed 
during incubation of labelled retinol with tissue samples. Esterifying activity 
was calculated as nmol retinyl ester formed perh per mg protein. All points 
represent the means + sem, ngā, 


10-12-day-old animals. A specific enzymatic defect in the pig- 
ment epithelial cell layer that is demonstrable from day 10 
(when this cell layer is morphologically and functionally normal) 
until adulthood supports the view that a deficiency of retinol 
esterifying enzyme in the pigment epithelium may be the pri- 
mary inherited defect in the RCS rat. The finding that retiny! 
ester is lower, but not totally absent, in the pigment epithelium 
of the RCS rat does not contradict this view because the major 
defect is in the rate at which the ester is formed at high substrate 
concentrations. At lower substrate concentrations (Fig. 2) the 
activity in the dystrophic rat may be sufficient to produce retinyl 
ester in amounts similar to those found in controls. 

That the esterifying deficiency was not due to an inhibitory 
substance in the RCS homogenates was evident from ‘mixing’ 
experiments. Adding graded amounts of RPE from RCS rats to 
homogenates of controls caused no inhibition: instead, small 
increments in esterification corresponding to the individual 
activities contributed by both sources were found. Other aspects 
of RPE metabolism in the RCS rats are normal; for example, the 
retinol-binding protein in pigment epithelial cytosol of the RCS 
rat is indistinguishable from that in the controls'*, and the 
receptors for serum retinol-binding protein also show no 
abnormalities in the RCS rat'®. Essner and co-workers” have 
shown that the lysosomes in RCS pigment epithelium are 
Structurally intact and their enzyme content, as measured 
cytochemically, is normal. We have confirmed this by direct 
biochemical assay’ of N-acetylglucosaminidase, 4-methyl- 
umbelliferyl palmitate hydrolase, acid phosphatase, 6-galac- 
tosidase and a-mannosidase in our RPE homogenates. 
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Fig. 3 Semi-thin (1.0 um) sections of a 52-day-old RCS rat retina. a, 

Before removal of neural retina. Note that the photoreceptors have pycnotic 

nuclei, Outer segment debris is still present, but RPE morphology appears 

normal. b, After removal of neural retina, little or no lamellar debris remains 

adherent to the RPE. These light micrographs are representative of most of 

the areas examined in serial sections of optic cups from RCS rats of this age. 
x620. 


A metabolic block in vitamin A metabolism in the retinal 
pigment epithelium is one of several hypotheses proposed by 
LaVail to explain the photoreceptor cell death in the RCS rat’”. 
In view of the known membranolytic properties of retinol and 
some of its derivatives (excluding retinyl ester)”, it is tempting 
to speculate that a deficiency of esterifying enzyme and a 
concomitant increase in retinol, albeit a small one, could have a 
role in the pathogenesis of the retinal dystrophy in the RCS rat. 
This need not, however, be through direct action on lysosomal 
membranes of the RPE’, but rather on other membrane systems 
in the neural retina or RPE, especially during their early critical 
period of development. 

We thank Drs Matthew LaVail and Michael Hall for breeding 
pairs of RCS and RCS-rdy® rats, and Dr Marsha Kaitz for 
supplying us with animals from her colony. This work was 
supported by the US-Israel Binational Science Foundation, 
Jerusalem, the Eye Research Foundation of Missouri, the NIH 
and the Chief Scientists’ Office, Ministry of Health, Israel. 
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Retinal bipolar cells with double 
colour-opponent receptive fields 
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Cells with colour opponency in each of two spatially antagonistic 
parts of their receptive fields, have been found at various stages 
of the visual pathways in several animal species”. These cells, 
which are said to have ‘double colour-opponent receptive 
fields’, are thought to play a major role in the analysis of 
coloured images by enhancing simultaneous colour contrast’. 
This stage of information processing was heretofore considered 
to begin at the level of retinal ganglion cells'~*. Here we report 
that, in the carp at least, this stage occurs earlier, as we have 
found double colour-opponent receptive fields among the 
retinal bipolar cells of this animal. 

Using techniques described previously’, intracellularly 
recorded responses of bipolar cells were measured in retinas 
isolated from carp (Cyprinus carpio), superfused with an 
artificial saline and partially light-adapted by a constant back- 
ground (2 cd m`°). Eighty-five cells were studied in a series of 
experiments designed to analyse more fully the receptive field 
structure of bipolar cells (A.K. and M.T., in preparation). Many 
of the cells studied were identified from their response charac- 
teristics, that is, sustained and graded voltage changes, lack of 
action potentials and antagonistic centre surround organization 
of their receptive fields. These identifications were confirmed by 
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Fig. 1 Left column: receptive field centre responses of an off- 
centre double colour-opponent bipolar cell to wavelengths 
indicated (in nm) in the far left column. Stimulus diameter, 
100 um. The diameter of the RF centre, as determined from the 
area-amplitude curve, was ~400 um regardless of stimulus 
wavelength. Light intensity was 1.6 x 10°? quanta cm *s ' ateach 
wavelength, which corresponded to ~1 log unit above threshold at 
620 nm. Right column: responses to annuli (0.5 mm i.d., 3.5 mm 
o.d.) whose intensity was 2.2 x 10'? quanta cm ? ~t, which was 
also ~1 log unit above threshold at 620 nm. Horizontal bars 
beneath each column of records indicate timing of stimulus; stimu- 
lation duration = 400 ms. 
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Fig. 2 Receptive field centre responses of the same cell as that 

shown in Fig. 1 to 500-nm spots (left column) and 700-nm spots 

(right column) of various intensities. Spot diameter, 100 um. Light 

intensity at —3.0 log units corresponds to 9 x 10'' quanta cm ° s” 

for both wavelengths. Horizontal bars beneath each column of 
records indicate timing of stimulus. 


light microscope examination of 25 cells which had been filled 
with Procion yellow"? by intracellular, iontophoretic injection. 
Those cells which depolarized in response to a white spot 
(100 zm diameter) positioned at the receptive field (‘RF’) centre 
will be referred to here as ‘on-centre’ cells, while those which 
hyperpolarized to the same stimulus are termed ‘off-centre’ 
cells. Types of cone input to both the centre- and surround- 
components of the RF of each bipolar cell were studied by 
measuring their spectral sensitivities. 

Fifteen on-centre and three off-centre cells had a double 
colour-opponent RF. Figure 1 shows an example of an off- 
centre cell. The polarity of the RF centre response (left column) 
was hyperpolarizing to long wavelengths (580-740 nm) and 
depolarizing to short wavelengths (400-540 nm). Centre 
responses displayed transient components, hyperpolarizing at 
light increment and depolarizing at light decrement. At inter- 
mediate wavelengths (540-580 nm) these transients were 
particularly prominent. The latency of the centre hyperpolariz- 
ing (C—) component was shorter than that of the centre 
depolarizing (C+) component (by ~50ms, at the intensity 
specified in Fig. 1). The C— component might also decay faster 
than the C+ component. 

Response polarities depended not only on stimulus 
wavelength but also on the light intensity. Figure 2 shows 
responses of the same bipolar cell as in Fig. 1, to spots of long 
and short wavelength at various intensities. When the intensity 
of the 500-nm spot was increased to greater than 2 log units 
above threshold, the polarity of the plateau phase of the RF 
centre response reversed from depolarization to hyper- 
polarization. This may reflect a larger maximum amplitude for 
C~ components than C+ components, or perhaps a suppression 
of C+ components by some unknown mechanism. In the 
presence of a strong 660-nm adapting spot, we were unable to 
elicit C+ components. 

The right column of Fig. 1 shows the surround responses, that 
is, those elieited by annuli, at various wavelengths. At each 
wavelength, the polarity of the surround response was opposite 
to that of the centre response: depolarizing to long and hyper- 
polarizing to short wavelengths. The surround response had 
depolarizing-on and hyperpolarizing-off transients. The latency 
of hyperpolarizations elicited by surround stimulation (S—) was 
~70 ms longer than that of surround depolarization (S+). In 
response to annuli which were more than 0.5 log units brighter 
than those used in the experiment of Fig. 1, the plateau phase of 
the surround response to any wavelength was always depolariz- 
ing. This could have resulted from an interaction between S+ 
and S— components, similar to that described between C— and 
C+ components. Centre and surround components responded 





in a double opponent manner within 1.5 log units above 
threshold. is 

Figure 3 illustrates the spectral sensitivity of the RF centre of 
the cell described above. Above 620 nm, the spectral sensitivity ` 
agrees with those of carp red-sensitive cones (ref. 11 and A.K. 
and M.T., unpublished data), whereas around 500 nm, the 
sensitivity of this unit is nearly 0.5 log units lower. Low sensi- 
tivity in this region of the spectrum may be explained by an 
opponent C+ component (see below). E 

The spectral sensitivity of the C+ component (Fig. 3, filled 
circles) peaked at about 500 nm and could reflect input driven by. 
green-sensitive cones or rods. Althouga the absorption spectra 
of rods and green-sensitive cones peak at similar wavelengths, 
we feel that rods are unlikely to be the origin of the C+ 
component for three reasons: (1) the polarity of rod signals is 
identical to that of red-sensitive cone signals in carp bipolar 
cells'*'°, (2) the lowest light intensity which elicited C+ and C~ 
components in our experimental conditions differed by 0.5 log 
units or less, and (3) the backgrourd used in the present 
experiments would have reduced rod irput if any was present", 

Unfortunately, the recording from the cell illustrated in Fig. 1 
became unstable before the spectral sensitivity of the RF sur- 
round could be measured completely. Nonetheless, the response 
polarity of the plateau phase of the surround clearly indicated 
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Fig. 3 Spectral sensitivity of the unit shown in Fig. 1. The 
sensitivity of the centre-hyperpolarizing (C—) component (open 
circles) was defined as the reciprocal of the light intensity necessary - 
to elicit a 4.4-mV hyperpolarization (30% of maximum amplitude} 
during the plateau phase (in this measurement, at 233 ms after the 
stimulus onset). A similar spectral sensitwity was obtained at any 
time between 200 and 400 ms after the onset of the flash, but it 
shifted towards longer wavelengths (s€20 nm) when measured 
sooner, and towards shorter wavelengths (2520 nm) if measured 
within 200 ms of termination of the stimulus. Short wavelengths 
could hyperpolarize the cell in the receptive field centre only at 
relatively high light intensities. The spectral sensitivity of the 
centre-depolarizing (C+) component (Miled circles) was deter- 
mined by setting the criterion at 1.6 mV depolarization from the 
dark membrane potential, again measuring response amplitudes at 
233 ms after stimulus onset. This curve was normalized to that of 
the C~ component by shifting it along the sensitivity axis by 0.5 log 
units. Continuous curve peaking at 620 rm indicates the spectral 
sensitivity of red-sensitive cones in the carp (A.K. and MLT. 
unpublished observation). The continwous curve peaking at 
530 nm is the spectral absorption of green-sensitive cones’*, The 
wavelength at which the C+ component peaks is roughly 30 nm 
shorter than the absorption spectral maximum of green-sensitive - 
cones, which may be due to incomplete isocation of the C+ from the 
C- components. The difference between normalized spectral 
sensitivities of the C— component of this bipolar cell and that of 
red-sensitive cones can be matched with the spectral sensitivity of 
the C+ componen:. 
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colour-opponent input from red- and green-sensitive cones. 
Surround depolarization was largest at about 620 nm, whereas 
surround hyperpolarization was maximum at around 500 nm. 

The response polarities of on-centre bipolar cells were 
opposite to those seen in the off-centre cell described above. The 
responses of these cells displayed C+ and S— components which 
were maximally sensitive to ~620-nm stimuli, and C— and S+ 
components which were maximally sensitive to intermediate 
wavelengths (~500 nm). 

In many bipolar cells, colour opponency was less evident in 
the surround than in the centre. This may be partly due to the 
fact that the green-sensitive component in the surround 
saturates at lower light intensities than in the centre. As it is 
difficult to maintain stable penetrations of bipolar cells long 
enough to measure spectral sensitivities fully, the surround 
green-sensitive component in these cells can be easily over- 
looked. 

The present findings indicate that at least some bipolar cells 
may have RF organization similar to that of double colour- 
opponent ganglion cells’ *°. The specific retinal circuitry which 
produces the response components described here are unclear. 
However, it seems possible that this type of bipolar cell could 
ter direct input to double colour-opponent retinal ganglion 
cei, 
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The undecapeptide substance P (SP) is believed to participate in 
synaptic transmission in primary sensory neurones and in many 
other parts of the central nervous system’”, including (in the rat) 
the pontine structure locus coeruleus (LC). So far, studies of the 
role of SP in the central nervous system have been impeded by 
the lack of a specific antagonist to SP. Immunoneutralization of 
SP has been used’, and more recently synthetic analogues of SP, 
in which D-amino acids are substituted for L-amino acids, have 
been found to block peripheral effects of SP**. We now describe 
experiments which show that the peptide which differs from SP 
in the presence of D-Pro at position 2 and D-Trp at positions 7 
and 9 specifically blocks in vivo the SP-induced excitation of LC 
neurones and is thus a CNS antagonist of SP. 
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Fig. 1 The effect of microiontophoretically applied (D-Pro?, D- 
Trp’’)-SP on the excitatory responses of single LC neurones to 
substance P (SP), acetylcholine (ACh) and glutamate (Glu). a, 
Typical response of an LC neurone to repeated administration of 
SP. No tachyphylaxis is seen and the effect is blocked by simul- 
taneous application of (D-Pro°, D-Trp’”)-SP. The effect of the SP 
antagonist is short lived as application of SP after termination of 
antagonist application produces a normal response. In b and c the 
specificity of the SP-antagonistic action of (D-Pro’, p-Trp’”)-SP is 
established. Application of the antagonist on the same neurone 
completely blocked the SP-induced excitation but not the typical, 
and probably nonspecific, excitation by glutamate (b). For another 
LC neurone (c), application of the antagonist again completely 
blocked the SP effect, without affecting the typical ACh-induced 
excitatory response. The records show average rate histograms, the 
counter being reset every 10 s. Horizontal bars indicate periods of 
ejection and the numbers above show ejection currents in nA. 


In this study, single cell recording and microiontophoretic 
techniques were used to establish in vivo whether the peptide 
(D-Pro’, D-Trp”’)-SP would specifically block the excitation of 
LC neurones by SP. Male Sprague-Dawley rats (~250 g) were 
anaesthetized with chloral hydrate (400 mg per kg intraperi- 
toneally) and mounted in a stereotaxic apparatus. The body 
temperature of the animals was kept at 36-37 °C by means ofa 
heating pad. For single LC cell recording, a 3-mm burr hole was 
drilled in the skull with its centre located 1.1 mm lateral to the 
midline and 1.1mm posterior to lambda. A tentative LC 
neurone was localized as described previously”. The final 
recording site was marked at the end of each experiment by 
iontophoretic ejection of Fast green. The rats were then per- 
fused through the heart with 10% formaldehyde solution and 
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serial 50-um frozen sections of the brain were cut, mounted and 
stained with cresyl violet and counterstained with neutral red. 
Only units within the LC were studied. 

The electrophysiological experiments were performed essen- 
tially as described previously’”’’*. The five-barrel micropipettes 
used were broken to a tip diameter of 3—5 um and each of the 
barrels contained a few strands of fibre glass before pulling to 
facilitate filling of the tips by capillary action’*. The central 
barrel, filled with 2 M NaCl solution saturated with Fast green, 
was used to record action potentials. One of the side barrels 
contained 4 M NaC! solution for automatic current balancing 
and the others contained SP (3.0 mM), (D-Pro’”, D-Trp””)-SP 
(3.0 mM), acetylcholine chloride (ACh; 0.2 M, dissolved in 
0.2 M NaCl, pH 6.2) and L-glutamic acid (20 mM, dissoived in 
0.2 M NaCl, pH 8.6). Both peptides were dissolved in 20 mM 
sodium acetate, pH 4.5 (ref. 13). 

The in vitro impedances, measured at 135 Hz, were typically 
2.5-5 MN in the central barrel and 20-100 MN in the barrels 
containing drugs. The retaining currents for SP and (D-Pro’, 
D-Trp’*)-SP were 0.5nA and 2nA, respectively; previous 
experiments have shown that higher retaining currents for SP 
cause a considerable delay in onset of neuronal response during 
iontophoretic experiments’*. For glutamate and ACh a retain- 
ing current of 10nA was used. Ejections were performed 
frequently to avoid dead-time artefacts. The electrode poten- 
tials were passed through a high input-impedance amplifier and 
filters. Each spike was discriminated and fed into an integrator, 
which was reset every 1 or 10s, and then displayed on an 
oscillographic recorder. 

Most LC neurones responded with an increased firing rate to 
microiontophoretic application of SP at low ejection currents 
(Fig. 1, Table 1). The effect was rapid in onset with a delay of 
~5s. Total recovery was obtained within ~1 min. Microion- 
tophoretic application of (D-Pro?, D-Trp’*)-SP in a dose that 
did not by itself affect the firing rate of most cells (Fig. 1, Table 
1), almost completely blocked the excitatory effect of SP on LC 
neurones (in 22 of 23 cells). Furthermore, our data (Fig. 1) 
demonstrate that the SP-blocking action is short lived. The 
peptides did not cause any obvious alteration in spike amplitude. 
A few cells (6 of 20) responded to application of (D-Pro’, 
D-Trp’*)-SP by a slight decrease in firing rate. However, this did 
not seem to be dose-dependent—in those cases in which inhibi- 
tion was obtained, the ejection current varied between 5 and 
25 nA but in other cases ejection currents up to 50 nA produced 
no inhibition of firing. The same amounts of the peptide that 
blocked the excitation by SP, for the same cell did not 
antagonize the excitatory action of ACh or glutamate on LC 
neuronal firing rate (Fig. 1, Table 1). The well-known response 
of LC neurones to a noxious stimulus, for example, pinching of 
the contralateral paw, which is characterized by a burst of 
activity followed by a quiescent interval’*, was not substantially 
blocked by microiontophoretic application of (D-Pro?, D- 
Trp’”*)-SP to LC neurones. 

These data confirm the previously observed, excitatory effect 
of substance P on LC neurones’*’®, in that, in optimal ion- 
tophoretic conditions (a low retaining current, SP dissolved in 
sodium acetate solution’‘), the effect of SP was rapid in onset— 
this contrasts with the previously reported delayed action of the 
peptide’’. As reported elsewhere", no tachyphylaxis to the 
excitatory effect of SP on LC neurones was seen. Previous data 
indicate that the effect of SP can probably not be ascribed to 
interaction with the excitatory, cholinergic input to the LC’™""6, 
or with opioid mechanisms within this nucleus’*'’: our results 
lend additional support to the former view. 

The major finding of this report, that (D-Pro?, D-Trp’”)-SP 
completely blocks the effect of SP on LC neurones, even in a 
dose which produced no effect on its own, suggests per se that 
this compound has SP antagonistic properties. This is also 
supported by the fact that the same amount of (D-Pro*, D- 
Trp’”)-SP did not block the probably nonspecific, glutamate- 
induced excitation” or the specific ACh-induced stimulation of 
LC neurones'*"*, This finding is in contrast to the action of the 


223 





Table 1 Incidence of responses of LC neurones to microiontophoretic 
application of substance P, (D-Pro’, D-Trp’®)-SP, glutamate and ACh 





Excitation No change Inhibition 


Substance P (3-15) 29 1 0 
(D-Pro?, p-Trp”’”)-SP (5-50) 0 14 6 
Glutamate (2.520) 9 0 0 
ACh (10-15) 7 0 0 
Substance P+ 

(D-Pro’, D-Trp’”’”)-SP 1 22 0 
ACh + (p-Pro’, p-Trp’”)-SP 9 1 0 
Glutamate + 

(D-Pro?, D-Trp’”)-SP 9 0 0 


Numbers in perentheses indicate ejection currents in nA. 


presumed SP antagonist baclofen, which antagonized SP- 
induced excitation of LC neurones, but also consistently 
antagonized the excitatory effects of ACh and glutamate on 
these cells’*, Thus, (D-Pro”, D-Trp’”)-SP seems to have some 
specificity of action. 

The finding that (D-Pro’, D-Trp’”*)-SP alone did not reduce 
the firing rate of most of the LC neurones tested, principally 
indicates that the excitatory SP input to the LC is not critical for 
maintenance of the spontaneous activity of the noradrenergic 
cells. In this regard, the SP input may be analogous to the 
excitatory, cholinergic input to the LC, as neither systemic nor 
microiontophoretic application of cholinergic antagonists 
reduces the spontaneous firing rate of these neurones’™’’. Pre- 
vious studies have revealed that naloxone, when given alone, 
does not alter the firing rate of LC neurones”* in spite of their 
endogenous opioid input’”’*’**°. Thus, it may be that both 
peptide systems are not normally active tonically, but this 
remains to be clarified. For example, the use of chloral hydrate 
anaesthesia may confound the picture, as previous experiments 
have revealed a reduction of SP in the brain during anaes- 
thesia”’, Furthermore, immunoneutralization of SP released in 
the substantia nigra results in inhibition of the release of °H- 
dopamine (DA) from nerve terminals in the caudate nucleus’. 
This result indicates a tonic, excitatary SP influence on the 
nigro-neostriatal DA pathway. Definite conclusions regarding 
the physiological significance of the SP input to the LC must 
await further studies. However, our observations indicate that 
the excitation of LC neurones by noxious stimuli is probably not 
mediated by this SP input. 

In conclusion, our data demonstrate in vivo that (D-Pro’, 
D-Trp’”)-SP effectively, and probably specifically, antagonizes 
the excitatory effect of SP on single cells in a brain nucleus, 
receiving a verified SP input. 

We thank the Swedish MRC (grants 4747 and 4495) and 
Robert A. Welch Foundation for supporting this research. 
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Normal tissues and organs show, on histological examination, a 
pattern of cellular and acellular zones that is characteristic and 
unique for each organ or tissue. This pattern is maintained in 
health but is sometimes destroyed by disease. For example, in 
mobile joints, the articular surfaces consist of relatively acellular 
hyaline cartilage, and the joint space is enclosed by a capsule of 
loose connective tissue with a lining of fibroblasts and macro- 
phages. In the normal joint these cells are confined to the 
synovial lining and the articular surface remains acellular. In in 
vitro culture, macrophages and their precursor monocytes are 
very adhesive, and fibroblasts can migrate and overgrow sur- 
faces such as collagen or plastic used for tissue culture. The 
fibroblasts adhere to collagen by means of fibronectin, which 
they synthesize and secrete’. Because the collagen of cartilage is 
capable of binding serum fibronectin’ and fibronectin is present 
in cartilage during its development’, these cells should, in 
theory, slowly migrate from the synovial lining to the articular 
surface. It is their absence from the articular cartilage in normal 
circumstances, and their presence in such pathological states as 
rheumatoid arthritis, that is striking. We therefore set out to 
determine whether a component of cartilage could prevent 
fibroblast adherence in a defined adhesion assay. As normal 
cartilage is composed of 50% proteoglycans and 50% collagen 
by dry weight“, we tested the possibility that the proteoglycans in 
cartilage inhibit fibroblast adhesion to collagen. We present here 
evidence that fibroblast spreading and adhesion to collagenous 
substrates is inhibited by cartilage proteoglycans. 

Fibroblast adherence to collagen-coated dishes was measured 
in the presence or absence of fibronectin. As expected, only 4% 
of the fibroblasts adhered to collagen without fibronectin 
whereas 70-80% adhered after fibronectin had been bound to 
the collagen. When collagen was incubated with proteoglycans 
either before or after addition of fibronectin, fibroblast adhesion 
was inhibited by 60-70% (Table 1). 

Clusters of chondroitin sulphate chains are released during 
the degradation of cartilage proteoglycans in rheumatoid 
arthritis and these, like the molecule from which they are 
derived, possess multiple anionic charges. We therefore deter- 
mined whether the glycosaminoglycan, chondroitin sulphate, 
mimicked the inhibition of fibronectin-mediated adhesion of 
fibroblasts to collagen seen with intact proteoglycans. However, 
unlike the latter, chondroitin sulphate had no significant effect 
on fibronectin-mediated adhesion. 

Fibronectin also mediates fibroblast spreading on dishes used 
for tissue culture, although adhesion to this surface is indepen- 
dent of fibronectin’. Cartilage proteoglycans also inhibited this 
fibroblast spreading. After 30 min, fibroblasts were well spread 
on plastic surfaces coated with fibronectin (92% spread, 8% 
round) (Fig. 1a). On wells first coated with fibronectin and then 
with proteoglycans, less than 1% of the cells were spread and 
99% were round (Fig. 1b). In each case, 400 cells were counted. 

Thus, two fibronectin-mediated processes, adhesion to 
collagen and spreading on plastic dishes used in tissue culture, 
were inhibited by the addition of cartilage proteoglycans to 
either substrate. These data suggested that proteoglycans bound 
to collagen and plastic surfaces but did not allow conclusions to 
be made concerning the mechanism by which proteoglycans 
inhibited fibronectin-mediated adhesion. To test the possibility 
that proteoglycans inhibited fibronectin-mediated adhesion to 
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collagen by preventing fibronectin binding to surfaces or by 
displacing previously bound fibronectin, we examined the bind- 
ing of iodinated proteoglycans and fibronectin to collagen- 
coated surfaces. The interactions of proteoglycans and collagen 
were studied by incubating '**I-labelled proteoglycans with 
collagen-coated wells. Because preliminary studies indicated 
that collagen bound large quantities of proteoglycans, the 
amount of collagen per well was reduced to 10 pg. Otherwise, 
the conditions duplicated those in the cell adherence studies. As 
increasing concentrations of proteoglycans were added to 
collagen-coated wells, the amount bound increased linearly up 
to a concentration of 20 ug per well (Fig. 2). Thus, the binding of 
the proteoglycans to collagen was saturable and saturation was 
reached at 20 ug proteoglycans per 10 yg collagen per well. In 
contrast, the nonspecific binding of proteoglycans to plastic was 
linear and not saturable. Extrapolating from this data, satura- 
tion of 500 ug of collagen (the concentration used in the cell 
adherence studies) would occur at a concentration of ~1 mg 
proteoglycans per well or 3.3 mg proteoglycans ml‘. The 
fibroblast adhesion studies were done at a proteoglycan 
concentration of 5 mg ml ', a concentration above saturation. 
Binding was specific as well as saturable as it could be blocked 
by a 400-fold excess of unlabelled proteoglycans or chondroitin 
sulphate, but not by bovine serum albumin (BSA) (Table 2). 
Chondroitin sulphate was not as effective at blocking labelled 
proteoglycan binding as was intact cartilage proteoglycan. The 
fact that chondroitin sulphate blocked the binding of proteo- 
glycan to collagen suggests that the proteoglycan-collagen inter- 
actions were due, at least in part, to electrostatic interactions. 
Having shown that cartilage proteoglycans bind to collagen, 
we next studied whether proteoglycans inhibited binding of 





Fig. 1 Spreading of fibroblasts on plastic coated with fibronectin 

or with fibronectin and proteoglycans. Tissue culture plastic wells 

(Falcon) were incubated with fibronectin (30 pug ml ') for 30 min at 

37°C and then with either PBS (a) or proteoglycans (S mg ml) 

().for 30 min at 37°C in a CO; atmosphere. Cells were photo- 

graphed using an Olympus IMT inverted microsope and an Olym- 
pus PM-10AD 35 mm camera system. Scale bar, 50 um. 
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Table 1 Proteoglycan monomers inhibit fibronectin-mediated 
adhesion of PyBHK fibroblasts to collagen 


Plate incubation % Control adhesion 
+ s.e.m. (n) 
First Second 

Fibronectin PBS 100 

PBS Fibronectin 100 

Fibronectin Proteoglycans 34.3+6.8 (3) 

Proteoglycans Fibronectin 36.3+3.8 (3) 

PBS Fibronectin and 28.3+2.9 (3) 

proteoglycans 
PBS Fibronectin and 86.0+3.5 (3) 
chondroitin sulphate 

PBS PBS 3.3403(3) ` 

PBS Proteogtycans 9.04 1.9 (4) 

PBS Chondroitin sulphate 13.3+4.0 (3) 


Proteoglycan monomers mhibit fibronectin-mediated adhesion of 
PyBHK fibroblasts to collagen. Collagen (Sigma type I; actually type I 
collagen) was prepared as described elsewhere? and 300 jul were plated 
in to wells of flexible, clear vinyl, flat-bottomed 96-well tissue culture 
plates (growth area of well = 1.67 cm’; Linbro). Fibronectin was isolated 
from human serum as previously described’’ and diluted to 30 pg mI 
in phosphate-buffered saline (PBS) containing Mg?* and Ca’*. 
Cartilage proteoglycan monomers were from bovine nasal 
septal cartilage (supplied by Dr L. Rosenberg)’*. Proteoglycans were 


dissolved in PBS at 5 mg ml *. Each incubation was for 30 min at 37 °C. 


and wells were washed once with PBS after each incubation. So that 


added fibronectin was the only source of fibronectin in the system, we - 


used freshly trypsinized PyBHK fibroblasts (ICRF), a transformed cell 
line that synthesizes fibronectin at a relatively low level’’. These cells, in 
Dulbecco’s modified Eagle's medium (DMEM; Gibco), were incubated 
in the wells (20,000 per well) for 90 min at 37 °C in a CO, atmosphere. 
The wells were washed three times with PBS and the adherent cells 
removed with trypsin-EDTA and counted in a haemocytometer. Data 
are expressed as % cells that adhered + s.¢.m. (a = number of experi- 
ments) compared with the number of cells that adhered when only 
fibronectin was present (15,120 1,230; n = 5). 

fibronectin to collagen or displaced fibronectin that was already 
bound. Collagen-coated wells were incubated with proteogly- 
cans before and after incubation with '**I-fibronectin (Table 3). 
Previous binding of proteoglycans to collagen neither inhibited 
nor enhanced the binding of fibronectin to collagen and the 


Proteoglycun bound (pg) 





20 40 60 80 100 


[Proteoglycan] (y g per well) 


Fig. 2 The binding of increasing concentration of proteoglycans 
to collagen and plastic. Collagen was prepared as described in 
Table 1 legend and diluted 50-fold before being placed in wells. 
The wells were rinsed once before use. Proteoglycans were 
iodinated using the chloramine T method"®, A mixture of one part 

257 -proteoglycan to 20 parts nonradioactive proteoglycan in 1% 
BSA (Sigma) in PBS was incubated ın both plastic (open symbols) 
and collagen-coated wells (closed symbols) for 30 min at 37°C. 
Wells were washed three times with PBS and the flat portion of the 
wells removed with a razor blade and counted. Four separate 
experiments (A, C, ©, O) were done and each point is the average 

of three wells. 
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incubation of collagen-coated wells with proteoglycans after 
binding of fibronectin to the collagen did not displace the 
fibronectin that was bound. These two lines of evidence 
suggested that proteoglycans and fibronectin were bound to 
different sites on collagen. To determine whether cartilage 
proteoglycans bound to fibronectin, we incubated plastic wells 
with either 1% BSA or fibronectin (30 pg ml) followed by 1% 
BSA, and then with 7*J-proteoglycan (70 ug ml’). Plastic wells 
coated with fibronectin bound 2.84ng+0.29 proteoglycan 
(mean + s.e.m. of three experiments). This is more than twice 
the amount that bound to BSA-coated plastic wells (1.24 ng+ 
0.25). These experiments indicate that proteoglycans do bind to 
fibronectin, but not to surfaces coated with other proteins (for 
example, BSA). 

Our data show that cartilage proteoglycans bind to type I 
collagen in a specific and saturable way. Proteoglycans do not 
prevent fibronectin binding nor do they displace bound 
fibronectin. However, collagen to which both proteoglycans and 
fibronectin have been bound cannot support fibroblast 
adherence, As chondroitin sulphate did not inhibit fibroblast 
adhesion, inhibition of fibroblast adhesion by proteoglycans 
may require their binding to collagen’ or to fibronectin’ by the 
protein core. Alternatively, the large size* of proteoglycan 
monomers (average molecular weight = 2.5 x 10°) may, by steric 
hindrance, mask the cell binding site of fibronectin. This hypo- 
thesis is supported by the results of Weiss and Reddi*, who 
found that hyaluronidase treatment of cartilage rendered 
endogenous fibronectin identifiable by immunofiuorescence. 

Knox and Wells® have also found that exogenous cartilage 
proteoglycan monomers, but not chondroitin sulphate, inhibited 
chick embryo fibroblast attachment to collagen and plastic. The 
exact role of fibronectin is unclear from their system because 
chick embryo fibroblasts produce a high level of fibronectin’ and 


Table 2 Specificity of cartilage proteoglycan binding to 


collagen-coated wells 
% Proteoglycan 
bound + s.e.m. (4) 

1257 proteoglycan 100 
1257 proteoglycan in 1% BSA 86+ 16 (2) 
1237 .proteoglycan in 0.1% chondroitin 

sulphate 31+5 (4) 
125] .proteoglycan in 0.1% 

proteoglycan 12+2.2 (5) 


The binding of proteoglycans to collagen is inhibited by exces 
chondroitin sulphate or proteoglycan. Collagen was prepared as 
described in Fig. 2 legend and incubated with 0.25 ug ‘*"I-proteoglycan 
per well in PBS with or without 1% BSA, 0.1% chondroitin sulphate or 
0.1% proteoglycan. Data are expressed as % total proteoglycans that 
bound in PBS alone (0.070 ug per well+ 0.008, n =5) + s.e.m. (n = 
number of experiments). 





Table 3 Effect of proteoglycans on binding of fibronectin to 


collagen-coated wells 
ug Fibronectin 
bound + s.e¢.m 
Plate incubation (n) 
First Second 
BSA 1257. fibronectin 1.44+0.095 (4) 
ycans 457 fibronectin 1.25 +0.100(4) 
~ I-fibronectin BSA 0.69+0.110 (3) 
*71-flbronectin Proteoglycans 0.66 + 0.092 (3) 





Proteoglycans do not inhibit the binding of fibronectin to collagen. 
Collagen was prepared and incubatons carried out as described in Table 
1 legend. The concentration of proteoglycan was 5 mg ml7'; that of 
fibronectin, iodinated using lactoperoxidase “, was 30 ug ml~'. Data are 
expressed as ug fibronectin bound per well + s.e.m. (nm = number of 
experiments). The decrease in amount of fibronectin bound when 
fibronectin was the first Incubation ts presumably due to loss of collagen 
from the surface that occurred during incubation at 37 °C (ref. 15). 
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many of their experiments were done in medium containing 
serum. 

Our data support the hypothesis that it is the proteoglycan 
component of normal cartilage which prevents fibroblast 
adherence to the articular surface. The loss of proteoglycans 
from cartilage or other tissues during inflammation could create 
a suitable substrate for the migration of adjacent fibroblasts. 
Thus in rheumatoid arthritis, proteoglycan loss from cartilage 
may be a prerequisite for the invasion of the articular surface by 
synovial lining cells. 
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Liposome-encapsulated drugs and fluorescent markers have 
been proposed as useful tools in studies of cell biology and in 
chemotherapy’. Until recently, this approach has been limited 
by the lack of means to fix protein ligands, such as antibodies, to 
liposome surfaces where they can mediate specific interactions 
with cells. Our newly developed technique“ for the covalent 
coupling of monoclonal antibodies to small, sonicated liposomes 
was used to study the specific delivery of methotrexate (MTX) to 
cellular targets in vitro. Liposomes containing MTX and 
carboxyfluorescein (CF)*” were coupled to monoclonal anti- 
bodies against determinants of molecules encoded by the major 
histocompatibility complex of the murine H-2" haplotype. 
These were incubated with lipopolysaccharide (LPS)-induced 
blast cells from CBA (H-2“), or C57BL/6 (B6) (H-2") spleens. 
Only spleen cells from the CBA strain showed evidence of drug 
effect, as indicated by inhibition of radiolabelled deoxyuridine 
incorporation, demonstrating that the interaction of the 
liposomes with the cells was specific. With regard to the different 
determinants, the effect of the liposome-encapsulated MTX was 
not correlated with the number of liposomes bound to cells. 
More lipsomes became bound to the H-2K* molecule than to 
the H-2 I-E* molecule, but liposomes bound to the latter were 
more effective for drug delivery. An endocytic pathway for the 
liposome-encapsulated drug is suggested by the fact that the 
effect of the drug in liposomes, but not in free form, was 
inhibited by the lysosomotropic amine, NH,CI. The techniques 
described here provide a simple quantitative assay for the 
‘endocytic potential’ of any cell-surface determinant for which a 
ligand, such as an antibody or hormone, is available. 


Murine IgG2a, « monoclonal antibodies 11-4-1 (ref. 8) 
(specificity for H~2K*) and H40.242.3, which recognizes H-2 
I-E“, were coupled to liposomes containing MTX and CF using 
the heterobifunctional cross-linking reagent N-hydroxy- 
succinimidyl 3-(2-pyridyldithio) proprionate (SPDP), as 
described elsewhere*. Aliquots of the liposome preparations 
were added to duplicate cultures of LPS-induced blasts from 
CBA or B6 mice. After incubation, the amount of cell-asso- 
ciated CF was determined by fluorometry after detergent lysis of 
cells and liposomes”’. Results are given in Table 1. Liposome 
binding was specific; CBA cells bound many more liposomes 
than did B6 cells, and the binding was inhibited by preincubation 
of the cells with the uncoupled homologous antibody, but not 
with an irrelevant antibody of the same class. The determinant 
recognized by the liposome-bound anti-H-2K* antibody was 
richly represented on the CBA cells, the determinant recognized 
by the liposome-bound anti- H-2 I-E" antibody being present in 
smaller amounts. 

We next demonstrated that bound liposomes were capable of 
transferring their contents into the target cells. "H-deoxyuridine 
(d{(*?H]Urd) uptake has been used as an index of MTX effect on 
tumour cells®’. Using the same technique, LPS blasts were 
exposed to various concentrations of MTX in free solution or in 
antibody-bearing liposomes. As seen in Fig. la, b, cells from 
both mouse strains were sensitive to free MTX, but only CBA 
cells were sensitive to MTX in liposomes bearing anti- H-2K‘ or 
anti-H-2 I-E* antibodies. Furthermore, the magnitude of the 
drug effect was not directly related to the density of the target 
antigen: two times more anti-H~2K* than anti-H~2 I-E* anti- 
body-bearing liposomes became associated with cells (Table 1), 
but the number of anti-H-2K* antibody-bearing liposomes 
required for 50% inhibition of d[ H ]Urd incorporation was four 
times greater. Thus, liposomes bound to the H-2 I-E* deter- 
minant were eight times more effective in drug delivery than 





Table 1 Fluorescence of LPS blasts incubated with antibody-bearing liposomes 
containing carboxyfluorescein 





Cell-associated CF 


ipmol) 
Strain 
Free antibody 

Liposomes bearing in solution CBA B6 
{i-4d~1 None 29 0.4 
114-1 {1-4-1 0.5 ND 
t 1-4-1 B1.1G6 25 ND 
H40.242.3 None 13.7 1.2 
H40.242.3 H40.242.3 03 ND 
H40.242.3 B1.1G6 14.5 ND 
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Antibody B1.1G6 is IgG2a, « and is directed against human 8,-microglobulin. 
It has no detectable binding to mouse spleen cells*. H40.242.3 ithe gift of M. 
Pierres) is the product of a somatic cell hybrid between A.TH spleen cells 
hyperimmune to A.TL and the X63-Ag8.653 myeloma. It recognizes, on H-2 
1-E*-bearing cells, a determinant analogous to the Ea chain la.7 specificity. A 
detailed description of its binding properties will be reported elsewhere. All 
antibodies were purified on protein A~Sepharose columns'*, Small, sonicated 
liposomes composed of 65% {molar} dipalmitoy!-phosphatidyicholine, 34% 
cholesterol and 1% SPDP-modified phosphatidylethanolamine*, containing 
40 mM CF, were incubated with antibodies modified with 5 mol SPDP per mol 
antibody, at a final antibody concentration of 175 yg mi“, In these conditions, 
35-55% of the antibodies became liposome bound, which corresponds to averages 
of five to nine antibody molecules bound per liposome'*. All coupling reactions 
resulted in at least 75% antibody-bearing liposomes, as revealed by hposome 
precipitation with Staphylococcus aureus, strain Cowan | (ref. 4). Spleen cells 
(30 x 10°) from CBA or B6 mice were incubated in tissue culture flasks with 20 mi 
of RPMI 1640 medium supplemented with 5% fetal calf serum (FCS), and 
20 pg ml”! of LPS from Escherichia coli (Difco). After 40 h incubation, cells were 
resuspended in the same medium without LPS at a concentration of 3x 10° 
cells ml~?. 100-pl aliquots were placed in flat-bottom wells of 96-well microtitre 
plates (Linbro). 10 wl of medium or antibody ata final concentration of 20 pg mi“! 
were added to duplicate wells. After 15 min of preincubation, 10 ul of antibody- 
bearing liposomes containing a total of 220 pmol CF {lipid concentration 
0.25 mM, expressed as totai lipid) were added. Cells were incubated for 3h at 
37°C, after which binding had reached plateau levels. Cells were then washed 
three times by centrifiguation. The pellets were lysed using 0.5% Triton X-100, 
and fluorescence measured on an Aminco SPF $00 spectroflucrometer {excitation 
488 nm, emission 520 nm). Fluorescence calculations were based on a 20 nM CF 
standard. Quantitatively similar results were obtained in six similar experiments 
using five different liposome preparations. ND, not determined. 
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Fig. 1 To wells of microtitre plates 
contaming 210° 40-h LPS blasts in 
RPMI 1640 phus 5% FCS were added 
either free MTX or antibody-beanng 
liposomes contauting 20 mM MTX and 
40 mM CF, or 40mM CF alone. The 


for antibody-bearmg hposomes unng 
radiolabelled MTX (data not shown). a, 4, 
After 3h incubation at 37°C, 1uCI of 
a? HyUrd was added to cultures, and after 
16 additonal hours of culture, cells were 
collected and the concentration of 
incorporated dfHJUrd measured as 
described elsewhere’’. « CBA blasts; 
b, BG blasts, @, Free MTX; A, MTX 
in anti-H-2 I-E* antibody-bearing 
liposomes; O, MTX m antl-H-2K* anti- 
body-bearing liposomes; L], MTX in ant- 
human §,-mscrogiobulin antibody-bear- 
ing hposomes; M, ant-H-2 I-E" ant- 
body-bearing liposomes without MTX. 
For the representative experiment shown 
bere, control CBA cells mcorporated 
102,00022,000c.pm. and B6 cells 
incorporated 74,000 + 1,400 c.p.m. 
Results are the moan +s d. unless smaller 
than the points as plotted c, After 3h 
incubabon of CBA LPS blests with free 
MTX oc MTX in antibody-bearing 
‘Iposomes, plates were centrifuged at 
1,600 rpm. and washed three times. 
They were resuspended in fresh medtam 
and pulsed with dPHJUrd, and then 
collected as above. Control cells 
incorporated 81,000+2,000cp.m. @, 
Free MTX: á, MTX in ant-H-2 E-E* 
antiboty-bearing Imposomes; O, MTX m 
anti-H-2K* antibody-bearing liposomes 


625 — 128 





— SOO 1,000 62 5 125 _ 20 500 1,000 
| [MTX] (nM) 


d, NH, C1 (10 mM final concentranon) was added to wells contaimng CBA LPS blasts 15 min before addition of free MTX or MTX m anti-H~2 I-E" antbody-bearing 
liposomes. Control cells incubated with 10 mM NHC alone meorporated 82,000 c.p m. @, Free MTX; x, free MTX phs NH,Ci, A, MTX in ant-H~2 I-E" 
antibody-bearmg hposomes; A, MTX in anti-H-2 I-E" antibody~bearing liposomes post NH, CL 


those bound to the H-2K* determinant. Neither anti-H~2K“ nor 
anti-H-2 I-E" antibody-bearing liposomes lacking MTX had 
any effect on dPH]Urd incorporation. As expected from the 
effect on binding shown in Table 1, anti-H-2K* or anti-H-2 
J-E* antibodies in free solution blocked the drug effects of 
liposomes bearing the homologous antibody. The anti-human 
B.-microglobulin antibody in free solution had no effect on 
MTX delivery (data not shown). 

The greater efficiency in drug delivery of anti-H-2 I-E* 
antibody-bearing, as opposed to anti-H-2K* antibody-bearing, 
liposomes seems to be a property of the target determinant and 
is not related to some peculiarity of these antibodies, as verified 
by the use of panel of monoclonal antibodies directed at the 
same molecule (data not shown). 

The mechanism of entry into celis of the liposome-encap- 
sulated drug was investigated. Cells were incubated with free 
MTX or with MTX in antibody-bearing liposomes for 3-4 h, 
then non-bound drug was washed away. As seen in Fig. 1c, the 
effect of the free MTX was largely eliminated, but the liposome- 
bound drug was as effective as in the experiment shown in Fig. 
la, in which non-bound liposomes were not washed away. As we 
know that the number of liposomes bound is only a fraction of 
those present in culture (Table 1), the drug effect cannot be due 
to simple leakage of MTX from cell-bound liposomes. This is 
further suggested by the fact that the quantitatively more 
important determinant is a poorer target for liposome-bound 
drug, and by our previous demonstration that another cell- 
surface determinant (surface immunoglobulin of myeloma 
tumour cells) did not mediate drug transfer’. 

We‘ and others’® have observed the apparent delivery of 
antibody-opsonized liposomes to lysosomes of phagocytic 


tumour cells. That liposomes bound to LPS blasts, which are of 
B-cell origin, might also be delivered to lysosomes was sugges- 
ted by an experiment using the lysosomotropic amine, NH,CL 
When blast cells incubated with 10 mM NH,Ci were exposed to 
liposomes bearing the anti-H-2 I-E" antibody, the drug effect 
was markedly reduced (65-70% over a series of experiments). 
There was no effect of NELCI on the number of cell-bound 
liposomes, as shown by experiments of the type described in 
Table 1 legend (data not shown). 

A possible explanation for the selective effect of NH,Cl on 
liposome-encapsulated drug is provided by the ability of NH,Cl 
to neutralize lysosomal pH. When delivered into lysosomes at 
their normal, acidic pH, the anionic MTX would be protonated, 
and could thus diffuse out of lysosomes to its cytoplasmic site of 
action. If the lysosomal pH were neutral, this mode of entry 
would largely be eliminated. We do not exclude other 
mechanisms of action for NH,C\, such as inhibition of lysosomal 
enzymes or a direct effect on phagocytosis. It is unknown 
whether the apparent internalization of the H-2 I-E* molecule 
is related to the physiological role of H-2 I-E determinants (or 
of Ia molecules in general) in the regulation of cell interactions 
and of antigen presentation in the immune response’*"?. 

MTX was provided by the Drug Synthesis and Chemistry 
Branch, Division of Cancer Treatment, NCI. This research was 
supported by INSERM and CNRS institutional grants, by a 
contract under the programme INSERM-NCI Recherches 
Cliniques en Cancérologie and by a grant from Association pour 
le Développement de la Recherche sur le Cancer. We thank 
Michel Pierres and Bernard Malissen for monoclonal antibodies 
and our colleagues at the Centre d’Immunologie for heipful 
discussions. 
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Previous research in Drosophila has implied that a variety of 
mutations affect ion channels™*. In one of these studies it was 
suggested that mutations mapping at the X-linked Shaker locus 
of D. melanogaster might cause defects in some type of potas- 
sium channel in larval motoneurones*. We show here, by 
voltage-clamp analysis, that mutations at the Shaker locus affect 
one of the two types of voltage-sensitive potassium channels 
present in the Drosophila dorsal longitudinal flight muscle 
(DLM). Initial voltage-clamp studies”* revealed that one set of 
channels carries a fast, transient outward current, similar to the 
molluscan A current”, that is altered by mutations at the 
Shaker locus. The other set of channels carries a slower activat- 
ing current, similar to delayed rectification’’"’, that is not 
affected by the Shaker mutation. 

The mutant strains used were SA™°'”? and Sh**'*? (ref. 2; 
from Dr Seymour Benzer), and Sh” (ref. 12; from Dr David 
Suzuki). Wild-type stocks were used for comparison purposes 
(from Dr Donald Poulson) and included Canton-S, Oregon-R, 
Noumea and Canberra. The effects of the Shaker mutations on 
the potassium currents in the DLM were analysed by voltage- 
clamp techniques as described elsewhere*®. All experiments 
were performed at 4 °C. To study the A current in isolation from 
other currents, we selected animals at ~70 to 80h of pupal 
development, a stage at which the A current is prominent but 
delayed rectification is small or absent’. 

Voltage-clamp experiments showed that the Sh* mutation 
greatly accelerates the rate at which the A-current channels 
inactivate and the rate at which they recover from inactivation. 
Other properties of the channels are not apparently affected. A 
comparison of A current in wild-type and Sh? DLM is shown in 
Fig. 1; the current responses were evoked by voltage-clamp step 
pulses to different voltages from a holding potential of -80 mV. 
The A-current channels open (activate) rapidly, but close 
(inactivate) over a slower time course. The rapid activation of 
the A current can be seen in the upper traces of Fig. 1a,b as the 
very rapid rise (upwards) of the current to its peak. Inactivation 
is seen as the exponential decay (downwards) of the current from 
its peak. At each voltage level the inactivation of the channels 
occurs about twice as rapidly in SA° than in wild-type muscle 
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fibres. The current trace that falls below the baseline is the 
current response evoked by a 100-mV hyperpolarizing voltage- 
clamp step pulse; it is the same in a and b of Fig. 1, showing that 
the input resistance is almost identical in Sh° and wild-type cells. 

Figure 2 compares the inactivation time constants measured 
at different voltages for the different genotypes. The time 
constants for Sh°/Sh° muscle cells (solid symbols) were about 
half those of wild-type muscle cells (open symbols), Four 
different wild-type strains were used as a control to detect any 
scatter due to natural variation. In no case did a data point 
obtained for a wild-type muscle cell overlap with one obtained 
for a Sh? muscle cell. 

In addition to its effect on reducing channel inactivation time, 
the Sh? mutation also shortens the time required to recover from 
inactivation. Recovery of inactivation was investigated in a 
two-pulse experiment. The ratio of the peak A current during 
the second pulse to that during the first was plotted against the 
inter-pulse interval. The longer the interval, the larger the ratio; 
recovery followed an approximately exponential time course 
with time constants (+s.d.) of 633 +21 ms (N = 3) for wild-type, 
485+59 ms (N = 4) for heterozygotes, and 351 +30 ms (N = 4) 
for homozygous mutants. 

Although the properties of inactivation and recovery are 
affected by the Sh* mutation, other properties of the channels 
are not obviously affected. Both wild-type and mutant cells 
showed a similar voltage-dependence of steady-state inactiva- 
tion, with 50% inactivation at ~ —42 mV. A comparison of the 
current-voltage relationships for the peak of the A current 














Fig. 1 Comparison of A-current responses to voltage-clamp step 
pulses in wild-type (a) and Sh (by animals. The holding potential is 
-80 mV. Ten traces are shown in which single voltage-step pulses 
were applied to the membrane (lower traces), the membrane 
current response is shown in the upper traces. Outward currents 
are in the upward direction. Each of the current traces shows the 
membrane response at a different voltage level. (The voltage 
records for hyperpolarizing pulses to ~180 mV are not shown.) 
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Fig. 2 Comparison of inactivation time constants at different 
voltages for wild-type, Sh°, and heterozygous (wild-type/Sh°) 
animals. The data are from experiments similar to those described 
in Fig. 1. The membrane voltage is shifted from a holding potential 
of ~80mV to the voltage indicated on the abscissa. The time 
constant of the exponential decay of the A current is plotted on the 
ordinate. ©, wild-type; @, mutant; ©, heterozygote. Each wild- 
type curve is from a different wild-type strain and each curve is for a 
muscle fibre from a different animal. 


Fig. 3 Comparison of DLM membrane 
properties during pupal development in wild- 
type (+/+), heterozygous +/ $h rROT20 (4. =) 
and homozygous mutant ShO 9 / gh K919 
(—/—) pupae. The voltage is shown in the 
lower traces; membrane current in the upper 
traces. The holding potential is -80 mV in all 
cases. a, In wild-type pupae the A-current 
response is mature at 72 h of pupal develop- 
ment; b, delayed rectification is mature and is 
seen added to the A-current response at 96 h 
of pupal development, just before the 
eclosion of the adult. The characteristics of 
delayed rectification are the large, maintained 
(non-inactivating) outward current during the 
step pulse, and the large, slow current tails at 
the end of the step pulse (arrow). ¢ and d, 
Membrane current response of heterozygous 
pupae. At 72 and 96 h only half the A-current 
response is present relative to wild-type. 
Delayed rectification is unaffected by the 
presence of the mutant gene; in d at 96 h, the 
full current response of delayed rectification 
is present. e, f, Membrane current response of 
homozygous mutant pupae. The A current is 
not present at either 72 or 96h of pupal 
development. Comparison of the rising phase 
of the current traces in 6, d and f shows the 
presence of all, half or none of the A current 
at 96 h of pupal development. In f, at 96 h, the 
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revealed no obvious differences either in activation threshold or 
channel conductance. a 

The development of the two distinct sets of voltage-sensitive 
potassium channels in the DLM was reported previously®. The 
A-current channels normally begin to appear in the DLM 55h — 
after pupariation. The total amount of A current increases until 
72h of pupal development, when it reaches its mature value. 
Throughout pupal development the kinetics remain unchanged. 
Figure 3a shows the wild-type DLM membrane current 
response to voltage-clamp step pulses in a 72-h cell, The current 
response consists mostly of A current. 

During the next 24h of development, another set of potas- 
sium channels appears in the membrane. These are the channels 
that carry the slower activating ‘delayed rectification’ current. _ 
Delayed rectification is fully developed at 96 h, just before adult ~ 
eclosion. The response of the membrane to voltage-clamp step 
pulses seen in 96-h DLM cells (Fig. 36) consists of the composite 
response of two currents, the A current and delayed 
rectification. Note (Fig. 3b) that the A current predominates at 
the beginning of the trace, while the slowly activating delayed 
rectification predominates for the remainder of the trace. 
Delayed rectification does not inactivate. The channels close 
only after the membrane voltage is stepped down to the holding 
potential. The large current tails observed (arrow, Fig. 3b) are 
due to current still flowing through the closing channels. The 
rate at which these tails decay reflects the rate of inactivation at 
~80 mV, This property of non-inactivation at depolarized 
voltage levels is a characteristic of delayed rectification in other 
animal systems such as the squid giant axon”, as well as in the 
Drosophila DLM. 

The Sh’*°'? and Sh**'*? mutations modify this normal 
development of membrane electrical properties during the 
pupal period by delaying the appearance of the A-current 
channels. In a 72-h DLM cell, heterozygous for one of these 
mutations and the wild-type allele, only half the normal A- 
current response is present (Fig. 3c). The A-current response is 
similar for heterozygous animals at the 96-h stage; only half the 
wild-type A-current response is present (Fig. 3d). This reduced 





full current response of delayed rectification is present. In a-f the current elicited by a hyperpolarizing pulse to -180 mV is shown (below 
baseline trace) but the voltage record is not shown. g, The response of a 96-h wild-type muscle cell before, and A, i, at various times after the 
application of 10 mM 3-aminopyridine (3-AP) to the preparation. The A current was partially blocked within 30s (4). By 2 min (/) the drug 
completely blocked the A current but only partially blocked delayed rectification. 
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A current is almost obscured by the unreduced delayed 
rectification current. The development of delayed rectification 
follows a normal time course and is comparable to wild-type at 
the 96-h stage. Compare the large, maintained outward currents 
and characteristic current tails at the end of the step pulses in 
Fig. 34 and d. 

In animals homozygous for one of these mutations, the devia- 
tion from normal development is most dramatic; the A current is 
not present in the DLM cells at any stage of pupal development 
(Fig. 3e,f/). Thus, in these animals the membrane response at 
72 hof development is almost purely passive; no active channels 
are present (Fig. 3e). At 96h, only delayed rectification is 
present (Fig. 3/). This result clearly shows the independence of 
the two potassium current-carrying systems. The records shown 
in Fig. 3 are typical. In wild-type muscle cells the peak of the A 
current at 96 h was 90-120% of the maximum value of delayed 
rectification when the membrane was stepped to +20 mV (N = 
9); in heterozygous cells the A current was 48-75% of delayed 
rectification (N = 8). The A current was totally absent in 19 of 
20 homozygous mutant cells in the pupa. (The small current 
present in one cell had apparently wild-type kinetics.@ In 
contrast to the pupa, the A current is present in most 
SHARON ISh. and SA¥S19 /Sh¥5'33 muscle cells after 48 h 
of adult life. The most direct interpretation of these two muta- 
tions is that they delay the developmental appearance of the 
A-current channels, perhaps by affecting the control of gene 
expression. However, the possibility cannot be excluded that the 
mutations affect the biophysical properties of the channels in 
some, as yet, unknown way. 

The separation of the A current from delayed rectification has 
previously been achieved using pharmacological agents, 
One such agent, aminopyridine, selectively blocked the A- 
current response in several different types of animals. A similar 
effect was observed in wild-type Drosophila DLM (Fig. 3g, h, i). 
The A current was completely blocked 2 min after the appli- 
cation of 3-aminopyridine (10 mM) to 96-h wild-type pupae 
(Fig. 37). Delayed rectification, however, was largely unaffected. 
Note the continued presence of a large maintained outward 
current, and the inward current tails following cessation of the 
voltage-clamp step pulse in Fig. 3i. Aminopyridine drugs had 
previously been used to phenocopy (mimic) the Shaker 
behavioural phenotype (abnormal twitching) and aberrant 
neuromuscular physiology (the excessive release of neuro- 
transmitter in response to a nerve impulse)’. 

Shaker mutations probably affect the A current in neurones as 
well as muscle cells. The A current is the main repolarizing 
current in muscle spikes (L.S., unpublished data). Larval 
motoneurones’ and the adult giant interneurone in Shaker 
animals'® have defective spike repolarization—this can also be 
phenocopied in wild-type neurones by aminopyridine drugs’®. 
Thus the various Shaker phenotypes in larvae, pupae and adults 
are probably all caused by abnormal A currents. 

We thank Rick Aldrich and John Thomas for helpful com- 
ments on the manuscript, and Charles Stevens for advice and the 
loan of equipment. This work was supported by USPHS grants 
NS-14887 and NS-07314 and by a grant from the Muscular 
Dystrophy Association to L.S. 
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Gene duplication and transposition are known to be involved in 
the mechanism of antigenic variation in Trypanosoma brucei*’. 
However, the structure of the antigens in question—the variant 
surface glycoproteins (VSGs)—is poorly defined. Limited 
sequencing data show extensive variation between the N- 
terminal amino acid sequences of different VSGs*”, although 
serological studies indicate common antigenic determinants in 
the C-terminal portion (refs 6, 7 and N. Van Meirvenne, 
personal communication). More recently, the existence of a 
C-terminal hydrophobic tail, which is absent from the isolated 
glycoprotein, was reported’. We have now compared the 
messenger RNA sequences corresponding to the C-terminal 
115 amino acids of two serologically different variants belonging 
to the same serodeme and report a 35% lack of homology (52% 
of amino acid positions). However, there is a large homologous 
area of 33 amino acids making up the C-terminus, which 
includes the 23-amino acid hydrophobic tail. Our data indicate 
that this extension is a universal feature in T. brucei VSGs. In 
addition, comparison of two isotypes (serologically similar 
VSGs) belonging to different serodemes showed almost 
complete nucleotide homology in the coding sequence of the 
C-terminal 115 amino acids. 

We recently described the construction of cDNA clones 
containing a DNA insert corresponding to the VSG of two 
variants of a single clone of T. brucei, AnTat 1.1 and AnTat 1.8 
(ref. 9). Figure 1 shows the restriction map with the regions that 
were sequenced indicated. Note that the two ends of AnTat 1.8 
have an identical restriction map and probably resulted from a 
simultaneous insertion of identical sequences in opposite orien- 
tations’. Figure 2 summarizes the sequencing data of the AnTat 
1.8 clone. The amino acid sequence was derived by comparing 
our data with the published nucleotide sequence of VSG 117 
(ref. 8) and with the C-terminal protein sequence of four other 
variants'”; it also turned out to be the only open reading frame. 

Comparison of AnTat 1.8 and the 117 variant indicated 
almost complete base homology. This is not surprising, given 
that these two variants are serologically indistinguishable''. 
Furthermore, if we assume that AnTat 1.8 has the same C- 
terminal aspartic acid residue as its isotypic variant 117 (at 
codon position 92), then AnTat 1.8 also has a 23-amino acid 
C-terminal extension. The latter differs by five amino acids 
between the two variants although its hydrophobicity is con- 
served. Thus more base substitutions resulting in amino acid 
change are tolerated in the hydrophobic tail. 

Figure 3 compares the AnTat 1.8 sequence with AnTat 1.1,a 
serologically different variant belonging to the same 
serodeme'’. We have tried to maximize homology by aligning 
the two sequences, taking the cysteine residues as invariant, as 
the number of amino acid residues between two consecutive 
cysteines is clearly conserved except between positions 77 and 
83. Of the 115 amino acid positions, 55 (48%) were identical 
(65% nucleotide homology). The longest conserved sequence 
was in the region coding for the hydrophobic tail: although 
maintaining its hydrophobicity, 7 of 23 residues were different. 
The hydrophobic extension seems, therefore, to be a universal 
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Fig. 1 Sequencing strategy for T. brucei cDNA clones of variants AnTat 1.1 (clone A.1 in ref. 9) and AnTat 1.8 (clone A.8a in ref. 9). The 
direction of each sequencing reaction is shown by horizontal arrows, starting at the corresponding restriction site. The identical restriction map at 
both ends of the AnTat 1.8 clone probably resulted from a simultaneous insertion of identical sequences in opposite orientations. Each plasmid 
was initially cleaved with Tagi, Hinfl, or HindIII. Restriction sites are from ref. 9 or determined by sequencing. Restriction fragments were: 
end-labelled with **P by treatment with bacterial alkaline phosphatase followed by T4 polynucleotide kinase and [y-*PIATP. The double 
end-labelled fragments were cleaved at an internal restriction site and separated on 6% aqueous acrylamide gels. The eluted fragments were 
subjected to partial chemical degradation sequence analysis described ue Maxam and Gilbert!® and analysed on 0.3-mm polyacrylamide- 


Fig.2 Nucleotide and amino acid 
comparison between two isotypic 
VSGs, AnTat 1.8 and 117. Dashes 
indicate codon homology. Codon 
changes resulting in amino acid 
substitution are written in full; for 
neutral base changes, only the base 
differences are given. Numbers in 
the figure refer to codon number. 
The boxed aspartic acid residue has 
been described®!° as a glycosyl- 
ated residue known to be at the 
C-terminus of VSG 117. The so- 
called 3'-untranslated region 
located beyond the TAA termina- 
tor is written in full. The mRNA 
poly(A) track is written as (A)n. 
The AnTat 1.8 sequence is from 
this work, the 117 sequence from 
ref. 8, T-cV117.8 cDNA insert. 
(C)29 indicates the dC tail used to 
insert the cDNA copy into 
pBR322. 
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Fig. 4 Alignment of the 3’-non- 
coding sequences of T. brucei VSG 
mRNAs. Due to the high degree of 
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Fig. 3 Nucleotide and predicted 
amino acid sequence of the T. brucei 
C-terminal end of the AnTat 1.1 
and AnTat 1.8 VSGs. To maximize 
homology, a gap of two codons, 
Lye indicated by parentheses, was 
introduced in AnTat 1.1. Solid 
boxes refer to the cysteine resi- 
dues, open boxes to the known 
glycosylated residues. Base 
homology is indicated by *; other 
abbreviations as in Fig. 2. 
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feature of T. brucei VSGs, allowing at the same time some 
flexibility in its hydrophobic amino acid content. 

The sequences beyond the TAA terminator (the 3’-untrans- 
lated region) are shown in Fig. 4. Comparison of these non- 
coding sequences reveals large differences among different 
VSGs due to deletions, additions and base substitutions. 
Examination of the sequences surrounding the putative deletion 
sites suggests that short direct repeats may be involved in 
generating these deletions; for example, the AnTat 1.8 
sequence contains a direct repeat AAAATTTT which could 

involved in deleting the sequence between these 
| _AnTat 1.1 and 117 (Fig. 4). Examples of 
deletions flan d by short direct repeats within noncoding 
sequences have been reported for mammalian B-like globin 
genes’. That the 3’-untranslated region is a hotspot for recom- 
bination is further suggested by analysis of the two ends of the 
AnTat 1.8 cDNA, which are identical in sequence, except for 
the 13-nucleotide string AAAAAATTCCCCG adjacent to the 
mRNA poly(A) track at the right-hand side of the insert. These 
sequences may have been generated by linking two double- 
stranded cDNAs derived from two different mRNAs. There are 
indications that the VSG mRNAs within a cloned population 
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consist of molecules of slightly different size (E. Pays, persona 
communication). ok 

The occurrence of sizeable deletions or insertions during _ 
evolution of these genes suggests that the sequences are not -~ 
essential to VSG mRNA function. In addition, the sequence _ 
AAUAAA, which is found in the 3’-untranslated regions of all — 
polyadenylated eukaryotic cellular mRNAs, is absent’*. On the — 
other hand, the sequences TTTT and ATATTT, which occur - 
about 6-10 nucleotides 3’ to the poly(A) addition sites in certain | 
eukaryotic genes'*'’, are present. . 

The extensive homology of the C-terminal end of different 
VSGs, including the hydrophobic tail and 3'-untranslated 
region, suggests that this region of the VSG is derived from a - 
common ancestral gene. This implies that it could be encoded by _ 
exon(s) separated from the rest of the VSG-coding region. 
Genomic cloning of the respective AnTat 1.1 and AnTat 1.8 
genes in both the basic and expression-linked conformation 
should indicate whether this is the case. | 
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poly(dG-m*dC) - poly(dG-m‘dC) 
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associated with the B-Z transition 
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Random sequence DNA adsorbed to surfaces such as calcium 
phosphate has recently been shown to be cut preferentially by 
nucleases’ at sites separated by 10.6+0.1 nucleotides’, cor- 
responding to the helical periodicity of the DNA. We have now 
applied a variation of this technique to determine the periodicity 
of the alternating synthetic polydeoxynucleotides poly(dG- 
dC) : poly(dG-dC) and poly(dG-m*dC) - poly(dG-m°dC). We 
have also obtained X-ray diffraction patterns from fibres of both 
polymers to compare their helical parameters. Evidence from a 
variety of physical measurements*~* suggests that in appropriate 
solvent conditions these polymers can undergo a transition from 
the usual B form to a new structure tentatively identified with 
the left-handed Z form. We find by X-ray fibre diffraction that 
the methylated polymer can adopt a Z form indistinguishable 
from that of the unmethylated polymer. We further find that 
when adsorbed to calcium phosphate or calcium oxalate, the B 
form of each polymer has a repeat of ~ 10.5 base pairs (bp), 
while the repeat of the Z form is ~ 13.6 bp. 

Poly(dG-dC) - poly(dG-dC) undergoes a structural transition 
in concentrated salt solution’. The transition is accompanied by 
large changes. in circular dichroism*, optical absorbance? and 
NMR spectra’, as well as in the rate of proton exchange with 
solvent’. Since the recent demonstrations that the oligonucleo- 
tides d(CG), and d(CG), crystallize as segments of left-handed 
helices”, the high-salt conformation of poly(dG- 
dC) - poly(dG-dC) has been thought to correspond to the left- 


handed Z form, while the low-salt structure presumably cor- 
responds to the right-handed B form. We have recently 
examined’ the properties of poly(dG-m°dC) - poly(dG-m°dC), 
which carries a methyl group in the usual site (CpG) of eukary- 
otic DNA methylation. The methylated polymer was also found 
to undergo optical changes consistent with transition to a Z 
form, but the critical salt concentrations necessary for the 
transition were much lower than those needed for the 
unmethylated polymer. Furthermore, the trivalent complex ion, 
hexamine cobalt, was found to induce the optical transition in 
both methylated and unmethylated (G - C} polymers in low-salt 
conditions. Hence, the presumed Z form of both polymers was 
available for study in moderate conditions of ionic strength, and 
we have used such conditions in the following studies. 

In these experiments, the polynucleotide (uniformly labelled 
with **P during synthesis), is diluted into a solvent which will 
stabilize either the B or Z form (as judged by circular dichroic 
spectra) and adsorbed onto crystals of calcium phosphate. The 
adsorbed nucleic acid is digested with micrococcal nuclease, 
eluted, glyoxylated and electrophoresed on a polyacrylamide 
gel. 

Autoradiograms of the resulting gel for the methylated 
polymer are shown in Fig. la. The preferential cutting of 
alternate bonds by micrococcal nuclease is even more marked 
for alternating G-C polymers than for A-T polymers"; the 
increment between individual bands corresponds to two 
nucleotides. The modulation of intensity of larger period reflects 
the periodicity in accessibility to nuclease and therefore the 
periodicity of the DNA duplex structure. Tracings of two gel 
lanes are shown in Fig. 2. It can be seen that between nucleotide 
positions 0 and 40 there are four major repeats of intensity in the 
B form pattern, and only three in the Z pattern. The Z repeat 
thus contains about 4/3 as many nucleotides as the B repeat 
when adsorbed on calcium phosphate. The peak positions for 
the Z form are seen (Fig. 1a) to move down on the gel with time 
of digestion, presumably due to the exonucleolytic action of 
micrococcal nuclease. Nonetheless, the spacing between peaks, 
and hence the value obtained for the helical repeat, does not 
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Fig. 1 a, Autoradiogram of poly(dG-m‘dC) - poly(dG-m*dC) electro- 
phoresed after binding to calcium phosphate and digestion with micrococcal 
nuclease. Poly(dG-m*dC) « poly(dG-m*dC) was synthesized from a poly(dI- 
dC) « poly(dI-dC) template using the large fragment of DNA polymerase I as 
described previously’ with [a-**P]dGTP included as radioactive label. The 
product was 300-500 bp long. The nuclease digestion buffer contained 
50 mM Tris-HCl, pH 8.0, 10 mM CaCl, and 2 mM NaH,PO,. For digestion 
of the B form, **P-poly(dG-m*dC) - poly(dG-m‘dC) in 5 mM Tris-HCl, 
0.1 mM Na EDTA, pH 8.0, was diluted 10-fold with digestion buffer. The 
presence of Ca** favours the Z form of the polymer; however, here the B 
form is rapidly bound to calcium phosphate at low temperature and thus 
stabilized against the slow conversion to the Z form which would otherwise 
occur. For digestion of the Z form, the methylated polymer was incubated at 
68°C for S min in 5mM Tris-HCI, 2mM CaCl,, pH 8.0, to induce the 
formation of the Z form and then diluted 10-fold with digestion buffer. The 
B form was digested at room temperature with 25 U ml ' and the Z form 
with 500 U ml~' of micrococcal nuclease. (The Z form is markedly more 
resistant to digestion.) The reaction was stopped by addition of EGTA to 
20 mM. The samples were then digested with proteinase K and extracted 
twice with phenol and chloroform. The digested samples were reacted with 
glyoxal'®. Because of the strong tendency of polymers containing alternating 
G-C sequences to form self-complementary secondary structures, rigorous 
denaturing conditions are necessary to obtain good resolution. Although 
glyoxylation maintains the polynucleotide in the denatured state, it reduces 
the resolution of the gels compared with what might be expected for 
homopolymers. The samples were then electrophoresed on an 8% acryl- 
amide, 0.4% bis-acrylamide, 7 M urea gel with 30 mM Tris phosphate, pH 
7.2, 1.0 mM EDTA as the gel and electrode buffer. The left lanes are the B 
form of the methylated polymer digested for 0, 5, 10, 20, 50 and 100 min, the 
middle lane shows sizing standards, and the right lanes are the Z form 
digested for 0, 5, 10, 20, 50 and 100 min, respectively. b, Autoradiogram of 
32P.poly(dG-dC) - poly(dG-dC) electrophoresed after digestion with 
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micrococcal nuclease while bound to calcium phosphate (B form, left; Z form, right). The polymer was prepared, digested and processed as described above for the 
methylated polymer except that to induce the Z form of **P-poly(dG-dC) - poly(dG-dC) the polymer was incubated at 68 °C for 5 min in 5 mM Tris-HCl, pH 8.0, 
20 uM Co(NH,),Cl,. The polymer was 300-500 bp long. The digestion buffer in the case of the Z form also contained 0.5 mM Co(NH,), Cl,. c, Autoradiogram of 
*P-noly(dG-dC) - poly(dG-dC) electrophoresed after digestion with DNase II while bound to calcium oxalate. The radioactive polymer was added to 50 mM Na 
acetate, pH 5.5, 10 mM CaCl.,, 7.5 mM Na, oxalate, and digested at room temperature with 0.2 ug ml ~' of DNase II for 10 min. The reaction was stopped by raising 
the pH to 8.5 with Tris base and adding 20 mM EGTA to dissolve the calcium oxalate. The digested samples were then processed for electrophoresis as described 
above. Z form **P-poly(dG-dC) - poly(dG-dC) adsorbed to calcium oxalate was not cleaved by DNAse II at enzyme concentrations up to 20 pg ml~', despite the fact 


that the enzyme is quite active in digesting DNA in the presence of Co(NH,),Cl,. 


change with time. The B form, adsorbed to calcium phosphate, is 
more resistant to such exonuclease action. Figures 1 and 2 also 
show that the major periodic variation in intensity is much more 
marked for the Z form than for the B form, independent of the 
extent of digestion. Perhaps this indicates that the Z form is 
accessible to attack over a more limited range of angles, relative 
to the binding surface, than is the B form. We have found, 
however, that the amplitude of the periodic variation is a 
function not only of the DNA conformation, but of the choice 
both of enzyme (Fig. 1c) and adsorbing surface. Analysis of the 
amplitude in terms of the conformation of the substrate will 
therefore require additional data. 

The repeat is more accurately measured by direct counting of 
nucleotide bands between peaks. The value for poly(dG- 
m*dC) « poly(dG-m*dC) is 10.4+0.4 nucleotides if the polymer 
is in the B form when adsorbed. The repeat is 13.6+0.4 if the 
polymer is adsorbed while in the Z form. The data have also 
been analysed by autocorrelation analysis or by fitting each of 
the tracings in Fig. 2 to a single damped sinusoidal curve'’, 
giving numbers falling well within these error estimates. Quite 
similar values are obtained with poly(dG-m°dC) - poly(dG- 
m°dC) adsorbed to a different substrate, calcium oxalate. 
Digestion with micrococcal nuclease results in gel patterns with 
a repeat of 10.4+0.4 nucleotides in the B form and 14.0 + 0.4 in 
the Z form (data not shown). 

We have repeated these studies with unmethylated poly(dG- 
dC) - poly(dG-dC); the results, with somewhat poorer resolu- 
tion (Fig. 14), are quite similar. We find a repeat of 10+ 1 for the 
B form and 13+1 for the Z form. Also shown (Fig. 1c) is the 
result of an experiment in which this polymer was adsorbed to 
calcium oxalate in the B form and digested with spleen acid 
DNase (DNase II). Calcium oxalate, rather than calcium phos- 
phate, was used because the latter is soluble in the optimum pH 
range for the action of DNase II. The accentuation of peaks is 
more marked in digests with this enzyme, and a more precise 
estimate of the B repeat (10.5 + 0.3) is possible. Neither DNase I 
nor DNase II cuts the polymer effectively if it is adsorbed in the 
Z form. 


The unmethylated polymer, poly(dG-dC) - poly(dG-dC), 
adopts the Z conformation as judged by comparison of its 
characteristic X-ray fibre diffraction pattern with that of models 
based on the Z form oligomers'*"'*. This fibre diffraction pattern 
can then be used as a ‘fingerprint’ to identify the presence of the 
Z conformation. Using this criterion, the methylated polymer is 
also capable of entering the Z conformation: the X-ray fibre 
diffraction patterns of the methylated (Fig. 3a) and unmethyl- 
ated (Fig. 3b) polymers are virtually identical. 
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Fig. 2 Densitometer tracing of the autoradiogram in Fig. 1a. Top, B form 
of poly(dG-m*dC) - poly(dG-m*dC); bottom, Z form of the methylated 
polymer. The value of 0 was arbitrarily assigned to the large peak from which 
we began individual peak to peak counts. The arrows indicate the approxi- 
mate midpoints of the major cleavage peaks. The tracings are aligned so that 
bands corresponding to the same number of nucleotides coincide in the top 
and bottom tracings. Note that bands are separated by 2-nucleotide incre- 
ments. The positions of the first major peaks fortuitously coincide because of 
exonuclease action (see text). 
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Fig.3 X-ray fibre diffraction patterns of poly(dG-m*dC) + poly(dG-m*dC) 
(a) and poly(dG-dC) - poly(dG-dC) (b) in the Z conformation. The arrow in 
a indicates the characteristic reflection originating from the dinucleotide 
repeating unit. This reflection has a Bragg spacing of 7.1+0.1 A in either a 
or b, which may be compared with the value of 7.25 A from Arnott etal." for 
the unmethylated polymer. Fibres are tilted ~6° from the normal to the 
X-ray beam. The ring of diffracted intensity is from a calcite standard. The 
fibre in a contains ~4.5% NaCl by weight and is photographed at 52% 
relative humidity. The fibre in b has no excess salt but is in the sodium form; 
it is photographed while immersed in 60% v/v ethanol to elicit the Z form. 
The intensity near the centre of b is due to solvent swelling. The same pattern 
has been obtained from fibres prepared as in a. 


There is a discrepancy between the helical repeat of Z DNA 
derived from diffraction (12 bp per turn) and the helical 
periodicity we estimate by nuclease digestion after adsorption to 
surfaces (13.6-14.0 bp per turn for the methylated polymer, 
~13 for the unmethylated polymer). It may be recalled that in 
the case of natural DNA also, the helical repeat based on 
nuclease digestion of adsorbed material is greater than that 
determined by fibre diffraction (10.6 compared with 10.0 bp per 
turn respectively)™'*, Possible effects of close packing in the 
fibre, or of the perturbation that might accompany adsorption, 
must be kept in mind. In the case of natural DNA, Rhodes and 
Klug? observed a cutting repeat for adsorbed material that did 
not vary with the choice of adsorbing surface, and suggested that 
the DNA repeat was not altered by binding to the surface. 
Furthermore, the repeat value obtained agreed well with that 
found in solution from measurements of the topological winding 
number of covalently closed DNA". 

Our data strongly suggest that Z-DNA in solution and in fibre 
have different helical repeats. Although we find that the repeat 
of poly(dG-m*dC) - poly(dG-m*dC) in the presumed Z form is 
the same whether adsorbed to calcium phosphate or oxalate, it is 
probably premature to conclude that the repeat of the form 
reported here is identical to that in solution. Our results and 
those of others'**'* support the conclusion that both methylated 
and unmethylated (CpG) polymers can assume the left-handed 
conformation in fibres. Our results also show that the unusual 
optical changes seen in the transition in solution are accom- 
panied by a large change in helical repeat. This may reflect the 
presence in solution of a structure related, but not identical to, 
the fibre form. 

M.B. is a Postdoctoral Fellow of the Jane Coffin Childs Fund. 
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It is now clear that the genetic code used in mitochondria differs 
in a number of ways from the standard code’™, the most 
prominent being the use of the opal codon UGA to specify 
tryptophan*’. This change in the mitochondrial genetic code is 
accommodated by the presence of an anticodon U*CA in 
mitochondrial (mt) tRNA™? from yeast” and Neurospora 
crassa’. Furthermore, the translation of a mtDNA-encoded 
mRNA has been achieved in a eukaryotic cell-free system’: the 
mRNA of subunit II of yeast cytochrome c oxidase, which 
contains UGA codons in its reading frame, can be translated 
into a full-length protein if the system is supplemented with the 
Schizosaccharomyces pombe™® cytoplasmic UGA suppressor 
tRNA", It remains to be demonstrated whether a mitochon- 
drial tRNA would be able to function in cytoplasmic protein 
synthesis. In the case of mt tRNA‘, this would cause the 
production of readthrough proteins due to the suppression of 
the UGA termination codon present in certain cytoplasmic 
mRNAs. Using the Xenopus oocyte microinjection system’, 
we show here that the mt tRNA ” from Saccharomyces cere- 
visiae, when injected together with rabbit globin mRNA, 
suppresses UGA termination with high efficiency, thus leading 
to the production of a B-globin-related readthrough protein of 
molecular weight (M,) 18,500. However, the suppressor activity 
of this tRNA within the oocyte cytoplasm is strictly dependent 
on the co-injection of an exogenous (Escherichia coli) acylating 
enzyme which is needed to charge the mt tRNA™ in vivo. The 
absence of an endogenous enzyme capable of acylating the yeast 
mt tRNA™ suggests that there is a biological barrier for the 
activity of a mt tRNA in the cytoplasm if a tRNA exchange 
between the two cellular compartments occurred. 

Here we compare the translational effects of cytoplasmic’? 
and mt tRNA*” from S. cerevisiae and of cytoplasmic opal 
suppressor tRNA* from S. pombe”, after their microinjection 
into frog oocytes in the presence of rabbit globin mRNAs. The 
products synthesized in the oocytes were analysed by one- 
dimensional polyacrylamide gel electrophoresis (Fig. 1). The 
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Fig. 1 Autoradiogram of **S-labelled proteins synthesized in 
Xenopus laevis oocytes under the direction of various microin- 
jected macromolecules. Rabbit globin mRNA was prepared l 
according to Marbaix et al.™. Yeast mt tRNA“” (anticodon 
U*CA, where U* is a uridine derivative of unknown structure) 
from S. cerevisiae strain IL8-8C was purified as previously 
described”. The S. cerevisiae cytoplasmic tRNA™” (anticodon 
CmCA)"* was purified to homogeneity and the S. pombe (strain 
sup 3-¢) opal suppressor tRNA* (anticodon U*CA, where U* 
is a mixture of s*U and mem*U)"® was enriched to 80% purity. 
Injection of macromolecules into Xenopus oocytes and labelling 
of proteins were performed as described elsewhere’':'*. For 
each sample, 10 oocytes were injected with 0.1 ul per oocyte of 
saline solution (10 mM Tris-HCl! pH 7.8, 1 mM dithioerythrito! 
(DTE), 25% glycerol) containing one or more of the following: 
rabbit globin mRNA (60 ng ul~'), different tRNAs (in various 
amounts, as indicated below), purified E. coli tryptophany!- 
tRNA synthetase (330 ng ul’). Incubation of the injected 
oocytes (16-18 h at 19°C) was in the presence of 250 uCi of 








Keo == am am 


a mn J C 


2 2 4 5 6 7? 8 FF BH R 


j. Ea oe i 





i -- —— <85 K 
| an 2 








35§- methionine (1,340 Ci mmo!~'; Amersham) per ml of incubation medium. After extraction of the soluble proteins*’, electrophoresis was performed according to 
Laemmli** on 20% polyacrylamide gels. Lane 1, uninjected control oocytes; 2 and 6, oocytes injected with rabbit globin mRNA only, The other lanes in a and b show 
the products synthesized after co-injection of globin mRNA with yeast cytoplasmic tRNA‘ (200 ng per oocyte, lane 3), yeast mt tRNA‘ (220 ng per oocyte, lane 
4), or S. pombe UGA suppressor tRNA** (120 ng per oocyte, lane 5). In c, globin mRNA and E. coli tryptophanyl-tRNA synthetase were injected in the presence of 
increasing amounts of mt tRNA ™: 0.11, 0.55, 2.2, 11, 110 and 220 ng per oocyte (lanes 7 to 12, respectively). The fractionation patterns shown in a, b and c originate 
from different sets of experiments thus the protein bands do not align perfectly. Arrows indicate the 16,000 M, a- and 8-globins (16 K) and the 18,500 M, B-globin 


readthrough product (18.5 K). 


results indicate that when the uncharged tRNAs are injected, 
only the suppressor tRNA" produces readthrough of the UGA 
terminator of B- globin mRNA (Fig. 1b, lane 5). Its efficiency of 
suppression is 70+5% (ref. 12) when injected at 120 ng per 
oocyte (that is, 4.8 M, which corresponds to ~3 times the 
concentration of the endogenous total tRNA in one oocyte"*). 
In contrast, neither the cytoplasmic tRNA", as expected, nor 
the mt tRNA™ (both at 220 ng per oocyte, that is, ~8.8 uM), 
induce any detectable B-globin readthrough product (Fig. la, 
lanes 3 and 4, respectively). 

In a control experiment, we verified that after microinjection, 
the yeast cytoplasmic tRNA" is aminoacylated by the oocyte 
enzyme and transfers tryptophan into proteins. This has been 
shown using methods described for yeast cytoplasmic tRNA*™ 
(refs 15,16). On the other hand, mt tRNA‘ is not charged at all 
in the cytoplasm of the oocyte, unless E. coli tryptophanyl- 
tRNA synthetase is co-injected. In experimental conditions 
where the organelle tRNA’ is charged, there is a very efficient 
suppression of the B-globin UGA termination codon. In the 
presence of 33 ng of tryptophanyl-tRNA synthetase per oocyte 
(that is, ~0.3 uM) the amount of 8- globin readthrough product 
synthesized is dependent on the amount of mt tRNA’™ injected 
(Fig. 1c, lanes 7-12). At 110 ng of mt tRNA"” per oocyte (lane 
11), 93% of the 18,500 M, protein was observed as opposed to 
7% of the 16,000 M, protein. In fact, this amount can be 
considered as corresponding to almost 100% readthrough of the 
B-globin UGA terminator as the remaining 16,000 M, protein 
(lanes 11 and 12) corresponds to the translation product of the 
rabbit a- globin mRNA (termination codon UAA), as revealed 
by two-dimensional gel electrophoresis (results not shown). The 
a-globin mRNA is indeed poorly expressed in the oocyte in the 
absence of added haemin’’. 

A quantitative comparison of the readthrough efficiency was 
made between the mt tRNA™™ and the S. pombe opal suppres- 
sor tRNA** (Fig. 2). Clearly, the mt tRNA‘” is a more efficient 
suppressor in all ranges of tRNA concentration studied. The 
largest difference is observed at a low tRNA concentration 
where as much as 5% of readthrough can be detected with 0.5 ng 
of mt tRNA™® per oocyte (that is, ~0.02 uM) whereas 8-10- 
fold that amount of the suppressor tRNA is needed to obtain 
the same effect. 

The same is true for the suppression of the UGA stop codon of 
other mRNAs, as shown by comparing the effects of these two 
tRNAs on the endogenous translation products of the frog 
oocyte. Out of the 600 protein spots resolved by two-dimen- 
sional gel electrophoresis'*, 59 have been found to be unam- 
biguously affected (that is, appearance of new protein spots or 
disappearance of pre-existing ones) in the presence of mt tryp- 
tophanyl-tRNA™® (A. P. Sibler, unpublished results), whereas 
only 16 strong changes have been observed when the opal 


suppressor tRNA* is injected'’. This difference between the 
two tRNAs in ability to suppress natural UGA stop codons may 
result from differences in their intrinsic binding properties due 
to the nature of the modified U in the first position of their 
anticodons*’'’. Furthermore, other structural differences 
between the two tRNAs might also be involved in their binding 
properties and/or in their effect on the ribosome during the 
translation process. A precedent for this kind of hypothesis is 
provided by the UGA suppressor tRNA‘ (anticodon CCA) 
from E. coli, in which a sequence alteration in the D-stem 
confers the ability to translate the UGA nonsense codon in the 
suppressor strain CAJ64”°, 

Our results show that yeast mt tRNA™”, once it has been 
aminoacylated, is completely functional in all steps of protein 
synthesis that occur in the cytoplasm of a living cell: for example, 
codon recognition on the 80S ribosome, interaction with elon- 
gation factors, transpeptidation, and competition with the UGA 
termination factor(s). This poses an important problem if mt 
tRNA™ is naturally exported into the cytoplasm of the cor- 
responding eukaryotic cell. In fact, only the charged mt tRNA™ 
would be able to interfere in the normal process of cytoplasmic 
protein synthesis. Apparently, an essential evolutionary barrier 
which avoids cross-reaction in protein synthesis between the 
cytoplasm and mitochondria occurs at the level of the charging 
reaction of the mt tRNA. 
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Fig.2 Percentage of 8-globin readthrough protein synthesized in Xenopus 
oocytes as a function of the amount of microinjected mt tRNA‘. The values 
(@) were taken from lanes 7 to 12 in Fig. 1c. Each point corresponds to the 
results obtained for 10 injected oocytes. The ordinate shows effective values 
of per cent readthrough; the methionine content of the readthrough protein 
(2 Met residues) and of the 8-globin (1 Met) have been taken into account. 
On the abscissa, the amount of unacylated mt tRNA‘ microinjected per 
oocyte is given in a logarithmic scale to visualize the minimal tRNA 
concentration for detectable readthrough. The curve obtained with S. pombe 
UGA suppressor tRNA" (©) is given for comparison (results taken from 
Bienz et al."*). 
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The Xenopus oocyte microinjection method provides a 
simple, sensitive and convenient system to assay for the coding 
properties of a tRNA molecule in vivo. Such studies could be 
used to determine the existence of other coding changes in the 
mitochondrial genetic code and to evaluate the influence of the 
reduced number of mt tRNA isoacceptors on the decoding 
mechanism operating in mitochondria. 
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Bilayers incorporating phospholipids that are capable, in iso- 
lation, of forming non-bilayer structures show ‘pits and par- 
ticles’ or ‘cusps’ by freeze-fracture electron microscopy“. 
These points of very high curvature in the bilayer have been 
interpreted either as inverted micelles within a single bilayer*” 
or intersecting bilayers**, or as intermembrane sites of attach- 
ment’’*. We have used extremely rapid freezing and cleavage at 
very low temperature to look at the cardiolipin—phos- 
phatidylcholine system and report here a high incidence of 
cross-fractured liposomes, which shows that even at lower CaCl, 
concentrations they are filled with membranous structures. 
More interestingly, the arrays of pits and particles are closely 
aligned and associated with two further kinds of asymmetric 
bilayer deformation. Flat areas in the bilayer seem to represent 
sites of particularly adherent interbilayer contact and deep 
invaginations appear to represent sites where fusion with inter- 
nal bilayers has occurred. 
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Fig. 1 Freeze-fracture electron micrographs of very rapidly 
frozen liposomes of bovine cardiolipin and egg phos- 
phatidylcholine (1:1) in 4mM CaCl». Cross-fractures (a) show 
that these liposomes are full of lipid material (x80,000). The E face 
(b; x100,000) and the P face (c; x100,000) of the outer bilayer 
show three types of invagination. Pits and particles or cusps are 
aligned with both unetched flat areas at the sites of shallow 
invaginations of the bilayer, and deep invaginations that cross- 
fracture and etch 


Liposomes were prepared by combining chloroform solutions 
of egg phosphatidylcholine (PC) and bovine cardiolipin (CL) to 
give a molar ratio of 1 : 1, evaporating the solvent and hydrating 
the lipid with 65 mM NaCl. The liposomes were bath-sonicated 
briefly at 0 °C to form a uniform suspension and CaCl, added to 
a final concentration of either 4 or 8 mM; precipitation of the 
lipid was first seen with 8 mM CaCl,. The suspension was briefly 
sonicated and allowed to equilibrate for several hours. A droplet 
of the suspension was then frozen rapidly without cryoprotec- 
tant’, cleaved at —150 °C, etched at —105 °C for 5 min with an 
overlying cold trap, and unidirectionally shadowed with Pt. 

Internal and external monolayers of CL/PC liposomes 
without CaCl, are smooth with no apparent substructure of the 
bilayer. The higher concentration of CaCl, gave images consis- 
tent with those of Verkleij et al.* and with previous X-ray 
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Fig. 2 Our interpretation of the three images of bilayer defor- 
mation. a, Interbilayer attachment is required to account for the 
asymmetric punctate deformations whose substructure is 
unknown. b, The flat areas juxtaposed to the curved suggest lateral 
segregation of the lipid with adherent neutral bilayers in the flat 
areas and electrostatically repelling bilayers in the curved. c, Deep 
cross-fractured invaginations suggest fusion of outer and inner 
bilayers. 


diffraction experiments which show that this combination of 
lipids segregates into two distinct phases. In 4 mM CaCl, cross- 
fractures establish that these liposomes are not single bilayer 
vesicles but are full of membranous material (Fig. 1a). The 
surfaces of the liposomes show patterns, described earlier’, 
formed by linear arrays of projections on shallow ridges in the 
outer monolayer (E face, Fig. 1b) and indentations in valleys on 
the inner monolayer (P face, Fig. 1c) of the outer bilayer of the 
liposomes. These punctate deformations—‘pits and particles” 
or ‘cusps’*—are ~100 A in diameter. This study shows that the 
linear arrays are associated with two further kinds of bilayer 
deformation; in one of these, the E faces (Fig. 1a) show circular 
ridges of various sizes with steep central holes, resembling 
volcanoes. The P faces (Fig. 1c) show complementarity to the 
above, with circular depressions of various sizes having steep 
holes in their bases. The holes are typically surrounded by their 
adjacent cross-fractured monolayer (appearing as a step around 
the rim of the holes), and are interpreted as resulting from the 
etching of aqueous cross-fractured areas. The second type of 
deformation is similar except that the tops of the volcanoes and 
the flat-bottomed valleys show no etching and are taken to be 
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non-aqueous surfaces. The perimeter of both flat areas and 
etched holes show frequent cusps. 

The complete asymmetry of these deformations shows that 
the outer membrane of the liposome is invaginated. Our inter- 
pretation of these invaginations is shown in Fig. 2. The inter- 
pretation of the punctate pits and particles and cusps has been 
recently debated®. Both their asymmetry'® and the fact that 
they have been seen on liposomes that contain lipid material 
(refs 1, 2 and Fig. 1a) and on bilayers that touch’, but have not 
yet been shown to exist on unilamellar vesicles’, strongly 
support the interpretation that interbilayer contact is required 
for their formation and stability. Whether that contact 
represents close apposition of deformed bilayers’, the formation 
of partial or complete micelles? or formation of some other 
structure’*, or all of these, can be answered only when their 
substructure has been resolved. 

We interpret the flat unetchable surfaces, surrounded by 
curved bilayers, as areas of stable contact between bilayers or 
possibly of partial fusion. The fact that they are surrounded by 
cusps around their perimeter suggests that they may not be 
single bilayer diaphragms. The juxtaposition of flat and curved 
bilayers suggests that lateral segregation of the lipid has occur- 
red. Recent measurements of the forces of interaction between 
lipid bilayers*” show that the forces themselves can result in 
lipid segregation. The flat areas suggest that these contain 
neutral lipid and consequently adhere strongly to apposed 
bilayers. The curved bilayers could contain charged lipids and 
experience electrostatic repulsion from internal bilayers”””. 

The etchable holes represent deep invaginations that cross- 
fracture as the curvature of the bilayer precludes the cleavage 
plane following the mid-bilayer plane into the liposome. They 
seem to be sites where the external bilayer has fused with the 
internal bilayers. 

The appearance of two additional kinds of bilayer defor- 
mation may be due to the absence of cryoprotectant and the use 
of very rapid freezing. The close association and alignment of 
these three kinds of deformation suggest that they represent 
different stages of bilayer interaction and fusion, We support the 
idea that the punctate deformations represent the initial critical 
stage of fusion**. Whatever their structure, their curvature is 
much greater than that seen even in the smallest of bilayer 
vesicles'', The concave side of such deformations could be 
packed with phospholipids capable of forming an inverted 
micelle. Ca-CL could do this in the present system*"'*, as could 
phosphatidylethanolamine (PE) in PC/PE mixtures*ć, where 
we have shown that bilayer interaction itself could result in the 
focal accumulation of PE in the area of closest approach of two 
vesicles’. However, the lipid on the convex side is stressed in a 
direction that would tend to expose the hydrocarbon chains. 
This could result in the accumulation of lipid in the area that 
could accommodate such a curvature, as suggested by Fig. 2. 
Alternatively, close apposition of two such similarly destabilized 
monolayers could result in the fusion of their hydrocarbon 
portions and lead, through a series of structural transitions, to 
the fusion of the bilayers. 

We appreciate the help of Mr Bill Graham and Mr Alan 
Tivey. R.P.R. acknowledges the support of the Natural Sciences 
and Engineering Research Council of Canada. 
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V-test is not a statistical . 
test of ‘homeward’ direction - 


THE V-test! is widely used by 
behaviourists to evaluate circular data 
from studies of animal orientation. 
However, the statistic has been almost 
universally misinterpreted. 

Batschelet' very clearly defined the 
scope of the test when he wrote: ‘‘the null 
hypothesis that we are going to test is 
randomness, which means that the angles 
of the sample are independent obser- 
vations from a uniform: circular dis- 
tribution”. However,. he further stated 
that ‘‘the V-test leads to significance only 
when there is sufficient clustering around 
the predicted direction”. It has been this 
statement, apparently, that has led .to 
some misunderstanding. We can reject the 
null hypothesis when we have sufficient 
clustering around the predicted direction. 
However, the mean direction may still be 
significantly different from the predicted 
direction. 

Nevertheless, it bas been generally 
assumed that the test will determine 
whether a sample is oriented in a predic- 
ted direction. For example, in four recent 
papers’, the V-test was used, in each case 
as if rejection of the null hypothesis 
supported the conclusion that animals 
were orienting in the appropriate direc- 
tion. Samples with significant V prob- 
abilities were commonly called ‘home- 
ward directed’. There has even developed 
a myth that the V-test complements the 
Rayleigh test, the latter determining 
whether a sample is nonrandom, and the 
former whether the nonrandom sample is 
properly directed. Thus, Hartwick et al.? 
said that their data were “evaluated: for 


nonrandomness by the Rayleigh. test’’: 


and ‘for homeward directedness by the 
V-test’’. 

This, unfortunately, is not valid. The 
null hypothesis of the V-test is the same as 
for the Rayleigh test, as we have pointed 
out. The two tests use different methods, 
but they have the same function. It is true 
that the calculation of the V statistic uses a 
predicted direction, but only so that the 
sample’s component on that axis car be 
compared with the distribution of cosines 
from “samples from a uniform circular 
population” (ref. 4). In rejecting the null 
hypothesis, the researcher can claim that 
his data are not from a uniform circular 
population but he cannot claim that the 
data are from a population of samples 
oriented in the predicted direction. 

A test that addresses the latter question 
is described elsewhere’. The null hypo- 
thesis states that the sample mean is drawn 
from the population of means around the 
predicted direction. After the nonran- 
domness of the sample has been demon- 
strated by either the Rayleigh test or the 


V-test, the Watson test can be used to 
determine whether a confidence interval 


‘around the sample mean includes the 


predicted direction. If the theoretical 
mean is not within the 95% confidence 
interval, then the null hypothesis is rejec- 
ted, and the alternative hypothesis accep- 
ted, that the sample mean is not in the 
predicted direction. 

As both tests use the sample mean’s 
component in the predicted direction, 
sometimes a misinterpreted V-test may 
seem to give the same results as the 
Watson test. However, this is not always 
so; a case in point is the paper by Mather 
and Baker’. Here; the mice transported in 
the reversed magnetic field had a second- 
order mean direction of 131°, which is 
significant by the V-test, using as the pre- 
dicted direction 180°, the reverse of that 
expected , for the controls. The authors 


“stated that the orientation of the experi- 


mental animals was “significantly clus- 


‘tered around 180°’. However, use of the 


more appropriate Watson test shows that 
the 95% confidence interval around the 
experimental sample does not include 
180°. Consequently, there is no evidence 
for precisely reverse orientation. From the 
V-test, we know that the sample mean has 
a nonrandom component in the predicted 
direction, but we cannot conclude that the 
mean itself is in the predicted direction. 
Thus we cannot conclude anything about 
the appropriateness of the orientation to 
the experimental manipulation. 

Clearly, Mather and Baker are not 
alone in their misinterpretation; many 


Others in the field have also used the V- 


test in the same way. Now seems like a 
suitable time for reform. 


_ DANEEL J. ANESHANSLEY 
oe 


Section of Newasnee and 
Behavior, 

School of Electrical Engineering, 

Cornell Untoersity, 

Ithaca, New York 14850, USA 
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MATHER . AND BAKER REPLY— 
Aneshansley and Larkin have raised an 
important point concerning the inter- 
pretation of the V-test, a statistical test 
that is widely applied in the study of ani- 


mal orientation. It is now apparent that for 
several years many behaviourists, follow- 
ing Batschelet’, have misinterpreted the 
V-test by assuming that because there is a 
nonrandom vector in a predicted direc- 
tion, the sample mean is not significantly 
different from that predicted. 

Aneshansley and Larkin have used our 
paper’ on magnetic orientation by mice to 
illustrate their point. After commenting 
on our application of the V-test, the 
authors state that no conclusions can be 
made about the appropriateness of the 
orientation to the experimental manipu- 
lation. While we accept the comments 
regarding the V-test, we stress that our 
main conclusions concerning rodent 
magnetic orientation are still valid: 
reversal of the direction of the ambient 
magnetic fleld during displacement 
subsequently influences the animals’ abil- 
ity to determine the direction of home. 
Most important is the fact that experi- 
mental manipulation of the magnetic field 
results in a significant difference in the 
directional preferences of control and 
experimental mice (Watson’s U2, non- 
parametric two-sample test). Moreover, 
both for controls and experimental ani- 
mals, the mean orientation has a nonran- 
dom component in the predicted direction 
(that is, 0° and 180° respectively). Also, 
the mean for the controls is actually in the 
predicted direction (Watson’s F-test). We 
can Only not say (nor did we in our paper) 
that the mean for the experimental ani- 
mals was also in the predicted direction. 

We agree with Aneshansley and Larkin, 
therefore, that we have not presented 
evidence for precisely reverse orientation 
but that was never our intention. The main 
point of our paper was to demonstrate a 
magnetic sense of direction in a rodent 
and its involvement in route-based navi- 
gation. This still stands. 


JANICE G. MATHER 
R. ROBIN BAKER 


Department of Zoology, 
University of Manchester, 
Manchester M13 9PL, UK 
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Molecular packing in collagen 
rs, data from chemical 
cross- es linking and electron microscopy” 


were quoted to challenge aspects of the 
quasi-hexagonal model? for the molecular 
packing in collagen. Any models must, of 
course, account for X-ray, electron 
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microscopic and chemical data, but we 
submit that both of these present chal- 
lenges fail. 

The structure illustrated in our earlier 
paper’, and reproduced by Bailey er al.', 
is, aS we pointed out, one of several 
possible quasi-hexagonal packing 
schemes, all with the same unit cell and 
consistent with the X-ray diffraction 
data’. One of these schemes*, already 
preferred in cross-linking arguments, is 
able to incorporate the 1,5,1,5 cross- 
links'* to a greater extent than any other 
hexagonal model including the ‘com- 
pressed microfibril’ model’. The paper by 
Miller and Tochetti* was in the press and 
thus not available to Bailey et al.’ at their 
time of writing and the cross-links used by 
the former were not those to which Bailey 
et al. drew attention. Contrary to the 
conclusions of the latter, we have shown 
that the cross-linking data are consistent 
with quasi-hexagonal packing, and 
support the particular packing scheme 
mentioned above. 

The characteristic 3.8-nm row-line in 
the X-ray pattern from native tendons is 
often replaced by a row-line in the range 
4.5~18 nm in X-ray patterns from fixed or 
stained specimens””’®. It is possible that 
the arguments of Squire and Freundlich’ 
are based on such an artefact. It is difficult 
to preserve the 3.8-nm spacing in speci- 
mens prepared for electron microscopy 
but this has been achieved’! by monitor- 
ing the effects of the preparative steps 
using X-ray diffraction. Furthermore, the 
observation of Parry and Craig‘ might be 
due to 4-nm units adhering to the circum- 
ference of the fibrils. Finally, Bailey et al.' 
refer to a published X-ray pattern’? of 
stained tendon showing an 8-nm row-line 
as strong evidence for an 8-nm lateral unit 
cell. This is invalid in view of the vari- 
ability described here. 

Hence, while fully accepting that X-ray, 
electron microscopic and cross-linking 
data are all relevant, we do not believe 
that other studies’? improve on the simple 
quasi-hexagonal model. 
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SQUIRE AND FREUNDLICH REPLY— 
Hulmes and Miller have suggested that 
our observation of a lateral periodicity in 
electron micrographs of collagen fibrils 
need not be taken into account in 
considering possible collagen packing 
schemes as we are probably studying 
preparative artefacts. They also imply that 
the variation of lateral periodicity with 
different preparative treatments is 
significant. The following comments may 
help to put these views into perspective. 

(1) Published electron micrographs 
have frequently shown collagen fibrils 
which seem to be composed of longitu- 
dinal strands'*. Previous studies of such 
preparations (for example, by optical 
diffraction) have failed to demonstrate 
any regularity between these strands, thus 
they could have been taken to be artefacts 
of the preparative procedure in which 
fibrils which are close-packed in vivo are 
split randomly by the effects of fixation, 
staining and drying. We have shown using 
the convolution technique®, that such 
preparations can be very much more 
regular than has previously been thought. 
Of course we do not know that collagen 
molecules occur in such spatially separate 
bundles in vivo ; electron microscopy is per 
se a study of preparative artefacts. We 
would argue, however, that even if molec- 
ular clumping in collagen fibrils occurs as a 
result of the preparative procedure, 
periodic clumping, however caused, is 
most likely to be a reflection of a periodic 
variation in the intermolecular inter- 
actions in the native fibril. Thus at the very 
least our results imply a variation every 
50-100 A in the intermolecular inter- 
actions in collagen fibrils. Note that three 
different preparations gave rise to 
periodicities in the limited range 50- 
100 A. 

(2) In the light of the observed varia- 
tion in the D spacings in our fibril prep- 
arations, even within a single fibril, the 
observed range of values of the lateral 
spacing was by no means surprising. When 
analysing our data we considered the 
postulate’ that collagen fibrils are 
composed of 80Å structural units. 
Despite the observed range of spacings 
our data are clearly consistent with this 
postulate. However, the data do not prove 
this, thus we were careful to note that they 
are also consistent with a superlattice 
structure viewed in different directions. 
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(3) The quasi-hexagonal packing 
scheme of Hulmes and Miller*, which is a 
very attractive model, is essentially an 
array of equivalent molecules each ~15 A 
in diameter and each making identical 
interactions with its neighbours. There is 
no reason a priori why in such an array 
there should be a regular variation in 
interactions every 50 to 100A, nor is 
there any reason in the quasi-hexagonal 
model why collagen fibrils should be built 
up from 40-A units. Hulmes and Miller 
suggest this to explain the results of Parry 
and Criag* but, although the quasi- 
hexagonal model has a unit cell with a 
principal interplanar spacing of 37.8 A, 
this is not a structural unit. The largest 
structural unit in the model, as proposed’, 
is an individual collagen molecule 15 A in 
diameter. 

(4) We consider it likely that, super- 
imposed on the basic quasi-hexagonal 
lattice, there is a pattern of intermolecular 
interactions, including specific cross-links, 
which defines molecular groupings on a 
larger scale (that is 50-100A). The 
models of Trus and Piez represent 
examples of this kind of structure; indeed 
Hulmes and Miller* themselves acknowl- 
edge such a possibility. We hope that our 
studies of cryo-sectioned collagen fibrils® 
will help to define the size and nature of 
these larger molecular groupings for 
which X-ray diffraction has so far failed to 
provide tangible data. 
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Matters Arising 


Matters Arising is meant as a vehicle 
for comment and discussion about 
papers that appear in Nature. The 
originator of a Matters Arising 
contribution should initially send his 
manuscript to the author of the ori- 
ginal paper and both parties should, 
wherever possible, agree on what is to 
be submitted. Neither contribution 
nor reply (if one is necessary) should 
be longer than 300 words and the 
briefest of replies, to the effect that a 
point is taken, should, be considered. 
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Ir 1s not difficult to understand the rapid 
growth of interest in science, technology, 
R&D, innovation, enterprise and associ- 
ated risk investment. The citizen in the 
affluent developed countries has been 
taught to expect increasing consumption of 
goods and services. For the past decade, 
these expectations have been disappointed, 
in part because the primary producing 
countries — and especially the oil 
producers — have used their bargaining 
power for the first time, and removed a 
significant slice of the affluent cake. This 
has helped the money supply to grow faster 
than the goods supply. It has also re- 
inforced the processes whereby the rate of 
growth in purchases of goods has fallen 
below the rate of growth of manpower pro- 
ductivity, with resulting unemployment 
and general malaise. 

The traditional and more obvious 
remedies are not available. After 40 years 
of successful demand management (from 
1933) there is no longer the headroom for 
acceptable trading of more inflation for 
less unemployment. So governments have 
turned to supply management. Many 
mineral resources —- and especially oil — 
are in the hands of non-OECD countries, 
sO management here is difficult. Manage- 
ment of manpower resources is inhibited 
by the powerful veto of many small groups 
who stand astride long production chains. 
All that is left is innovation — more of the 
expected consumption from scarcer 
resources. So spotlights and expectant eyes 
are turned on to the innovators. How do 
they work? Who can fund their work and 
its exploitation? Where does science come 
in? Are we educating the right sort of 
people in the right sort of way? Perhaps, 
most important of all, can the free market 
provide an adequate framework, or is 
voluntarily invested cash too impatient to 
provide for the bigger entry fees and the 
longer lead times, now extending up to a 
century ahead in extreme cases such as 
fusion power? 

The relevant literature can be written in 
many ways, none of them entirely satis- 
factory. One can present the viewpoint of 
an individual, and anecdotally describe 
how he was educated in line with the 
friendly and optimistic paradigms of an 
earlier age, only to emerge into a world that 
did not fit and was harsher. This is the 
standpoint of Public Science — Private 
View, an agreeable book by David 
Budworth. One can write of the adaptive 
struggles of a nation state to manage its 
science and their public practitioners and 
regulators. This is the theme of Philip 
Gummett’s Scientists in Whitehall, a 
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Public Science — Private View. By D.W. 
Budworth. Pp.183. Hbk ISBN 0-85274- 
449-8; pbk ISBN 0-85274-452-8. (Adam 
Hilger, Bristol/ Heyden, Philadelphia: 1981.) 
Hbk £9.95, $24.75; pbk £5.95. $14.75. 
Scientists in Whitehall, By Philip Gummett. 
Pp.245, ISBN 0-7190-0791-7. (Manchester 
University Press/Humanities Press: 1980.) 
£14.50, $38. Industrial Innovation and 
Public Policy: Preparing for the 1980s and 
1990s. By Roy Rothwell and Walter Zegveld. 
Pp.251. ISBN 0-903804-92-1. (Frances 
Pinter, London: 1981.) £13.50. 


scholarly and clear account of a pragmatic, 
muddled and slow progress. One can look 
at the problem internationally, and thus try 
to cover comparative advantage, trade, 
competition and very diverse patterns of 
behaviour. This is the much more difficult 
task attempted by Roy Rothwell and 
Walter Zegveld in Industrial Innovation 
and Public Policy. Not surprisingly, their 
book is more of a patchwork of very ill- 
assorted textiles, arranged with a care that 
cannot suffice to create a satisfactory 
pattern. 

All three books end with a doubtful and 
hesitant hope that they have helped others 
to understand and cope with the problems. 
To understand, yes; to cope, so far no. 
Time is one difficulty: substitution even of 
a simple kind (synthetic fibres, water- 
bound paints, automobiles for horses) 
typically takes 50 years or so, whereas tax- 
payers and voters expect results in one or 
two years. Tradition is another: monas- 
tically based education set up so as to man 
the British Empire may have difficulty in 
generating world-competitive mass 
production; others, who last century 
lacked either cheap materials (Germany) or 
plentiful manpower (America) or national 
victories (France), may have laid foun- 
dations more suitable for late-twentieth- 
century competitiveness, in various ways. 
Difficulty in assessing good innovative 
practices also arises from the large number 
of other good practices equally necessary 
for their success: engineering, banking, 
production, marketing, and the moti- 
vation, training and deployment of people. 
So one can compare the costs of the specific 
inputs to science, technology and innova- 
tion, but there is no good measure of the 
separate value of the outputs, and no 
shortage of other claimants to respon- 
sibility for the final profit or benefit. 
Patents measure the determination to 
patent as much as the quality and utility of 
the material patented. In some respects, 
then, a conspectus of anecdotal material 
may, maddeningly to numerate tech- 
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nologists, be more informative than 
numbers and graphs. 

It is therefore legitimate to take David 
Budworth’s Odyssey seriously. He 
travelled hopefully and enjoyably through | 


scientific education into technological 


research to the post-doctoral stage, and — 
then became a university teacher. Heo 
nearly stayed in America, and wishes that 
he had, because there technology is valued 
more highly than in the UK: teamwork and 
application in industry are thought of as 
intellectually challenging and socially 
valid. He moved into a brave but belated 
attempt to upgrade the tableware industry 
systematically, and has harsh things to say 
about Pharisaic comments from govern- 
ment laboratories and university lack of 
interest. In Shirley Wilhams’s words, the 
party was over, and he was squeezed out. 
But his observations are mainly about the 
research system, the universities and the- 
impact of Rothschild on science. Having 
seen that the science system is not very 
responsive in the UK to world market 
factors, he does not go on to enquire into 
the question whether the market alone will 
back the necessary technology. The French 
and Japanese reckon that it will not; its 
imperatives are crucial, but insufficient. 
Accordingly, Budworth has yet to write the 
Iliad. His style and turn of phrase make me 
hope that he will. So far, so good. 

Philip Gummett’s book is a valuable 
quarry, and brings together a lot of useful 
history. But it makes hardly any reference 
to systems outside the UK or to the need 
and basis for selectivity. So, bearing in 
mind the UK’s difficulties, it cannot say 
very much about where to go next. It is 
about means, not ends. 

In his closing pages, Gummett almost 
escapes from the parochialism of science 
policy. He observes (p.228) that ACSP’s 
(Advisory Council for Scientific Policy) 
1954 warning of the dangers of turning out 
too many narrow science specialists was 
not followed by marked changes in the edu- 
cational system, which therefore ‘may still 
impede the better use of scientists in 
Whitehall’, He continues: 
to wonder whether it would not be in the best 
interests of British Science and British govern- 
ment to broaden the base of experience which is 
being tapped; interestingly, this is not a question 
that has attracted much attention among 
scientists, 

This question is central, penetrating and 
pertinent, and is firmly addressed in the 
recent Holdgate report on the Scientific 
Civil Service. In other countries, there is an 
overlapping and continuous spectrum of 
people with broad capabilities ranging 
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from the non-technological cleric, lawyer 
and financier at one end to the highly- 
skilled biotechnologist or number theorist 
at the other. The private sector in the UK 
has responded similarly, as far as it can in 
the teeth of our educational specialist con- 
servatism. But in the public sector we have 
failed to see that technological generalists 
— the middle members of the spectrum — 
are the essential allies of the specialists, 
with whom they are symbiotic and 
mutually dependent. They are not enemies 
from an alternative and hostile culture, but 
they tend to be treated as such because they 
question the sufficiency (though not the 
necessity) of specialist freedom. So it is 
hard to accept Gummett’s tentative sugges- 
tion that the day may be saved by the 
Advisory Board for the Research Councils 
— a wise and distinguished body, whose 
main job is defined by its title. It is seeking 
to ally itself more closely with its sister 
Advisory Council for Applied Research 
and Development and to use science more 
effectively (as well as protecting its inde- 
pendence). But the difficulty is that 
ACARD has no money and hence only 
influence, not authority. Under the British 
system, so ably described by Gummett, an 
ACARD witha lot of financial clout would 
be a surrogate micro-Cabinet. For better or 
worse, it would be opposed by Depart- 
ments and Ministers, whose functions it 
would duplicate. Accordingly, the techno- 
logical generalists, who have now begun to 
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become significant forces (more warmly 
welcomed by the arts administrators than 
the traditional scientists), must operate on 
an informal, club basis when they seek to 
co-ordinate the work of different minis- 
tries. They have had to come in from 
outside, but before long the civil service 
itself will produce some top technological 
generalists of its own. Come back Fulton, 
all is forgiven, says Holdgate; Whitehall is 
following. Will the university scientists and 
their learned societies follow? | think that 
they will, but it has taken a long time. 
Rothwell and Zegveld are academic 
technological generalists who will be read 
by an increasing number of people in 
Whitehall as well as those working in 
industry. How far have they provided the 
intellectual infrastructure that these proud 
pragmatists can use? A little way, but not 
far enough. In particular, they are not 
generous enough in recognizing the crucial 
role of the private sector — insufficient 
certainly, on its own, and dependent on 
government actions. These include the 
climate provided by the patent system and 
limited liability, and backing for technical 
infrastructure with lead times too long for 
firms living in a world of 8-20 per cent 
interest rates. But the successful selective 
systems — France, Sweden, Japan — allow 
the choice of products and processes to be 
made by firms, and allow competition to 
winnow the contenders. This is an area 
where governments alone have a poor track 
record — except in wartime, a factor which 
causes confusion. Academics and public 
servants tend to underestimate the very 
basic differences between rules for the 
military and peaceful application of tech- 
nology. This useful and valuable book is 
therefore flawed; it does not merely 
underestimate the private role, it says 


(p.238) ‘‘technological laissez faire is 
presently as much a thing of the past as 
economic laissez faire’’. “‘Is’’, is mani- 
festly wrong; ‘‘might be’’, ‘‘ought to be’’, 
or ‘‘will be’ would be debatable. Most 
OECD governments have been and are 
trying to liberalize technology policies in 
various ways, and it is at least arguable that 
the enormous capital requirements for the 
development of Colorado shale have been 
made available more effectively through 
price de-regulation than through President 
Carter’s tax-based Synfuels Corporation. 
After all, Carter himself tried hard to de- 
regulate, and failed for lack of political 
authority. There are many further 
examples. 

But perhaps such cavilling is unworthy. 
Rothwell and Zegveld lay out all the main 
issues, and assemble an impressive array of 
published data and ideas. It is possible to 
add material about the key role of the inter- 
national companies in innovation and tech- 
nology transfer, and then use the structure 
of their last chapter to consider the public- 
private sector synthesis so as to look 
forward and decide on new wayleaves for 
enterprise and venture capital, alongside 
government investment of taxpayers’ 
money in basic technology. The appli- 
cation of science and technology requires 
the individualism of the discoverer, the 
inventor and the entrepreneur to get the 
show on the road, and the collective inter- 
national strength of firms and govern- 
ments for it to grow and flourish. The 
unification of these psychologically very 
diverse capabilities is the key role of the 
technological generalist. C 


Duncan Davies is Chief Engineer and Scientist 
at the government Department of Industry, 
London. 
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THE study of nuclear reactions initiated by 
heavy ions has become one of the main 
areas Of activity in nuclear structure 
physics. The projectile in a heavy ion 
reaction is a heavy nucleus accelerated as 
an ion in a cyclotron or some other kind of 
accelerator, the object being to study 
interactions between the projectile and a 
nucleus of an atom in the target. The 
interaction of a@-particles with nuclei is 
known to exhibit features characteristic of 
much heavier and more complicated 
projectiles — the a-particle has sometimes 
been referred to as the “‘lightest heavy ion’’ 
— and helium beams of high quality and 
intensity have been available for many 


years. Now there are a number of different 
facilities available around the world for 
accelerating heavy nuclei. 

Professor Bass’s book gives an excellent 
survey of the present state of our 
understanding of heavy ion reactions. He 
covers most aspects of the subject, but 
excludes reactions initiated by relativistic 
heavy ions as well as more specialized 
theoretical topics. 

The de Broglie wavelength associated 
with the relative motion of two nuclei ina 
heavy ion collision is much smaller than the 
radii of the nuclei involved and their orbital 
angular momentum is large. In these 
circumstances it is possible to use semi- 
classical or even classical mechanics to 
describe a collision. The wave effects 
associated with quantum theory are 
noticeable only in certain kinds of 
experiments. The first chapter of the book 
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Brain Mechanisms Of 
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vertebrates 

Edited by P.R. LAMING 


This text combines an introduction to comparative 
neuroeihology with specialised topics in which advances have 
recently been made, and concentrates on teleosts and 
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known. Hard covers £25.00 net 
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Elements of Pharmacology 


A primer on Drug Action 
P.J. BENTLEY 


This short introductory book provides a concise summary of 
the science of pharmacology for students of medical and 
health sciences and those people who need a basic 
knowledge of the subject. It presents the fundamental! 
principles required to understand the use, mechanisms of 
action, toxicity and side effects, and therapeutic applications 
of drugs in man. Hard covers £15.00 net 
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This extensively revised 500 page book on animal structures - 
how they appear to have evolved, and how they work - 
summarises current knowledge of the vertebrates and the few 
other animals that make up the phylum Chorda, and also 
outlines how this knowledge has been obtained. 
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Two-Phase Flows in 
Chemical Engineering 
DAVID AZBEL 


This book concerns the hydrodynamics and mass transfer in 
two phase flow systems. It acquaints the reader with theories 
developed by the author and their application to mass 

transfer, chemical and microbiological processes, and 
includes methods for the design and scale-up of industrial 
equipment from laboratory measurements. £45.00 net 
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Edited by DAVID G. SMITH 


This is an authorative higher-level reference work covering the 
broad span of the Earth Sciences with emphasis on those 
areas in which significant progress has been made in recent 
years. In 496 pages it deals with topics ranging from the 
formation of our planet, its past history and present 
properties, rocks, minerals, and geophysical processes 3 
through to extraterrestrial geology. £19.95 net | 
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Growth 


MINORU OZIMA 
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Professor Ozima’s readable account of the evolution of our 
planet during 4.5 billion years emphasises artir s eariy 
history, bul also includes a discussion of current practical 
problems such as the disposal of radioactive waste. 
Hard covers £10.50 net. 
Paperback £2.95. net 


The Vegetation of 
Australia 


N.C.W. BEADLE 


This high-level monograph is a complete survey of the 
vegetation of the whole of Australia. in 700 pages of text with | 
many diagrams the flora, its origin, development and 
composition, is described: particular attention is paid to the 
genera Eucalyptus and Acacia which together form almost all 
Australian forests and woody communities outside tropical 
rain forests. £50.00 net 
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A concise account of the sources and 
environmental pathways of lead 
which gives details of lead pollution in 
air, water and soil. Methods of lead 
analysis and current control 
techniques are given, and the text is 
extensively illustrated and 
referenced. There is also an account 
of the health effects of exposure to 
lead. This practical and informative 
book will be welcomed by all those in 
universities, industry and government 
who deal with the subject. 
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STANDARDS IN 
ABSORPTION 
SPECTROMETRY 


Edited by C Burgess and A Knowles 
for the Ultraviolet Spectrometry Group 


This title reviews current practices 
and ideas in absorption spectrometry, 
and makes recommendations on the 
choice and use of standards, methods 
of calibration, and the design and 
construction of spectrometers and 
cells. It offers a practical and 
authoritative guide for analytical 
chemists and biochemists and for 
those concerned with the 
development of instruments. 


January 1981 168 pages 
Hb 0 412 224704 £9.50$19.95 


SCIENCE AND 
TECHNOLOGY 
POLICY 


Priorities of Governments 
CA Tisdell 


This book examines the ways in 
which governments formulate 
science and technology policy and 
considers what their priorities should 
be for funding scientific research and 
development. A major part of the text 
consists of a comparative analysis of 
the policy and priorities of nine OECD 
countries. Four large economies are 
compared (UK, West Germany, Japan, 
US) and five small ones (Belgium, 
Canada, The Netherlands, Sweden 
and Switzerland). 


Professor Tisdell's book should 
interest all those who influence 
science policy or who are affected by 
its results. 
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Fluorescence spectrometry is a 
technique of great sensitivity and 
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make reliable comparisons of their 
results. 
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gives a summary of the results of both 
classical and quantum scattering theory 
needed for subsequent discussions. In 
addition, some experiments involving 
collisions between lighter nuclei can be 
understood by supposing that there is an 
intermediate state in which the nuclei stick 
together forming a kind of nuclear 
molecule, and the author presents evidence 
for this quasi-molecular picture. 

About one-half of the book is concerned 
with quasi-elastic scattering, that is the 
simpler kinds of scattering processes where 
the interacting nuclei are left in their 
ground state after the collision, or in a low 
excited state. Also included in this category 
are reactions where one or several nucleons 
are exchanged between the nuclei during 
the collision. A great deal of experimental 
and theoretical effort has been put into 
studies of quasi-elastic scattering and 
Professor Bass has collected together the 
most interesting results. There are a 
number of open questions here and, as 
well as reviewing the present state of 
understanding, the author provides a very 
complete set of references. 

Deep inelastic scattering and fusion are 
other processes which can occur in a heavy 
ion collision, and Professor Bass gives a 
clear review of current experimental results 
and theoretical ideas. In deep inelastic 
scattering two fragments similar in mass to 
the initial nuclei emerge from the collision, 
but almost all the energy of relative motion 
is transferred into internal excitation. This 
transfer takes place in a very short time, 
comparable with the transit time of a 
nucleon across a nucleus. There has been 
intense discussion about the mechanism of 
this energy loss: is it due to collisions 
between nuclei or does it involve the 
interaction of nucleons in one nucleus with 
the average potential field due to the other 
nucleus? 

The book also has an interesting chapter 
on superheavy nuclei. For a number of 
years there has been speculation that nuclei 
with atomic number Z in the range | 12-126 
might exist and be moderately stable. Such 
nuclei could be formed in a fusion reaction 
between two lighter nuclei. Present studies 
of fusion reactions have shown that itis not 
easy to get two nuclei to fuse permanently 
into a compound system. Usually they 
seem to fuse temporarily and then separate 
again, but with a better understanding of 
the fusion process it might be possible to 
form superheavy nuclei. 

Professor Bass has succeeded in giving a 
most valuable overview of all these topics. 
The author’s own research is mainly in the 
fields of deep inelastic scattering and 
fusion, and these topics are especially well 
discussed and a balanced view is presented. 
The references are complete throughout. It 
is a well-planned book which will be very 
useful to research workers in the field. 





D.M. Brink is in the Department of Theoretical 
Physics at the University of Oxford. 
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Enzyme Regulation and Metabolic 
Diseases. By Francesco Belfiore. Pp.877. 
ISBN 3-8055-0005-X. (Karger, Basel: 
1981.) SwFr. 249, $149.25. 


THE relationship between enzyme 
deficiency and metabolic disease has been 
thoroughly explored since Garrod 
formulated the concept of inborn errors of 
metabolism more than 70 years ago. In 
contrast, the possible role of altered 
enzyme regulation has received much less 
attention, although the concept is attrac- 
tive especially for more common disorders 
having a prolonged time course such as 
obesity, atherosclerosis and the secondary 
complications of diabetes. Galton, in par- 
ticular, has proposed that a defect in the 
regulatory site of a key enzyme might be 
important to the development of certain of 
these conditions and has provided some 
supporting evidence. An alternative view, 
and that which is espoused here by Dr 
Belfiore, is that altered enzyme regulation 
is ‘ʻa change in regulatory factor(s) in the 
presence of normal enzyme(s)’’. Having 
thus set the context in which the topic is to 
be considered, the various mechanisms 
which might be important to altered regu- 
lation are very briefly considered. There 
then follow four massive sections which 
examine the evidence for, and possible role 
of, altered enzyme regulation in obesity, 
diabetes, the hyperlipoproteinemias, and 
atherosclerosis and diabetic microangiopathy. 

My overall impression is that this book 
lacks balance and critical insight in the 
treatment of a concept which is not widely 
accepted and for which, except in a few 
instances, there is little clear-cut evidence 
at the biochemical level. Although 
widespread changes occur in the levels of 
both metabolites and enzymes in all the 
conditions discussed, the most pertinent 
question is which, if any, of these changes 
are causal and to what phase of the overall 
disorder do such changes relate. These 
questions are extremely difficult to answer 
but Belfiore’s case is not helped by failing 
to formulate them clearly. The lack of 
balance is shown clearly by the relative 
weight given to discussion of general 
mechanisms, which is minimal, versus the 
properties, and changes in the level, of 
specific enzymes in the various disease 
states examined. It is also exemplified by 
the failure to give reasonable attention to 
both of the hypotheses which might explain 
altered enzyme regulation in the disease 
states considered, given the absence of 
compelling evidence favouring either one 
of them. Since no coherent postulates are 
presented, the sections relating to specific 
disease states have become a compendium 
of information which might conceivably 
(or even inconceivably!) be relevant. The 
result resembles that of an old-style Annual 
Review in which the objective was to detail 
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-all information published on the topic in 
the past year. In this case, however, the 
period covered is 1950-1977 giving rise to 
< nearly 4,500 references in a section which 
occupies nearly a third of the text. 

- . The collection of a vast amount of data 
< is, then, the author’s major contribution. 
- If this book has a use, it is as a catalogue 
and source of information for those who 
~ have the patience to sift the wheat from the 
~ chaff. c; 





- M.C. Scrutton is Professor of Biochemistry at 
< King *s College, University of London. 


A taste of modelling 
-William L. Jolly 


<- Molecular Shapes: Theoretical Models of 
_ Jnorganic Stereochemistry. By Jeremy K. 
Burdett. Pp.287. ISBN 0-471-07860-3. 
(Wiley: 1981.) £24.05, $43.25. 


One of the main efforts in modern 
- inorganic chemistry is the search for simple 
-yet accurate methods for predicting the 
shapes of molecules. The problem is critical 
- because of the explosion in the number of 
new structural types that have been 
synthesized in recent years. In this book 
< Jeremy Burdett briefly describes the more 
useful of these predictive methods, 
including the electron pair repulsion 
approach, the Walsh diagram approach, 
the Jahn-Teller theorem, the angular 
< overlap method, the crystal field model, 
© the 18-electron rule, the cluster electron 
= counting rules and the fragment 
formalism. The emphasis is on simple 
molecular orbital theory, with frequent use 
of the angular overlap model. 

Each topic is discussed in a clear and 
critical manner, and I am sure that most 
readers will gain new and useful insights 
from a reading of any one of the 15 
chapters in the book. My only possible 
complaint is that the book is rather short. 
Thus Wade’s rules for electron-counting in 
cage compounds are covered in only 13 
pages, and the fragment formalism in solid 
= state chemistry (a topic developed by 
Burdett himself) is discussed in fewer than 
< five. Yet in another sense the coverage of 
-= each topic is ideal: the material is presented 
> so interestingly that the reader’s appetite is 
> whetted so that he is eager to go to the 
< original literature and learn the details 
- which have been omitted from this book. 
© Toa certain extent, Burdett’s approach 
is idiosyncratic because of its stress on the 
© angular overlap method and arguments å la 
~ Roald Hoffmann. However that emphasis 
adds a certain flavour of eccentricity, and I 
heartily recommend the book to all 
inorganic and organometallic chemists. 
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William L. Jolly is a Professor in the 
Department of Chemistry at the University of 
California, Berkeley. 


T.R. Birkhead 


Behavioral Mechanisms in Ecology. By 
Douglass H. Morse. Pp.383. ISBN 
0-674-06460-7. (Harvard University Press: 
1981.) $32.50, £17.50. 


THERE are now a number of behavioural 
ecology books available, but this one 
differs from most others in being primarily 
concerned with how animals behave rather 
than with selfish genes and why particular 
behaviour patterns have evolved. The main 
theme is competition for resources, mainly 
food, and Morse starts by discussing 
foraging efficiency in some detail. The rest 
of the book is concerned with the con- 
straints on foraging efficiency, such as the 
effect of predators, high and low temper- 
atures, reproductive activities and so on. 

Chapters 2 and 3, on foraging, are 
perhaps the best. The main aspects of 
optimal foraging are clearly stated; some of 
the predictions of optimal foraging theory 
are presented and the field and laboratory 
evidence is objectively examined and 
assessed. Morse concludes that optimal 
foraging models based simply on energy 
maximization are not especially useful in 
predicting foraging behaviour in the wild 
because they ignore nutritional factors, 
competition and predation. While these 
were pertinent criticisms of optimal 
foraging studies at the time Morse was 
writing this book, many of his suggestions 
have already been followed through. For 
example, in the past few years both nutrient 
constraints and the influence of predation 
have been incorporated into optimal 
foraging models with some success. In 
discussing habitat selection (Chapter 4) the 
similarities between optimal foraging (in 
particular food and patch choice) and 
habitat selection are outlined, and the 
importance of habitat selection in terms of 
food location is emphasized. 

The author next looks at the ways 
animals avoid becoming food items 
themselves and considers antipredator 
behaviours, such as alarm calling, from 
altruistic and selfish standpoints, and then 
goes on to review behavioural thermo- 
regulation. Under reproduction (Chapter 
7) the author discusses parental care and 
communal breeding. | was surprised to find 
no mention of evolutionary stable 
strategies in the discussion of parental care, 
or indeed elsewhere, and disappointed that 
there is no mention of communal breeding 
in groups other than birds. In the next 
chapter, on the mechanisms associated 











A guide to some of the various branches of 
biology, Biology in Profile (editor P.N. 
Campbell), has just been published by 
Pergamon. Written especially with 
aspiring university students in mind, the 
book contains essays on 20 biological 
subjects. Prices are: hbk £8, $19; pbk 
£3.98, $9.50. 





with competition for mates, Morse considers 
the main types of competitive interactions, 
visual, auditory and olfactory signals used 
in such interactions, and finishes by 
considering sexual size dimorphisms. He 
suggests that these have evolved as a 
consequence of sexual selection rather than 
as a result of selection for diversification in 
foraging between the sexes. This 
conclusion is based solely on the fact that 
relatively few sexual feeding morphs exist. 
While this is entirely reasonable, it 1s 
unfortunate that the author misses this 
opportunity to point out that there have 
been marked advances in the comparative 
approach over the past few years and that 
there now exist quantitative techniques for 
disentangling the effects of confounding 
variables. 

Territoriality (Chapter 9) covers some 
standard topics. The main emphasis here is 
on feeding territories, and as elsewhere in 
the book the majority of examples are 
drawn from studies of birds. Chapter 10 
looks at dominance hierarchies in relation 
to food acquisition, and 11 covers inter- 
specific competition, namely, the form of 
interactions, spatial relationships between 
competing species, changes in niche 
breadth and community structure. The 
benefits (but not the costs) of living groups 
are discussed in the penultimate chapter on 
feeding advantages and antipredator 
advantages. Finally, Morse considers the 
future direction of behavioural ecology, 
urging field workers to examine differences 
between populations of the same species, 
and between individuals, to test some of 
the ideas of R.L. Trivers and others. 
Unfortunately this chapter has lost some of 
its impact in the delay between writing and 
publication. The same is true for much of 
the rest of the book; there are few 
references after 1978 and none after 1979. 

Behavioural ecologists thinking about 
using this book as a course text may find 
the approach rather narrow and the treat- 
ment of some topics somewhat incomplete. 
Another shortcoming, I feel, is the lack of 
any attempt (except in Chapter 3) to outline 
theoretical models or evolutionary 
concepts such as optimization or ESSs. 
While few would dispute the importance of 
food acquisition, the way this has been 
linked to topics such as mate competition 
and communication seems rather tenuous. 
Moreover, to emphasize competition for 
food as Morse has done, almost at the 
expense of other exciting areas of 
behavioural ecology, produces a somewhat 
imbalanced treatment of the subject. This, 
then, is a readable and attractively 
produced book, but one which presents a 
rather specialized view of behavioural 
ecology. l 
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T.R. Birkhead is a Lecturer in Zoology at the 
University of Sheffield. 
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AN EXPERIMENT THE COSMIC THE GIANT PANDA 
WITH TIME CONNECTION RAMONA AND DESMOND MORRIS 


Revised by Johnathan Barzda 





J. W. DUNNE CARL SAGAN 
» isisac letely revised version of 
“J. W. Dunne’s predictive dreams, “A delightful series of essays. —— la antos Man 
and his explanation within the Patrick Moore and Pimedas. it otters the nod 
time concepts of modern physics, “A daring view of the universe complete account available of one of 
are as fascinating today as they by the wittiest, most rational, the most unusual and complex 
paean mani rpm: ~ a and most clear-thinking animals alive today 
century ago.” Sir Bernard Love ” 
ie Te ine today. “A delightful book about a 
. | | cig sheen delightful animal” The Observer 
Now available in paperback with a new 0 333 324749 £295 0 333 324730 £3 50 





introduction by Brian Inglis 
as PARPERMAC Also available in hardback from Kogan Page 
0 333 313325 £3.50 | 0850384893 £6.95 
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BRL® PRODUCT REVIEW 





Bethesda Research Laboratories, Inc. 


P.O. Box 6009 Gaithersburg,Md 20877 


BRLGmbH Offenbacher Strasse 113 6078 Neu Isenburg West Germany 
BRL (UK) Ltd. P.O. Box 145 Science Park Cambridge England CB4 4BE 





yhromatography 
Yolumns 


tethesda Research Laboratories 
as just introduced a complete line 
f chromatography columns and 
ecessories. These columns are 
sanufactured by Glenco Scientific, 
rhich has recently become a sub- 
idiary of BRL. The Glenco columns 
re widely used and are of high 
uality. BRL has published a 
welve-page Chromatography Column 
tatalog, which includes a wide 
ariety of columns (from 0.9 x 15 cm 
915 x 100cm), adjustable plungers, 
eservoirs, water jackets, valves and 
eplacement parts. The catalog also 
ncludes a full line of solvent- 
esistant columns and accessories. 
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Microdialysis 
System 


Bethesda Research Laboratories intro- 
ducesa unique, time-saving instrument 
for dialysis and/or concentration of 
small volumesamples. The Microdialysis 
System holds up to 28 individual 
samples of 2.0 ml or less for dialysis 
against a continuous gravity feed or 
pumped flow of dialysate from any 
reservoirs of suitable capacity. The 
system provides for simultaneous or 
sequential concentration using either 
reverse dialysis or negative pressure. 


To assemble, simply sandwich a 
rinsed dialysis membrane between 
the Sample and Flow Cells, hand 
tighten the bolts, prime the Flow 
Cell and pipette samples into the 
Sample Cell. The System is ready to 
run in about the time required to tie 
off one dialysis bag. With the 
dialysis flow rate appropriately 
adjusted, dialysis proceeds 
unattended to completion. The pre- 
cision milled components assure a 
secure, fluid-tight seal without the 
need for O-rings, gaskets or 
grease. 


The BRL ® Microdialysis System is 
now available in three models, The 
8-well and 28-well models possess 2- 
ml sample capacities. An 8-well 
model for 1-10 ml samples has 
just been introduced. 


For added convenience, the 
system includes high quality prepared 
dialysis membranes, pre-cut and 
ready-to-use, in two molecular 
weight cut-offs. 
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Advertisement 


Tube Gel Module 


The BRL Vertical Gel Electro- 
phoresis System, Model V16 now 
offers both a vertical slab gel and 
tube gel format in one economical 
combination. The accessory Tube Gel 
Module attaches instantly to the 
Model V16 to accommodate up to 12, 
140 mm long tube gels of either 3 
mm or 6 mm diameter. For two- 
dimensional protein separations, the 
lst dimension tube may now be run 
on the same apparatus to be used for 
the 2nd, slab gel phase. 
The Tube Gel Module is supplied 
with all necessary accessories for 
both 3 mm and 6 mm tube gels. 
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HYBRI eDOT™ 


BRL has designed a 96-well manifold 
that simplifies scale-up of the sen- 
sitive “dot hybridization” procedure 
for detection of specific DNA and 
RNA sequences. In this procedure, 
as little as one picogram of a specific 
nucleic acid sequence, bound to 
nitrocellulose as a small spot, can be 
detected using **P-labeled probe 
(~10® dpm/yug). Dot hybridization 
has been used to detect viral DNA in 
lymphocytes and in serum. 

The 3 mm diameter sample wells of 
the HYBRIeDOT'™: System are 
arranged to precisely match the array 
of astandard 96-well microtiter plate. 
This simplifies and accelerates pro- 
cedures such as the large-scale 
screening of bacterial colonies for 
recombinant plasmids. 
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PRODUCT REVIEW 





Computerization 


A BROCHURE describing the Model AA-875 
atomic absorption spectrophotometer is 
available from Varian Techtron. The 
AA-875 can combine with the Hewlett- 
Packard HP-85 desk-top computer via a 
full-duplex interface, allowing data to be 
transmitted from the AA-875 to the 
computer, and allowing the computer to 
control operation of the AA-875 micropro- 
cessor keyboard. The software allows the 
display of recommended operating con- 
ditions for each element, storage and recall 
of analytical methods, sample labelling and 
report formating, as well as graphics 
display. 
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Quadrupole MS 


A REVIEW of the basics of quadrupole mass 
spectrometry and the principal operational 
and electronic characteristics of the mass 
filter is now available from Balzers High 
Vacuum Ltd. 
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Plasma discharge source 


INORGANIC analysis of electrically con- 
ducting and semiconducting solid 
materials is possible using the VG Analyti- 
cal plasma discharge source, intended for 
use with the Micromass range of organic 
mass spectrometers. The material to be 
analysed is placed in the end of a probe and 
inserted into a source chamber through a 
vacuum interlock. A gas, such as argon, is 
introduced into the source chamber to a 
pressureof 0.5 torr and, with the sample 
as the cathode, a d.c. discharge is struck 
between the cathode and an anode. The 
detection limit for trace elements in the 
bulk of the sample can be of the order of 10 
p.p.b. The plasma discharge source can be 
used to detect lead in electrolytically 
refined copper and in nickel, boron in 
silicon and tin in gallium arsenide. 
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Routine colorimetry 

INTENDED for routine colorimetric and 
scanning assays, the Pye Unicam SP7-500 
double-beam UV/visible spectrophoto- 
meter offers fast keyboard operation, built- 
in alphanumeric printer and automatic 
audio/isual error warnings with printed 





Inert gas analysis 


A RANGE of static vacuum instruments for 
the analysis of ultra-microvolumes of inert 
gases such as argon, krypton, xenon and 
helium is manufactured by VG-Isotopes. 
Such isotopic analysis of inert gas samples 
has applications in earth and planetary 
sciences. In static vacuum instruments, an 
analyser vacuum of about 10°'° torr is 
produced before valving off the pumps and 
introduction of the sample. A major 
advantage of the VG-Isotope MM 1200 
instrument is that the discrimination 
remains constant for fairly long periods, 
that is, the isotope ratio measurements 
remain constant from one analysis to 
another. 
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Absorbance detector 


A NEW UV/visible absorbance detector 
from Waters Associates, the Model 441, is 
sensitive to 0.005 absorbance units full 
scale, while maintaining a full 1-cm path- 
length and virtually elminating drift and 
noise at wavelengths as low as 214 nm. 
There is rapid (0.025 s) electronic response 
to absorbance changes. 
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GC/MS systems 


MASS spectrometry products, including in- 
Struments for organic and inorganic 
analyses, are described in a brochure from 
Finnigan MAT. The booklet covers GC/MS 
and MS systems, from those intended for 
routine analyses to more sophisticated 
systems for research. 
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explanation. In colorimetric tests, the 
printer shows both the results and the 
settings with which they were obtained. In 
scanning mode the parameters are listed 
with the absorbance (or oT) and wave- 
length of the highest peak. 
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PRODUCT REVIEW — SPECTROPHOTOMETRY 


The product review this month includes items on spectrophotometry and related techniques 
The notes on these pages are prepared from information provided by the manufacturers. For 
more details use the reader enquiry card bound inside the journal. 










Pollution analysis 


ON-SITE detection and analysis of polluting 
organicAnorganic gases is possible using 
the latest portable gas chromatograph 
Model 511 from D.A. Pitman. Equipped 
with multi-detector options, the 511 can 





operate as a flame ionization, electron 
capture, thermal conductivity or flame 
photometric detector. Concentrations as 
low as 0.5 p.p.m. can be detected 
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NMR spectrometry 


Two NMR applications notes from Varian 
are now available. NMR-14 describes the 
use Of INEPT-based pulse sequences to 
enhance sensitivity and carbon discrimin 
ation on the XL-200 NMR spectrometer. 
NMR-17 describes the advantages of user 
programming in PASCAL. 
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Emission spectrometry 


THE new PV 8665 interface from Philips is 
compatible with all their spectrometers and 
source units, allowing flexible automation 
of measurement and system control. A 
feature of particular interest for inductive 
coupled plasma systems is the increased 
dynamic range of readout. Standard hard- 
ware based on the HP 9825 or Philips P 851 
computers is available, together with com- 
prehensive CESPEC emission spectro- 
metry software. Besides controlling the 
spectrometer and source unit, the PV 8665 
interface allows software checking of 
various system voltages. 
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GENETICS AND - 
PROBABILITY IN 
ANIMAL 
BREEDING 
EXPERIMENTS 


EARL L. GREEN 


Director Emeritus of The Jackson 
Laboratory, Bar Harbor, Maine. 
Editor, Biology of the Laboratory 
Mouse, Second Edition. 






















Contents 
Probability and Statistics; Segregation of 
Alleles; Assortment of Non-Alleles; 
Linkage, Recombination and Mapping; 
Mating Systems; Appendix 1 — Mean and 
Variance of a Binomial Distribution; 
Appendix 2 — Estimation of a Parameter 
by the Method of Maximum Likelihood; 
Appendix 3 — Extensions of the Method 
of Maximum Likelihood; Appendix 4 - 
Comparative Efficiency of Matings for 
Detecting and Measuring Linkage; 
Appendix 5 — the Fibonacci Sequence; 
Appendix 6 — Systems of Mating; 
Appendix 7 — Numbers of Mating and 
Numbers of Mice per Mating; Appendix 8 
— Nomenclature; Appendix 9 — Record 
Keeping; Appendix 10 — Mouseroom 
Layout and Procedures; Glossary of Signs; 
Literature Cited; Index. 





This book is a primer and reference on 
probability, segregation, assortment, 
linkage and mating systems for 
biomedical scientists who breed and 
use genetically defined laboratory 
animais for research. 


It is organised so as to be useful to 
‘novices’ and ‘experts’ alike. The 
former will find an orderly 
development of the probability aspects 
of transmission tests, segregation 
analysis, allelism tests, independence 
tests, linkage analysis and mapping. 
They will see how to design genetic 
experiments to yield data which can 
be analysed and they will also find a 
clear exposition of the theoretical 
consequences of various breeding 
systems which will enable them to 
make rational choices as to the kinds 
of animals to use in their own 
research. 


Experts will find that the most 
frequently used formulae needed for 
estimating various genetic parameters 
and their random sampling variances 
are assembled in tables or are clearly 
set forth in the text and that the 
extensive table of contents and 
detailed index will enable them to find 
the necessary formulae quickly. 


LEVEL: Professional, graduate, 
undergraduate reference. 


February 1981: £20.00; 256pp; ISBN 0 333 
27243 9 


RELATED TITLES 


FESTING: Inbred Strains in Blomedical 
Research. £25.00 1979 
FESTING: Animal Models of Obesity. 
£17.50 1979 
SPARROW: Immunodeficient Animals 
for Cancer Research. £20.00 1980 


Send your orders, requests for further 
information etc. to: Frances Roach, 
Scientific and Medical Division, Macmillan 
Publishers, Houndmills, Basingstoke, 
Hampshire, RG21 2XS, U.K 


SCIENTIFIC MACMILLAN 
& MEDICAL PUBLISHERS 



























































X-ray fluorescence 


FOR routine and industrial research pur- 
poses, the PW 1400 automatic sequential 
spectrometer system from Philips com- 
bines rapid elemental analysis with 
maximum precision and reproducibility. It 


MS data systems 


DATA systems for the control of mass spec- 
trometers or GC/MS systems and for the 
acquisition and processing of mass spectro- 
metry data have been introduced by 
Finnigan MAT. The data systems Incos 
2100C and 2200C are single acquisition 
configurations with an interface designed 
to enable control and acquisition from 
most types of mass spectrometer and 
GC/MS systems. The 2100C interface is 
designed for quadrupole systems; the 
2200C for magnetic field instruments. 
Incos software provided with the 2100C 
and 2200C features a real-time disk 
operating system designed especially for 
high-speed acquisition and processing of 
mass spectrometry data. 
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Stopped-flow 


DEVELOPED from the Nortech Canterbury 
instrument, HI-Tech’s recently launched 
new stopped-flow research apparatus 
features a —100 to +100°C operating 
range. Interchangeable flow modules 
include gas-tight, micro-volume, cryobio- 
chemical and a T-jump unit with fast pre- 
mixing. 
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is suitable for all elements from uranium to 
fluorine, in concentrations ranging from 
100% to < 1 p.p.m. The system comprises a 
sequential spectrometer, PW 1730 X-ray 
generator, an operator terminal and a wide 
range of accessories. 
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IR-Fourier spectrometer 


THE Bruker model IFS 85 infrared-Fourier 
spectrometer features a completely re- 
designed optical bench with a high-energy 
throughput Michelson interferometer with 
laser controlled scanning mirror. The large 
sample compartment permits the use of 
standard IR accessories, and special facil- 
ities such as automatic sample changers 
with up to 32 positions are also available. 
The instrument is easily adaptable for GC- 
IR experiments. Integrated into the 
spectrometer is a powerful data system 
with 24-bit word length and 16-bit ADC for 
optimal data acquisition and manipu- 
lation. 
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Elemental analysis 


THE Leco XR-172 determines silicon, 
phosphorus and manganese by X-ray 
fluorescence. It is a direct reading, micro- 
processor controlled instrument and is self 
contained, requiring only external electric 
power. It features a two-position sample 
chamber allowing one sample to be loaded 
while the other is being analysed in the 
evacuated detection chamber. Analysis 
time is only 30 seconds. 
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Newsletter 


PLASMALINE, a quarterly newsletter for 
users of DC plasma emission spectro- 
meters, is now available from Techmation. 
Volume 2 part 2 includes papers which 
describe the analysis of coal for trace 
elements, and the determination of arsenic 
and selenium in a high salt nickel matrix. 
There is also information on the analysis of 
other complex matrices, such as geological 
and waste water samples. 
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Why buy two thermostats? 


COLORA does it all in one! 
Cryothermostats series WK. 


COLORA Cryothermostats series WK are compact laboratory instruments 
with compressor type refrigeration combined with a thermostat. 
Their outstanding features are: 
E heating and refrigeration e.g. up to + 150° C, down to — 30°C 
E temperature stability up to +0,01 K 
E temperature selection continuous and with fixed points 
E dual function as bath and circulation thermostat 
bath volume: max. 12 | 
circulation saro max. 18 l/min 


colora 


Your Partner in 
Research, Medicine 
and Pollution Control 


Phone: 7172/6041 
Telex: 7248886 
Cable: colora lorchwuertt 
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WHICH ONE 
IS YOURS? 


EMI covers the full range of photon counting 
applications with high quality photomultipliers such 
as the 9863, the most successful tube obits kind in 
the world. The 9863 is ideal for use with very low 
light levels. Small effective photo cathode with -1 
inch (2.5 mm) and :35 inch (9 mm) diameter options 
ensures a very low background count. Dynamic 
range is of the order of 10’. For diffuse light 

sources, the 9813 series of 2 inch (51 mm) tubes is 
also highly successful. Why are these EMI tubes so 
much more advanced than others which are 


claimed to be comparable? 49 -A 


Primarily because of the 


special electron optic 
design and one of the 
most highly customised 
production facilities 
anywhere in the world 
Please contact us. We 
will be happy to provide 
you with further details. 


ge Ene 


Curve shows typical single 
e/ectron response for EMI 
lube Type 9813. Most types 
used for photon counting 
can be supplied with 
individual curves which 
enable the single photo- 
electron level to be readily 
established for optimum 
signal/noise performance 


CA 


ESA pE EQUIVA 


EMI Electron Tubes Limited, 

Bury Street, Ruislip, Middlesex HA4 7TA, England 
Telephone: Ruislip 30771 Telex: 935261 EMIET G 
Cables: Emitube, Ruislip, Middx. England 


A Member of the THORN EMI Group 
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NEW LITERATURE 


Disposable centrifuge tubes. The Corning 
brochure on disposable plastic centrifuge 
tubes provides general chemical resistance 
and physical performance specifications 
and a rotor selection guide. Circle 118. 
Fluoride analysis. Techmation Ltd 
describe routine use of the Wescan Model 
260 ion analyser to detect fluoride in the 
presence of other halides, nitrite and 
nitrate. Circle 116. 


Microprobe 
THERMOMETER 


Lesion location by tem- 
perature difference is 
now possible. Model 
TH-6D has 1/100° 
resolution and spots 
minute differences nol 
previously measurable 
Range: —10t0+60°C +1/10°, 
Measures differences 
to 1/100°C 
Use with Bailey Microprobes, of course 


BAILEY INSTRUMENTS INC. 
Saddle Brook, N.J. 07662+(201) 845-7252 
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Macro Page 
PREPARATIVE ELECTROPHORESIS 
SYSTEM 









A complete automatic system for the 
separation of DNA fragments, PROTEINS 
and Electrophoretic Desorption from 

Affinity Matrices. 






THE SPIRELLA BUILDING 
SARIOGE ROAD, LETCHWO 
nE . $0848 T ENGLAND 
TELEPHONE 

LETCHWORTH (04626) 72097 


ATH 


1 Birchover 
instruments Ltd 
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DIRECTORY OF 90 U.S. 
BIOTECHNOLOGY COMPANIES 


this information-packed 


FREE with l-year 


subscription to Biotngineering News. 
Chiron, Xenogen, Phyllogenics, 


Synergen, Syngene, PTCL, AGRI, IPRI, 
and Armos are just few of the 
companies described in the 


directory. And BioEngineering News 
will keep your information up to 


dete--every two weeks--all year 
long! Rush your check for $295 ($317 
overseas) to: BioEngineering News, 
109 Minna Street, Suite 304, 
= Francisco, Calif., 94105. 


Medwire Corp. 
stocks a wide variety 


TEFLON’ 
COATED 


Platinum alloys, 
stainless steel, 
silver, multistrand 
and single strand 
available for prompt 
shipment. Write for 
descriptive brochure 
and price lists. 
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Medwire Corp. 
Affiliate ot Sigmund Cohn Corp 
123 So. Columbus Ave. 
Mt. Vernon, N.Y. 10553 
914-664-5300 

Reg. T.M. E. 1 Dupont 
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Fourier transform and IR 


THREE new FT/IR spectrometers are avail- 
able from Anaspec. The systems inlcude a 
new ultra-high resolution evacuated 
spectrometer capable of resolving 0.002 
wave numbers throughout, separate high- 
speed digital vector processor for 
providing the Fourier analysis, and 
separate evacuable compartments for 
source, sample area, and spectrometer. 
The second system is bench-top ‘low cost’ 
FT/IR spectrometer and the third is an 
ultra high resolution FT/IR spectral radio- 
meter, designed for use as an airborne 
analytical system for space research, 
atmospheric research, remote analysis of 
rocket or gas turbine exhaust plumes, or 
similar remote analysis techniques. 

Circle No. 124 on Reader Enquiry Card. 


















‘Phase-resolved’ option 


A NEW phase-resolved option for the SLM 
4800 spectrofluorometer provides a 
method for separating the different 
components in a mixture of fluorophores. 
When a sample is excited by sinusoidally 
modulated light, the fluorescence emission 
consists of the sum of the sinewave 
emissions from each fluorophore, all 
identical in frequency, but phase shifted by 
each of the components’ unique lifetimes. 
Through the use of phase-sensitive 
detectors, the phase-resolved option 
provides for resolution of two fluoro- 
phores differing in lifetime by only a few 
tenths of a nanosecond. An application 
brief describing this new technique is 
available. 
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LC detector 


CONTINUOUSLY variable wavelength 
selection and long lamp life are features of 
the ISCO model 1840. Wavelength 
selection from 190 to 625 nm often allows 
for detectability of a particular compound 
to be increased several hundredfold by 
selecting the wavelength of maximum 
absorbance, or at which interfering 
solvents or impurities do not absorb. 
Optional equipment includes a built-in 10 
cm recorder and a peak separator circuit 
which will control a fraction collector to 
put each absorbance peak into a separate 
tube. 
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Scanning spectrometer 


A RAPID (10-3 s) or slow (minutes) scanning 
spectrometer (RSS-C) has been developed 
by Harrick Scientific using only two basic 
optical components in the monochromator 
— a low intertia grating mounted on the 
shaft of a galvanometer and a spherical 
mirror. Although it is normally operated in 
the UV-visible-near IR region (around 200 to 
900 nm), the all reflective optics permit use 
of the instrument in the IR. The RSS-C is 





completely computer compatible. Scan 
width, rate, wavelength range and centre 
can be controlled from the front panel or 
via a computer. The RSS-C may be 
operated in either single or double-beam 
mode. Derivative spectra can also be 
recorded. Data read-out is via a recorder 
for slow scanning and either cathode ray 
oscilloscope or storage on tape with 
computer processing for fast scanning. 
Applications include study of kinetic 
reactions, spectroelectrochemistry, 
stopped flow, LC, GC and routine 
measurements. 

Circle No. 121 on Reader Enquiry Card. 


GC — mass spectrometer 
THE DX-300 is a new double focusing GC- 
MS with a microprocessor which enables 
the operator to program the temperature of 
the GC, the interface and the ion source. 
Optional data processing systems make 
maximum use of the data acquired for the 
production of mass spectra and mass frag- 
mentograms. A retarding field ion source 
provides high ion extraction efficiency, 
particularly for high mass fragments. Octa- 
poles are fitted between the electric and 
magnetic sectors to improve focusing 
properties of the ion optics. 

Circle No. 120 on Reader Enquiry Card. 


Batch sampler 


THe Varian/Cary batch sampler acces- 
sory, which allows direct, unattended 
sample conveyance into a Varian/Cary 210 
or 219 spectrophotometer is described in a 
new brochure. Each sample is automati- 
cally transferred, measured, recorded, and 
removed from the instrument in sequence. 
A record of absorbance, transmittance or 
concentration is provided as a function of 
sample or fraction number. 

Circle No.119 on Reader Enquiry Card. 
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THE ROWETT RESEARCH 
INSTITUTE 
Bucksburn, Aberdeen AB2 9SB 


CYTOLOGIST 


Applications are invited for a post in 
the Department of Experimental 
Pathology. A broad interest is 
required in the application of mor- 
phological techniques to the study of 
cell biology and the appointee must 
be prepared to work in a supporting 
capacity within a research team. 
Much of the work of the department 
is concerned with the interrelation- 
ship between biochemical parameters 
and cytological findings. 


Candidates should have an 
honours degree in zoology or its 
equivalent. 


Appointment in the grade of 
Scientific Officer (£5,176 to £6,964) 
according to qualifications and 
experience. Non-contributory 
pension scheme. 


Apply in writing to the Secretary of 
the Institute with full curriculum 
vitae and naming two referees. 
Further particulars are available. 
Closing date 30 September. (9537)A 





THE UNIVERSITY OF 
NEW SOUTH WALES 
Sydney, Australia 
SCHOOL OF PHYSICS 
LECTURER 


Applicants should possess a PhD or 
equivalent research experience in a 
field relevant to the research activities 
of the School. Previous teaching 
experience at University level 
desirable. Preference will be given to 
applicants with interest and expertise 
in the use of micro-computers for the 
control of experiments and data 
collection. 


Appointment which is tenable in 
February 1982 will be either for a 
fixed term of three years or under cer- 
tain circumstances on the basis of a 
coniract containing provision for 
conversion to tenure. 


Salary: $A19,821 range $A26,037. 
Commencing salary according to 
qualifications and experience. 


Applications close 9 October 1981. 


- Fall information about conditions 
of employment and method of appli- 
cation obtainable from the 
Association of Commonwealth 
Universities (Appts), 36 Gordon 
Square, London WC1H OPF.(9344)A 


mennen inn an pA NRC IU ASV 


YALE UNIVERSITY 
DEPARTMENT OF GEOLOGY 
AND GEOPHYSICS 


Applications are solicited for a 
facuity position in solid earth 
geophysics to begin in the academic 
year 1982-83. Areas of interest to the 
Department include seismology, ex- 
ploration geophysics, mechanical 
and physical properties of rocks and 
minerals, geomagnetism, and tec- 
tonophysics. 


Yale University is an equal oppor- 
tunity/affirmative action employer 
and encourages women and members 
of minority groups to compete for 
this position. 


Curriculum vitae, publications and 
the names of three or more referees 
should be sent by 3] December 1981 
to Robert B Gordon, Chairman, 
Deparment of Geology and Geophy- 
sics, PO Box 6666, New Haven CT 
06511. (NW846)A 





UNIVERSITY OF 
EDINBURGH 


DEPARTMENT OF 
HUMAN GENETICS 


POST-DOCTORAL 
RESEARCH FELLOW 


Applications are invited for a 
research fellowship to work on the 
basic biochemistry and molecular 
pathology of cystic fibrosis of the 
pancreas. Candidates should have 
experience in protein biochemistry 
and/or immunochemistry. Starting 
salary will be at an appropriate point 
on research range 1A: £6,070 — 
£10,575 per annum. 


Curriculum vitae should be sent as 
soon as possible to Dr D J H Brock, 
Department of Human Genetics, 
Western General Hospital, Edin- 
burgh EH4, from whom further 
particulars can be obtained (031-332 
2471). Please quote reference 5055. 

(9565)A 








WESSEX REGIONAL __ 
HEALTH AUTHORITY 
Salisbury Health District 

TWO BASIC GRADE 
CYTOGENETICISTS 
REQUIRED ASE 

Applicants should have a good 

Honours Degree in Genetics, or 

relevant Biological subjects. 

Experience in diagnostic cytogenetics 

will be an advantage but not essential. 

Salary: Probationary period 
£4,839 to £6,363. Post Probationary 
period £5,553 to £7,110. Les 
Further details from Dr M 
Seabright. Bren 


Application forms available from 
the Personnel Officer, Odstock. 
Hospital, Salisbury, Wiltshire SP2 
8BJ. ee 

Closing date for receipt of coni- 
pleted applications: 2nd October. 
1981. S3HA 





Genetics 


Fermentation Development 


Worthing 


The Fermentation Development Department is 
concerned with improving the efficiencies of 
fermentation processes involved in the pro- 
duction of antibiotics and related metabolites. 
Improving the productivity of the micro- 
organism is an important aspect of this activity 
requiring the application of a wide range of 
modern genetical techniques including recom- 
binant DNA technology. 


A microbial geneticist/recombinant DNA 
technologist is required to join an expanding 
team working on strain improvement. The 
successful applicant will not only have post- 
graduate experience in recombinant DNA 
techniques, but must be able to participate 





Beecham 
g Pharmaceuticals 


actively in all aspects of strain improvement, 


The Beecham Group offers excellent conditions 
of service including a non-contributory pension 
and life assurance scheme. 


Worthing is situated in a pleasant area by the 


sea with easy access to the surrounding | 


countryside. Assistance with relocation 


expenses will be given where appropriate. 





Please write or telephone for an ae 


application form to: A.D. Caws, Section | 





Head, Personnel Department, Beecham | __ 


Pharmaceuticals, Clarendon Road, | — 


Worthing, West Sussex BN14 BON. 
Telephone Worthing 39900 ext 233. 





















© Celltech is a new British company, backed by 


|> both Government and City financial institutions, 


which is dedicated to the exploitation of 

discoveries in the fields of Genetics and 
Biotechnology. Celltech is currently situated in 
Siough but will probably transfer to a new 
permanent location at a later date. 


_- Applicants are currently sought for the following 
positions: 


PhD or Graduate Scientist, 


1 Protein Biochemistry (Ref: 113) 


A position is available in the Department of 


=: Molecular Biology to work on the purification 


and characterisation of microbially-produced 
protein products. Candidates should either 
possess a recent PhD in Biochemistry or have a 


-first degree in Biochemistry and some post- 


graduate experience in the use of modern 
analytical and separation techniques for 


proteins. 











Geophysicists 


Senior Post-Doctoral 
Scientists (Ref: 114) 


Positions are available in the Department of 
Microbial Genetics for post-doctoral workers, 
preferably with several years post-doctoral 
experience in bacterial and/or phage genetics. 


Microbial Genetics 
Technicians (Ref: 115) 


Positions are available in the Department of 
Microbial Genetics for technicians with a 
knowledge of routine bacteriological techniques 
and direct practical experience of microbial 
genetics. l 


Applicants should apply {stating reference no) 
with full CV and names of three referees to: 
The Personnel Department, Celltech Limited, 
250 Bath Road, Slough, Berkshire SL1 4DY 
(9557) A 





The National Coa! Board require geophysicists for their operations in the 
rapidly developing field of coal mining geophysics. The adaption of geo- 
physical methods, particularly high-resolution seismic reflection, presents 
challenging problems in the development of new and existing mines. 


Applicants with at least an honours degree in a relevant discipline must have 
experience, understanding and proven ability in modern seismic data acqui- 


sition and processing. They will be i 


major projects. 


nvolved in interpretation and reporting for 


The successful applicants will be based near Doncaster. Salary will be com- 
mensurate with experience and qualifications and is supported by excellent 


conditions of employment. 


Please write or telephone for an application form to: 


Headquarters Staff Manager, 
National Coal Board, Coal House, Doncaster DN1 3HD. 


Tel: Doncaster 66611, ext. 36121. 











(9534)A 
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SSISTANT 


ASSISTANT 
SSORSHIPS IN 


PHARMACOLOGY 

The Department of Pharmacology at 
the University of Rochester School of 
Medicine and Dentistry invites 
applications for three faculty 
positions at the rank of Assistant 
Professor. Applicants should have a 
PhD in Pharmacology, and MD, or 
both, postdoctoral research training, 
the potential to attract research 
support and to establish an inde- 
pendent research program, and an 
interest in professional and graduate 
education. Research interest and 
competence in the general area of 
biochemical pharmacology is 
desired. 


Please forward a curriculum vitae, 
a list of publications, three letters of 
reference, and asummary of research 
interests to: Dr M W Anders, Depart- 
ment of Pharmacology, School of 
Medicine and Dentistry, University 
of Rochester, 601 Elmwood Avenue, 
Rochester, NY 14642. 


An Equal Opportunity Employer 
(M/P). (NW889)A 





PLANT BREEDING 
INSTITUTE 
Maris Lane, Trumpington 
Cambridge CB2 2LQ 
CEREALS DEPARTMENT 


SCIENTIFIC OFFICER 


A Scientific Officer is required to join 
the winter wheat breeding team. The 
principal responsibility of the person 
appointed will be to supervise the 
planning and handling of the early 
generation winter wheat breeding 
material. 


This will involve organisation of 
the pedigree material for sowing, 
followed by assessment throughout 
its life cycle, including harvesting, 
threshing and laboratory selection 
for grain quality. For this purpose a 
sound knowledge of wheat 
husbandry and breeding objectives is 
required. 


It is expected that the person 
appointed will take a special interest 
in testing the material for disease 
resistance. This will include glass- 
house tests for seedling reaction to 
physiologic races of yellow rust, the 
multiplication of inoculum, and the 
establishment of artificial disease 
epiphytotics in the field. 


The post also carries responsibility 
for the supervision of the crossing 
programme during the winter months 
in glasshouses with supplementary 
lighting. 

Candidates should hold a degree in 
Agricultural Botany or HNC with 
relevant experience. Experience in 
experimental work with field crops is 
desirable. 


Salary will be on a scale rising from 
£5,176 pa to £6,964 pa. Non-contri- 
butory pension scheme. 


Applications with curriculum vitae 
and names and addresses of three 
referees should be submitted to the 
Establishment Officer not later than 
16th October 1981. 


Please quote reference CER/120. 
(9549)A 








UNIVERSITY 
OF EXETER 
DEPARTMENT OF 
PHYSICS 
POST-DOCTORAL 
RESEARCH ASSISTANT 
. Applications are invited from 
suitably qualified candidates to take 
part in a research programme to 
investigate methods of studying air 
- layers surrounding grinding wheels 
rotating at high speeds. It has been 
recognised that real progress in 
grinding techniques will only result 
from a basic understanding of the 
aerodynamics of the atmosphere 
surrounding the wheel. The research 
programme, which is funded by 
SERC, is initially for one year. Salary 
within the range £6,070 to £6,880 pa, 
placement depending on age and 
experience. 


Applications including a 
curriculum vitae and names of two 
referees should be sent to the 
Personnel Office (Appointments), 
University of Exeter, Exeter, Devon 
by 1 October 1981. Please quote 
reference No 7176. (9540)A 





THE AUSTRALIAN 
NATIONAL UNIVERSITY 


THE CENTRE FOR RESOURCE AND 
ENVIRONMENTAL STUDIES 


PROFESSOR OR 
PROFESSORIAL FELLOW 


Following the resignation of Dr P C 

-Young to take up a senior appoint- 
ment in the United Kingdom, a 
person of h igh academic standing is 
-< sought for appointment to the Centre 
for Resource and Environmental 
Studies. The person appointed will be 
distinguished in a field of science or 
engineering and will have made use of 
systems analysis and/or computa- 
tional techniques. Experience is 
required in the application of 
research to resource and environ- 
mental problems such as those likely 
to be of social significance in 
Australia’s development. It is impor- 
tant that the person appointed should 
be prepared to collaborate and foster 
collaboration, wherever feasible, 
with other staff in the Centre, 
including those differing widely in 
background and approach. 


Closing date: 30 October 1981. 


Salary will be in accordance with 
qualifications and experience within 
the ranges: Professor, not less than 
-:$A41,509 pa; Professorial Fellow 
-$A38,562 pa. Present exchange rates 
are: $A1 = UK 61NP. 


-. Appointment will be immediately 
to retiring age. Reasonable travel 
expenses are paid and assistance with 
housing is given for an appointee 
from outside Canberra. Superannu- 
ation benefits are available for 
applicants eligible to contribute. The 
University reserves the right not to 
make an appointment or to make an 
appointment by invitation at any 
time. 

Prospective applicants should 
obtain the further particulars from 
“the Registrar, PO Box 4, Canberra 
ACT 2600, Australia, or from the 
: Association of Commonwealth Uni- 
“versities (Appts.), 36 Gordon Square, 
-Eondon WCIH OPF, before sub- 
-mitting applications. (9568)A 
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Cereals and Brev 
Research 


High technology permanent or 3-year contract posts 
overseas for goal- orientated researchers. 





The primary task of the Pretoria-based 
National Food Research Institute (an integral 
part of the CSIR) is to promote the effective 
utilisation of South Africa’s food resources. 
Our activities include both fundamental and 
applied research of international standard into 
aspects of food composition, utilisation, 
preservation, packing, storage as well as 
product process and development. 


We currently seek those of you who, for 


maximum job satisfaction, need a high degree 


of operational, autonomy together with a gen- 
erous remuneration package and sustained 
career prospects. Appointments are available 
on either a permanent or 3-year contract 


(renewable) basis and findings may be used as 


bases for Masters’ or Doctoral dissertations. 





CEREALS 
Biochemists 


Existing teams are working on the cereal, 


sorghum, as a grain and a malt for the brewing 


of ‘African’ beer. We now want a Biochemist 
to ascertain the nutritional and biochemical 
characteristics of various sorghum grain 
varieties prepared in different ways as human 
foodstuffs. This is essentially pioneering work 
involving both biochemical and technological 
aspects. 

We also need a Biochemist to join a team 
in the field of cereal biochemistry with the 
emphasis on the proteins and proteinases of 
sorghum grain and malt. Enzyme assays, 
protein determinations and the monitoring of 
the biochemicail/structural modifications that 
occur in sorghum grain when germinated are 
among the tasks involved. 


Both Biochemists will need at least a BSc 
(Hons) plus, ideally, experience in cereal 
research. 


Research Assistants 


To be involved in cereal biochemistry 
laboratory research and statistical analysis 
within the Sorghum Beer Unit, you will need 
at least a BSc in Chemistry, Biochemistry or 
Agriculture plus experience in one or more of 
the following: enzyme biochemistry, plant 
physiology and statistical analysis. 


Additionally we seek a BSc graduate (or 
equivalent) to assist in the development of 
nutritious cereal foodstuffs. 


Electron Microscopist 
To join a team working on the structural 
and physiological/biochemical functions of 









the cereal grain, sorghum. So, in addition 

to being trained and qualified in electron 
microscopy (up to PhD level), you should 
possess some experience in Botany and/or 
Plant Biochemistry. 


BREWING 


Brewing Engineer/Technologist 

Beer brewed with the cereal, sorghum, is ope 
the traditional alcoholic beverage of southern | 
Africa's black peoples. It is different forn at 
barley beer in that it is not hopped: contains 
significant amounts of particulate material: 
is more acidic and sold in an active 
fermentation state. 

The Brewing Technology Division within 
our Sorghum Beer Unit seeks an Engineer; | | 
Technologist to be involved in all the Divisions = 
activities including brewing processes and : 
plant R& D; trouble-shooting throughout the 
industry; the development of new packaging 
forms/systems, lecturing and the training of 
professional brewery staff - all necessitating Eo 
a considerable amount of travel. So you should 
possess a recognised formal qualification in 
the engineering aspects of brewing together 
with sound relevant post-training experience =o 
and fluency in English, both verbal and written. | _ 





All salaries are negotiable and these willbe | 
augmented by South Africa's high standard of | 
living at relatively low cost and the following 
benefits: @ free air passages (return for 
contract appointees) @ assistance with 
removal costs @ settling-in allowance 

@ generous house purchase scheme, where 
applicable @ annual bonus (13th cheque) 

@ medical aid, pension/life assurance 
schemes @ outstanding schooling, sports 
and recreational facilities, etc. 





Chichester House, 278 High Holborn, 





int 





The CSIA was established to develop 
the Republic's research-oriented 
manpower, material resources and 
national community services through 
4.500 personnel employed at 19 research | 
laboratories and instiutes nationwide. 
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Applications are invited for the following appointments in the Faculty of Medicine: 





University of Kuwait — Faculty of Medicine 
MEDICAL SCIENCE AND CLINICAL APPOINTMENTS 


ANATOMY: Assistant Professor in neuroanatomy. Candidates should have teaching and research experience in anatomy and neuroanatomy. 
a -Assistant Professor in histology. Candidates should have teaching and research experience in anatomy and histology. A thorough knowledge of 
ultrastructure and cell biology is essential. Assistant Professor in human development (embryology). Candidates should have teaching experience in 


anatomy and embryology and research experience in experimental embryology or genetics. Preference for the above posts will be given to suitable, 
medically qualified candidates. The successful candidates will be expected to teach medical, dental, allied health and graduate students. 


(MEDICINE: Assistant or Associate Professor with an interest in respiratory medicine. Assistant or Associate Professor in dermatology. Assistant or 


2 Associate Professor with an interest in endocrinology. Associate Professor in primary care. 


MICROBIOLOGY: Assistant Professor in bacteriology (2 posts). Assistant Professor in virology. Assistant Professor in clinical microbiology. 


-=o Preference for the above posts will be given to suitable, medically qualified candidates. 
| PAEDIATRICS: Assistant or Associate Professor in neonatal paediatrics. 


PATHOLOGY: Associate Professor in histopathology. Associate Professor in clinical haematology. Associate Professor in clinical chemistry. 


_ PHYSIOLOGY: Assistant or Associate Professor, or Professor {2 posts). 


SURGERY: Associate Professor in thoracic surgery. Associate Professor in plastic and reconstructive surgery. Associate Professor or Professor in 


| © traumatology. Associate Professor in ENT surgery. Associate professor in paediatric surgery. Associate Professor in neurosurgery. 
Candidates for surgical posts should have at least 5 years’ clinical and teaching experience in their respective specialities. 
REQUIREMENTS FOR APPOINTMENT: Applicants shouid possess a PhD, or higher professional medical qualification in their respective 


B speciality, and have conducted and published research in their field. Professors should have 14 years’ experience, 4 as an associate professor or its 
equivalent, i.e. senior lecturer or reader. Associate professors should have 9 years’ experience, 4 as an assistant professor or its equivalent, i.e. 


< Jecturer. 


CONDITIONS OF APPOINTMENT: Salaries: Total monthly salaries will be within the following scales according to qualifications and experience (1 
KD =£1,8, US$3.5 approx.). Professors with clinical appointment: KD 1,190 — 1,350 (8 increments). Professors medically qualified with medical 
science appointments: KD 1,120 — 1,280 (8 increments). Professors non-medically qualified: KD 1,050 — 1,210(8 increments). Associate Professors 
with clinical appointments: KD 969 — 1,129 (8 increments). Associate Professors medically qualified with medical science appointments: KD 912 — 
1,072 (8 increments). Associate Professors non-medically qualified: KD 855 — 1,015 (8 increments). Assistant Professors with clinical appointments: 
KD 748 — 908 (8 increments). Assistant Professors medically qualified with medical science appointments: KD 704 — 864 (8 increments). Assistant 


Professors non-medically qualified: KD 660 — 820 (8 increments). 


Clinical supplements: In addition to the above University salaries there will be a monthly clinical supplement paid by the Ministry of Public health for ten 
months’ a year to medical schoo! staff with clinical service commitments. These are: Professor and Chairman — KD 250: Professor — KD 200; 


Associate Professor - KD 150; Assistant Professor — KD 100. 


Gratuity: There is a gratuity of one month's basic salary for each year employed payable on termination of contract. Housing: Suitably furnished, air- 
conditioned accommodation, electricity and water are provided free of charge. Medical care; Free, comprehensive treatment is available in Kuwait 


spouse and up to 3 dependent 


children under 20 years. Thereafter, return air tickets are issued annually to the country of citizenship or permanent residence. On termination of 
contract, air tickets are provided to the country of recruitment. A baggage and freight allowance is also provided. In addition, travel expenses for 
attending one scientific meeting a year are paid by the University. Vacation: Sixty days paid annual leave and various national holidays. Education: This 
is provided free in state schools where the instruction is in Arabic. Staff who have to send their children to non-Arabic schools in Kuwait will have the 


-METHOD OF APPLICATION: 


Curriculum vitae in duplicate, which should include the names of three referees, personal particulars, qualifications with dates, career history, teaching 
experience, research accomplishments and, where appropriate, clinical experience should be sent to the Dean, Faculty of Medicine, University of 


Kuwait, P.O. Box 24923 Safat, Kuwait to arrive no later than 31st October 1987. 


PRINCETON UNIVERSITY 
YOU’VE GOT A eset OF 
OLOG 
BRIGHT IDEA POSTGRADUATE 
RESEARCH 


NIH postdoctoral training grant 
positions for recent PhD’s in the 
areas of biochemical and genetic 
aspects of cell differentiation 
(Doctors T Cline, E Cox, A Newton, 
P Schedl, and E Wieschaus), cell 
biology and development (Doctors J 
Bonner, E Luna and M Steinberg), 
and behavioral and population 
genetics (Doctors J Gould, 
J Hoogland, R May, W Quinn and 
D Ready) are available. Candidate 
must be US citizen, US national, or 
permanent resident and must have 
PhD degree at time of appointment. 


Applications should include 
curriculum vitae, references, and 
summary of research interest. Appli- 
cation closing date: October 31, 
1981. inquiries or applications 
should be sent to: Dr E C Cox, 
Chairman, Department of Biology, 
Princeton University, Princeton, 
New Jersey 08544. 


Princeton University is an Equal 
Opportunity/Affirmative Action 
Employer. (NW897)A 


FOR NEW BIOLOGICAL OR 
CHEMICAL COMPOUNDS 


WE HAVE THE CAPITAL 
TO DEVELOP NEW DRUGS 


$ Weare nota pharmaceutical firm but a Swiss-based, independant 
<E financial group which is prepared to let you participate in a capital 

= venture for the exploitation of your project. 
Our object: the development of new biological or chemical products 
with previous pharmalogical screening up to the stage of clinical 
tolerance and efficacy required to permit licensing negociations. 


i 


To obtain all the information required for initial selection, 
-please write in English, French or German to: 
- DEBIOPHARM S.A. Petit-Chane 38 - 1001 LAUSANNE 


{Switzerland}. (W368)A 
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THE UNIVERSITY 
OF CALIFORNIA 


INSECT TOXICOLOGIST 


Tenure track position for an insect 
toxicologist with specialization in the 
mode of action and comparative 
metabolism of chemicals in pest and 
non-target species. Available after 
March I, 1982. A PhD or equivalent 
degree, with research training in toxi- 
cology and biochemistry/ physiology 
is required. Appointment at the 
Assistant Professor level. ll-mo 
position ca 90% research, 10% 
teaching. Activities include develop- 
ment of research program, super- 
vision of graduate students, and 
course instruction. 


Submit curriculum vitae, trans- 
scipts of all university work, reprints, 
and names and addresses of four 
referees to the Chairman, Search 
Committee, Division of Toxicology 
and Physiology, Department of 
Entomology, University of 
California, Riverside CA 92521. 


Applications accepted unti 
December 15, 1981 or until a suitable 
candidate is selected. The University 
of California is an equal oppor 
tunity/affirmative action employer. 

| (NW898)A 


Nature Vol. 293 17 September 1981 


senior Toxicologist 


The Pharmaceuticals Division of ICI has an 
opportunity for a toxicologist, male or female, with 
several years experience in the design and 
scientific management of toxicological studies. 
As one of two senior toxicologists you will be 
responsible to a Section Manager, for the 
management of a group of general toxicologists 


and their work, and will have responsibility for 
running more complex studies within the group- 
taking a lead role in advising and assisting more 
junior staff on all aspects of toxicology. 


Applicants must have a relevant Honours degree- 
a postgraduate qualification would be an 
advantage—and be able to demonstrate the 
necessary scientific and management qualities 
for the position. You should therefore be familiar 
with all aspects of toxicology e.g. haematology, 
clinical chemistry, pharmacokinetics, 
metabolism, applied physiology, pharmacology 
etc., and be able to interact with the wide range of 
experts in these fields. You will be responsible for 


UNIVERSITY 
OF REGINA 


DEPARTMENT OF 
GEOLOGY 


ASSISTANT PROFESSOR 


6 month term from January 1, 1982, 
with possibility of 12-month renewal. 
PhD in sedimentary or economic 
geology preferred. 


Salary range (at present under 
negotiation) $20,448 to $29,655 
Canadian on annual basis. 


Curriculum vitae, telephone 
number, and names of three referees 
to Dr W A Gordon, Head, 
Department of Geology, University 
of Regina, Regina, Saskatchewan, 
Canada S4S 042. (NW880)A 





UNIVERSITY OF 
QUEENSLAND 
Australia 


LECTURER IN 

BIOCHEMISTRY 
Higher degree in Biochemistry and a 
strong commitment to both teaching 
and research. Applicants should 
indicate their specific research 
interests. Preference may be given to 
applicants whose research intersts lie 
in the areas of molecular biology or 
membrane biochemistry. 19 October 
1981. 


Salary: $19,821 — $26,037 per 
annum. 


Additional information and appli- 
cation forms are obtainable from the 
Association of Commonwealth Uni- 
versities (Appts.), 36 Gordon Square, 
London WC1H OPF. (9567)A 





THE UNIVERSITY 
OF BIRMINGHAM 
Faculty of Medicine and 
Dentistry 


DEPARTMENT OF 
IMMUNOLOGY 


A RESEARCH ASSOCIATE 1B 


is required to work on a project 
lasting until 30th September 1983 
centred on study of the specificity and 
reaction characteristics of mono- 
clonal antibodies to human immuno- 
globulins. Applications of 
monoclonal antibodies to clinical 
research are being developed in 
difference turbidity and nephelo- 
metric systems based on the use of a 
centrifugal analyser. This instrument 
has a sophisticated data handling 
system requiring some knowledge of 
computing. The person appointed 
will be expected to make a direct con- 
tribution to these developments. 


New approaches are being 
developed for determining antibody 
specificity. Final characterisation 
will require peptide purification by 
high pressure liquid chromatography 
followed by amino acid composition 
and sequence analysis. 


Salary on scale Research Associate 
IB £5,285 to £7,700 (maximum 
Starting £6,070) with super- 
annuation. 


Application (three copies) to 
Assistant Registrar, The Medical 
School, Birmingham B15 2TJ, by 
2nd October 1981. Quote Ref 
RA/Imm/581. (9562)A 








the quality of the laboratory work and the reports 
produced from the group. 


The Division is very attractively situated in rural 
North Cheshire within easy reach of a wide range 
of housing and main road and rail routes. 
Conditions of service and assistance given to 
married persons in moving house are designed to 
attract and retain staff of high calibre. 


Please write giving details of qualifications and 
experience requesting an application form to:- 


Mr MF Losse, 

Personnel Officer, 

Imperial Chemical Industries PLC, 
Pharmaceuticals Division, 
Mereside, 

Alderley Park, 

Macclesfield, 

Cheshire SK10 4TG 





(9552)A 





MOLECULAR BIOLOGY 


The Microbiology Department at Case Western Reserve University 
invites applications for several tenure-track faculty positions. We 
encourage applications from candidates with strong credentials in 
Molecular Biology, especially in areas relating to the regulation of gene 
expression. Experience in recombinant DNA techniques is desirable. 
These appointments provide excellent opportunities to develop 
independent research and teaching programs in an expanding medical 
school department. Send curriculum vitae, a statement of research and 
teaching interests and the names of four references to Dr Fritz 
Rottman, Chairman, Department of Microbiology, Case Western 
Reserve University, Cleveland, Ohio 44106. An Equal 
Opportunity/ Affirmative Action Employer. (NW841)A 


UNIVERSITY OF KONSTANZ 
At the Faculty of Biology the position of a 


C-3 Professor 


(Roughly equivalent to Associate Professor) of 
POPULATION ECOLOGY 


is opening. One of the following disciplines would be preferred: 
Population dynamics, population genetics, or parasitology. In research 
a combination of experimental with theoretical approaches would be 
desirable. At Konstanz the following ecological disciplines are 
established at present: Plant pathology, Limnology (Production 
biology, microbial ecology, and stream ecology). 

The teaching obligation will include the fundamentals of general 
ecology. Applications from non-German speaking countries are 
encourged. Initially, teaching in English will be possible. 

Please direct applications including curriculum vitae, list of 
publications, description of teaching experience, and outline of 
future research plans to: 

Fakultät für Biologie der Universität Konstanz, Postfach 5560, 
D-7750 Konstanz, West Germany. 


Deadline of applications: November 30, 1981. (W428)A 


xlii 
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PATHOLOGISTS 





The reputation of ICI in the innovation and success of 
their pharmaceutical products is the result of 
continuing effort and investment being put into the 
investigation of basic mechanisms of a wide range of 
medical and veterinary diseases. 


In addition to the search for new drugs a major effort by 
Safety of Medicines Department is directed to the 
evaluation, at the pre-clinical stage of research 
compounds, and to the establishment of reliable safety 
standards—with considerable scientific involvement 


by pathologists. 


Due to increasing commitment to research 
programmes greater demands will be placed on the 
Pathology Section’s manpower resources. We wish, 
therefore, to recruit additional men or women to join a 
team of pathologists concerned in the safety evaluation 


of new drugs. 


Minimum qualification required is graduation in 


CORNELL UNIVERSITY 


POSTDOCTORAL POSITION 


available immediately in Rhizobium- 
and-Plant Cell Molecular Genetics 
and in Physiology/Biochemistry of 
Rhizobium-Legume Interaction. 


Please send curriculm vitae and 
three letters of reference to: Dr 
Aladar A Szalay (Molecular 
Genetics) and Dr Allan R J 
Eaglesham (Physiology/ 
Biochemistry), Boyce Thompson 
Institute, Cornell University, Tower 


Road, Ithaca, New York 14853, 
USA. Equal Opportunity/ 
Affirmative Action. (NW882)A 





IMPERIAL CANCER 
RESEARCH FUND 


Technician/ 


Research Officer 
required to join a new project in the 
field of drug targeting and to be 
responsible for the covalent linkage 
of antibodies and other macro- 
molecular carrier molecules to 
cytotoxic drugs or to bacterial and 
plant toxins and also for the 
physiochemical analysis of the 
conjugated molecules. 


HNC/degree in biochemistry, 
organic chemistry or a related 
subject, experience of chroma- 
tographic procedures for the puri- 
fication and analysis of proteins 
would be an advantage. Salary 
range £5,918 to £8,296 including 
London Weighting. For further 
information and applics-ion form 
write or telephone Miss SM 
Hurley, Imperial Cancer Research 
Fund, Lincoln's Inn Fields, WC2 on 
01-242 0200 ext 305 quoting 
reference 143/81. (9546) A 































POSTDOCTORAL 
RESEARCH ASSOCIATE 


Two openings are immediately avail- 
able in the laboratory of Dr Eliahu 
Caspi at the Worcester Foundation to 
work on biosynthesis of polyprenoids 
and hormones. 


Please submit résumé and three 
letters of reference to; Dr Eliahu 
Caspi, c/o Personnel Office, 
Worcester Foundation for Expe- 
rimental Biology, 222 Maple Avenue, 
Shrewsbury, MA 01545. 


An Equal Opportunity/Affirma- 
time Action Employer. (NW892)A 





UNIVERSITY OF 
BIRMINGHAM 


DEPARTMENT OF 
GEOLOGICAL SCIENCES 


LECTURESHIP IN 
GEOPHYSICS 


Applications invited for this post 
from candidates with good academic 
background in seismology or seismic 
prospecting. Teaching will be mainly 
at postgraduate level and successful 
applicant expected to undertake 
research in a seismological field. 


The post is tenable immediately. 


Salary according to age, qualifica- 
tions and experience on the Lecturer 
scale £6,070 — £12,860 plus super- 
annuation. 


Further particulars from Assistant 
Registrar (Sci. & Eng.), PO Box 363, 
Birmingham B15 2TT, to whom ap- 
plications (3 copies) including full 
curriculum vitae and naming three 
referees should be sent by Friday 16 
October 1981. 


Please quote ref: NG6(r). (9560)A 


medicine or veterinary medicine. While experience in 
animal pathology is desirable, those withoutimmediate 
experience will be offered suitable training and 
encouraged to progress to higher qualifications. 


ICI Pharmaceuticals Division is pleasantly situated in 
Cheshire and conditions of service, salary, annua! 
leave, fringe benefits and assistance with relocation 
are designed to attract and retain staff of high calibre. 


Please write giving details of qualifications and 


experience to:— 
Mr MF Losse, Personnel Officer, 
imperial Chemical Industries PLC, 
Pharmaceuticals Division, 
Mereside, Alderley Park, 
Macclesfield, Cheshire SK10 4TG. 
(9551)A 
UNIVERSITY OF GLASSHOUSE CROPS 
WISCONSIN-MADISON RESEARCH INSTITUTE 
MICROBIAL ECOLOGY PHYSIOLOGY & CHEMISTRY 
RESEARCH ASSOCIATE DIVISION 
(Postdoctoral) Applications are invited for the post 
position in population dynamics of of 
phylloplane microbial antagonists to PLANT BIOCHEMIST 


a foliar plant pathogen. Experience 
in plant pathology, microbial 
ecology, microbiology or mycology 
desirable. Funding for at least 16 
months. Salary commensurate with 
qualifications. 


Send résumé, transcripts and three 
letters of recommendation to: Dr J H 
Andrews, Department of Plant 
Pathology, 1630 Linden Drive, 
University of Wisconsin-Madison 
§3706. An affirmative action/equal 
opportunity employer. (NW891)A 





UNIVERSITY OF LONDON 
GOLDSMITHS’ COLLEGE 
LECTURER IN BIOLOGICAL 
SCIENCES 


Applications are invited for the post 
of Lecturer in Biological Sciences 
which is currently available. 
Applicants should have an interest in, 
or be carrying out some aspect of 
research into, the evolution, morpho- 
logy and/or reproduction of vascular 
plants. 


Salary on scale £7,221x12 in- 
crements to £12,087 per annum 
inclusive of London Allowance. 


Write for further particulars to the 
Personnel Officer, University of 
London Goldsmiths’ College, New 
Cross, London SE14 6NW. Closing 
date for applications 2nd October 
1981. (9553)A 


to develop a programme of research 
concerned with properties and 
function of proteins at membrane 
sites and to collaborate with other 
groups concerned with physiological 
processes in which membrane 
function is important. These pro- 
cesses include transport of substances 
across membranes, assimilate par- 
titioning, senescence, photosynthe- 
sis, and photoreceptor function in 
photomorphogenesis and photo- 
periodism. 


The post is designated Higher 
Scientific Officer/Senior Scientific 
Officer (Band 1) and is suitable for a 
person with experience in the study of 
membrane proteins. Qualifications: 
First or Upper Second Class Honours 
degree in Biochemistry or Chemistry 
with 2 years post-graduate experience 
required for HSO grade and 4 years 
for SSO grade. Salary within scale 
£6,530 to £8,589 (HSO) or £8,209 to 
£10,322 (SSO) according to quali- 
fications and experience. Non-con- 
tributory superannuation scheme. 
Annual leave 22 days rising to 30 
days. 


Application forms and further 
details from Administrative 
Assistant, Glasshouse Crops 
Research Institute, Worthing Road, 
Rustington, Littlehampton, West 
Sussex BN16 3PU. Closing date for 
applications 25 September, 1981. 

(9538)A 
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| ® | "T d 
Parke Davis Research Unit 
Parke Davis & Co. Ltd. is setting up a unique research unit to be located near a major British university. 


The unit will work in one or two related therapeutic areas and its purpose will be to carry out high quality 
biological and chemical research leading to the identification of new potential therapeutic agents. 


Two outstanding scientists are needed: 
Head, 


The Director 
Chemical Research 


will be responsible for the total staff of 25-30 Chemists, 
Biochemists and Pharmacologists and will liaise closely 

will also be the deputy director of the unit and will have: 
* A PhD in Organic Chemistry and some 5 to 10 years 


with the Company’s main research laboratories in Ann 
experience. 


Arbor, Michigan. 
* A sound knowledge of medicinal chemistry, probably 


The successful applicant will have: 
* A PhD in Pharmacology, Biochemistry or a related 

(but not necessarily) including experience in the iE 

pharmaceutical industry. ig 


discipline. 
* An outstanding record of achievement coupled with : | , 
: 





with a broad knowledge of pharmacology and 
biochemistry in relation to drug discovery. 

* An outstanding record of achievement coupled with 
leadership and management skills. 


* An extensive knowledge of a particular field coupled 
leadership and management skills. 


Successful candidates will be encouraged to obtain adjunct appointments with the host 
University. Salaries will be highly competitive and fully supported by generous benefits. 
Applicants should apply initially to the Personnel Director, Warner Lambert (UR) Limited 
(Parke Davis and Co. Ltd.), Chestnut Avenue, Eastleigh, Hampshire S05 3ZQ. 


PARKE-DAVIS 









(53DA 












RE-ADVERTISEMENT Tem 
IMPERIAL CANCER RESEARCH FUND 


Technician/ Research Officer 


WANT TO LIVE 
IN THE U.S.A.? 


American agency 



















































































E EA provides help ired i Cyt tics Laboratory to anal d identify the 
: cid ger required in our Cytogenetics Laboratory to analyse and identi 

EXPERIMENTAL STATION For he Alle human chromosomes in human/mouse somatic cell hybrids and 

: oe i analyse some human tumour material, Experience in human 
ar Bury St Edmunds, The Transatlantic Agency cytogenetics essential. ee 
Suffolk IP28 6NP (N} 33 Great James Street, Degree/HNC. Salary range £5,637 to £7,881. For further information. $ 
London WC1. . and application form write or telephone to Miss S M Hurley, Imperial 1 
(A constituent part of Enclose SAE please. Cancer Research Fund, Lincoln's Inn Fields, WC2 on 2420200 ext 305 1 
Rothamsted Experimental (9536)A quoting ref 144/81. 57A o G 

Station) ATEREA 

CHEMIST 


to study the processes controlling 
uptake of ions from the soil and their 
distribution and movement within 
sugar-beet plants. The appointee will 
join a team investigating factors 
_ affecting crop growth and sugar 


TEAM LEA DER ome 


ISCHAEMIC HEART DISEASE 





production. 


-> Qualifications: First or upper 
‘second class honours degree in 
chemistry, soil science or related 
- subject, and preferably a higher 
degree in one of these disciplines, 
= with some knowledge of crop and 
plant physiology. At least two years’ 


relevant post-qualifying experience is _ 


required for appointment as HSO. 


Appointment in grade of Scientific 
Officer (£5,176 — £6,964) or Higher 
_ Scientific Officer (£6,530 — £8,589) 
according to qualifications and 
experience. Non-contributory super- 
annuation. 


Further particulars and an | 


application form can be obtained 
from the Head of Broom’s Barn. 
Please quote Ref. 449, 


Closing date 30th September 1981. 
| (9435)A 


ne MRE 


We are seeking an experienced biologist to initiate and develop a new project 
devoted to the discovery of drugs of value in the therapy of Angina. This project 
will form part of the programme of a large existing cardiovascular group, based 
at our Nottingham laboratories, which is presently actively engaged in the 
hypertension field. 


Ideally applicants, mate or female, will have post-doctoral experience in an area 

of cardiovascular pharmacology and an appreciation of the biochemicai aspects 

of the disease. Although industrial experience in the pharmaceutical industry is 

desirable, personal expertise and the ability to lead and motivate a research team 
are more important. 


Benefits are those expected of a large successful Company and include 
profit sharing and staff purchase privieges. 


Salary will reflect experience and generous help with relocation to the area is 
available, if applicable. 


Please write or telephone for an application form from:- 
Tom Flower, Employment Manager (Technical), The Boots Company Ltd., 
Station Street, Nottingham. Nottingham 56255 Ext. 243 














Microbiologist/ 
Biochemist 


We require a microbiologist/ biochemist to work on the 
invention of products for improving crop production. 
One area of work would concern the use of micro- 
organisms as a source of novel chemicals for pest 
control. 


Candidates should have a degree or equivalent in 
microbiology and/or biochemistry with some additional 
experience which demonstrates good scientific 
achievement coupled with continued high productivity. 
The person must be capable of working as a member 
of a multi-disciplinary team. 

Jealott’s Hill Research Station is situated on a pleasant 
farm estate between Bracknell and Maidenhead. We 
offer good salaries and fringe benefits including profit 
sharing and pension fund schemes. Help can be given 
with relocation expenses where appropriate. 


Please apply to: 

Mr P J A Callaghan, 
Personnel Department, 

ICI PLant Protection Division, 
Jealott’s Hill Research Station, 
Bracknell, Berks. 


Telephone Bracknell 24701 ext 3350 


Plant Protection 
Division 








UNIVERSITY OF ESSEN 


INSTITUT FUR 
PHYSIOLOGIE 


A position is available to join a group working on mechanisms of 
blood gas and acid-base transport. Methods include diffusion, 
stopped-flow, and membrane transport measu rements, protein 
preparation and enzyme kinetics. 


Post-Doctoral 
Scientist 


Salary is in the range 45.000-50.000 DM/year. Medical or 
biochemical-biophysical background would be an advantage. 


Applications to: Dr G. Gros, Institut für Physiologie, 
Universitatsklinikum Essen, Hufeland-str. 55, 4300 Essen, West 
Germany, from whom additional information can be obtained. 
(W431)A 


Nature Vol. 293 17 September 1 981 


UNIVERSITY OF DUNDEE 
DEPARTMENT OF 
BIOCHEMISTRY 


Applications are invited from 
Honours graduates in 
Biochemistry or Chemistry 
for the post of 
RESEARCH ASSISTANT 
for a period of three years to work 
with Professor P. B. Garland on an 
MRC-funded investigation of the 
lateral and rotational diffusion of 
membrane proteins. Appointment 
from 1 January 1982, or earlier, 
within the salary range £5,285 — 
£6,070 per annum according to age 

and experience. 

Further particulars from Personnel 
Officer, The University, Dundee 
DD1 4HN, to whom applications 
including a curriculum vitae and the 
names of two referees should be 
sent by 16 October 1981. Please 
quote Ref. EST/51/81J/1. 

(9535)A 





GEOPHYSICAL FLUID 
DYNAMICIST/PHYSICAL 
OCEANOGRAPHER 


Applications are solicited for a junior 
faculty position in ocean physics or 
dynamics to begin in the academic 
year 1982-83. Areas of interest to the 
Department include analytical, 
numerical and laboratory modeling 
of physical processes and phenomena 
in the sea. 


Yale University is an equal oppor- 
tunity/affirmative action employer 
and encourages women and members 
of minority groups to compete for 
this position. 


Curriculum vitae, publications, 
and the names of three or more 
referees should be sent by 37 
December 1981 to: Robert B Gordon, 
Chairman, Department of Geology 
and Geophysics, PO Box 6666, New 
Haven, CT 06511. (NW845)A 





RUTGERS UNIVERSITY 


DEPARTMENT OF 
BIOLOGICAL SCIENCES 


CHAIR 


Rutgers — The State University of 
New Jersey seeks a distinguished 
scholar to chair the Department of 
Biological Sciences in the newly 
reorganized Faculty of Arts and 
Sciences on the New Brunswick 
campus. The recent consolidation of 
the biological sciences into a unified 
Department of 80 members offers a 
challenging opportunity for creative 
leadership. 


Candidates must have a strong 
commitment to research and 
graduate education. Nominations or 
applications (a letter of intent and 
vita) should be submitted by 
December 1, 1981. Appointment 
effective July 1, 1982. 


Address correspondence to: 
Search Committee for Chair of 
Biological Sciences, Office of the 
Dean, Faculty of Arts and Sciences, 
Rutgers University, New Brunswick, 
NJ 08903. Initial correspondence will 
be held in confidence. Rutgers 
University is an Equal Opportunity/ 
Affirmative Action Employer. 

(NW888)A 















































PLANT CELL/MOLECULAR 
BIOLOGIST 
The Department of Botany of the 
University of Georgia announces an 
opening at the assistant/ associate 
professor level for a plant cell or 
molecular biologist. While the 
specific area is open, some areas Of 
interest to us would be genome 
transposition, rearrangement, and 
expression; the molecular biology 
of the plant cytoskeleton; the 
molecular biology of trans- 
formation in plants; molecular basis 
of cell-cell interactions; and rege- 
neration and development in higher 
plants. We welcome applications 
from individuals who use cultured 
cells or tissues as a research tool. 
Duties include developing an inde- 
pendent research program and 
teaching at the graduate and under- 
graduate levels. 

Applicants should forward. a 
curriculum vitae, reprints, a brief 
statement of research plans, and 
arrange to have four letters of 
recommendation sent to, Depart- 
ment of Botany, University cof 
Georgia, Athens, Georgia 30602. 
Screening of applicants will begin 
October 1, 1981 and the closing 
date for applications is December 1, 
1981. Appointment would ‘be 
effected on or about September, 
1982. The University of Georgia is 
an Equal Opportunity/ Affirmative 
Action Instution. (NW895)A 





















FACULTY POSITION IN 
ROOT BIOLOGY 


A position of Assistant Professor of 
Biology at Harvard University is 
available with research opportunities 
at The Arnold Arboretum and 
teaching obligations at the Depart- 
ment of Biology. 


The Arnold Arboretum has 
excellent modern greenhouse 
facilities, sited among its living 
collections, with good control of 
temperature and water, low 
temperature facilities, two small 
laboratories, and adjacent field plots 
and saran house. 


The person should be a vascular 
plant physiologist, with background 
training in plant growth and develop- 
ment, and with special interest in 
woody plants, their propagation, 
multiplication, growth and devalop- 
ment. The desired field of research 
may be root physiology, hormonal 
physiology, or possibly seed 
dormancy and germination. 


We hope that the person would 
have the breadth of vision to bridge 
the gap between pure and applied 
forestry and/or horticulture. As a 
particular instance, tropical 
silviculture is still immensely 
hampered by the lack of effective 
propagation techniques for hard- 
wood species. 


Salaries for the 1981-1982 
academic year begin at $20,600. 


Harvard University is an 
affirmative action/equal opport- 
unity employer. 


Application should, by 30 
November 1981, be made to: Martin 
H Zimmerman, Chairman, Root 
Biology Search Committee, Harvard 
Forest, Petersham, MA 01366. 

(NW893)A 






~ Harvard University 
~ ASSISTANT PROFESSOR | 
- CELLULAR AND 

| DEVELOPMENT BIOLOGY | 
The new CDB Department at 
Harvard University will be making 
an appointment at the Assistant 
Professor level during the coming 
academic year. The specific area 
of specialization within the area of 
cellular and developmental! 
biology is less important than the 
candidate's excellence. Salaries 
for assistant profesors in the 
1981-82 budget range from 
$20,600 to $24,000. Complete 
applications and three letters of 
recommendation should be sent 
by November 1, 1981 to: 

Chairperson, 
CDB Search Committee, 
The Biological Laboratories 
Harvard University 
16 Divinity Avenue 
Cambridge MA 02138 

Harvard University is an equal 


opportunity employer. 
(NW896) A 





ANALYTICAL FACULTY 
positions — Professor, Associate, 
and/or Assistant Professor. Any 
level, tenure track. Excellent 
opportunity to shape future of 
Division. Candidates with strong 
record in both research and teaching 
are invited to apply. Any research 
area, although areas complementary 
to present faculty preferred. A 
complete résumé, a brief outline of 
present and proposed research, a list 
of extramural funding for the past 
five years (Professor and Associate 
Professor candidates only) and three 
letters of recommendation should be 
sent to James L. Anderson, Depart- 
ment of Chemistry, University of 
Georgia, Athens, GA 30602. 
Deadline for Full Professor 
applications is October 9, 1981. 
Deadline for Associate and Assistant 
Professor applications is November 
30, 1981. The University of Georgia 
is an Equal Opportunity/ Affirmative 
Action Institution. (NW842)A 





UNIVERSITY 
OF CAMBRIDGE 


DEPARTMENT OF 
PATHOLOGY 


DIVISION OF 
MICROBIOLOGY 


A RESEARCH ASSISTANT 


is required for a project on the 
mechanism of natural resistance and 
immunity to Salmonella. The work 
will involve the culture of phagocyte 
cells to study growth of bacteria, the 
study of in vivo division and death 
rate of bacteria, genes controlling 
resistance to infection, and possible 
ways of developing acquired 
immunity. A Research qualification 
and experience in microbiology are 
essential. 


Salary in the range £6,880 to 
£7,700. Age 26-28. The post is MRC 
supported and has tenure for 3 years. 


Please send CV and the namas and 
addresses of two referees to The 
Superintendent, Department of 
- Pathology, Tennis Court Road, 
. Cambridge CB2 1QP. (9548A 





UNIVERSITY OF 
WISCONSIN-MADISON 
AQUATIC BIOLOGY 
ONE RESEARCH 
ASSOCIATE 
(Postdoctoral) 
and 
ONE SPECIALIST 

(BS or MS level) 


positions available immediately. 
Project involves the microbiological 
and integrated control of Eurasion 
watermilfoil and the impact of these 
Strategies on water quality. 
Experience in plant pathology, 
microbiology, water chemistry, 
aquatic botany, or ilimnology 
desirable. Funding for at least two 
years. Salaries commensurate with 
qualifications. 


Send résumé, transcripts and three 
letters of recommendation to: Dr J H 
Andrews, Department of Plant 
Pathology, 1630 Linden Drive, 
University of Wisconsin-Madison 
53706. An affirmative action/equal 
opportunity employer. (NW890)A 


INSTITUTE OF CANCER 
RESEARCH 


A POST-DOCTORAL 
FELLOW 


is required for the Division of Cell 
and Molecular Biology, Chester 
Beatty Research Institute, Fulham 
Road, SW3, to work on the primary 
structure of chromosomal proteins. 
Experience in amino acid sequencing 
would be an advantage but general 
experience in protein chemistry 
would be acceptable. The post is for 
two years in the first instance with a 
possible extension of one year. 


Starting salary in range £6,070 to 
£7,700 pa plus London Allowance of 
£967 pa. 


Applications in duplicate with the 
names of two referees to the 
Secretary, Institute of Cancer 
Research, 34 Sumner Place, London 
SW7 3NU, quoting Ref 300/G/6. 

(953 DA 





UNIVERSITY 
OF FLORIDA 


DEPARTMENT OF 
PHARMACOLOGY AND 
THERAPEUTICS 
ASSISTANT PROFESSOR 


OF PHARMACOLOGY 


| Applications are invited for a tenure- 


track position at the Assistant 


Professor level. Applicants must 


have an earned doctoral degree with 
postdoctoral experience in research. 
The position requires establishing a 
strong, independent research 
program and participating in the 
Department’s teaching efforts. 
Anticipated starting date is 
September 1, 1982; closing date for 
applications is December 31. 


Please submit complete curriculum 
vitae, a description of future research 
plans, and three letters of reference to 
Dr D N Silverman, Department of 
Pharmacology, Box J-267 Health 
Center, University of Florida, 
Gainesville FL 32610. We are an 
Equal Employment Opportunity” 
Affirmative Action Employer. 

(NW899)A 










ec 


Royal Botanic Gardens 
Jodrell Laboratory, Kew 


Biochemist 


. . . to join a group whose aim is the isolation from plants of | 
potentially useful novel chemicals. The successful candidate will 
undertake chemical screening of a range of plant species, develop —- 
isolation procedures where appropriate, and make structural studies = 
in collaboration with organic chemists; study the comparative a 
biochemistry of novel compounds and assess the implications of 
these findings for taxonomy and chemical ecology. Work also 
includes some laboratory maintenance and assisting students and 
visitors. 

Candidates, normally aged under 27, should have a good honours 
degree in a relevant discipline and postgraduate experience in the 
isolation of amines and alkaloids from plants. Appointment as 
Scientific Officer. Ref; SB/23/ AH. 












Wakehurst Place, Ardingly, Sussex 


Plant Physiologist 


. . , to investigate maintenance of orchid seed viability. The 
successful candidate will initially develop seed germination tests for 
epiphytic and terrestrial orchids so that quantitative studies of their 
seed viability may be undertaken. There are opportunities for 
independent research into other aspects of orchid propagation and 
for involvement in joint projects on quantitative seed physiology. 

Candidates, normally aged under 30, should have a good honours 
degree in a relevant discipline plus at least 3 years postgraduate 
experience in either tissue culture, cryo-biology or seed physiology. 
Appointment as Higher Scientific Officer. Ref: S8/24/ AH. 








Herbarium, Kew 


Plant Taxonomist 


.. . to jon a smali team in the Herbarium, specialising on 
Pteridophyta. Work will cover the following areas:- 

Curation: extraction of specimens for despatch on loan; answering 
enquiries; assisting visitors; supervising the work of an assistant and 
executing specific projects. 

Floristic research: collaborating with and assisting the senior 
botanist in an account of the Pteridophyta for the “Flora of Tropical 
East Africa.” 

General naming of incoming material from the tropics, especially 
from the area of SE Asia to New Guinea. This could lead to further 
floristic or monographic research. 

Monographic research on a group to be selected. 

Candidates, normally aged under 30, should have an honours 
degree or equivalent in Botany or Biology. An interest in scanning 
electron microscope and cytological techniques is essential and 
proven ability in fern cytology is higher desirable. 









Appointment as Scientific Officer £5,600 to £7,385 or Higher 
Scientific Officer £6,950 to £9,010. Level of appointment and Me 

mh, Starting salary according to location, qualifications and experience. “sy 

| For further details and an application form (to be returned 








by 9 October 1981) write to Civil Service Commission, 
Alencon Link, Basingstoke, Hants RG21 1B, or 
telephone Basingstoke (0256) 68551 (answering 
service operates outside office hours). Please 
quote ref: SB/25/ AH. (9566) A 

















Chemist 
£8,000-£10,000 | 


We require a physical chemist to join our 
Product Technology and Consumer Studies 
Division. The job holder would initially work 
in collaboration with other Scientists on an 
understanding research programme involving 
physical chemistry aspects of model food 
systems and food products, such as frozen 
foods and food emulsions. He/she would be 
expected to contribute towards defining and 
implementing future research strategy within 
the programme. 

Applicants should have a good Honours 
Degree and a Ph.D in Physical Chemistry or 
the Physical Chemistry of Biological Systerns. 
Specific qualifications/experience in food 
systems are not essential although research in 
systems important in the Food Industry (e.g. 
emulsions, hydrocolloids) would be helpful. 


Salary will be in our normal ranges for our 
research scientists and will be commensurate 
with qualifications and experience, ranging from 
£8,000-£10,000. The successful candidate will be 
eligible for BUPA and assistance with removal 
expenses will be given where appropriate. 


The Laboratory, the largest and most modern 
centre of food research in Europe, is situated ina 
pleasant country estate 10 miles north of Bedford. 
Please write giving details of career history and 
quoting reference CH-265M to:- 
jill Kenny, 
Recruitment and Career 
Development Manager, 
Unilever Research, 
Colworth Laboratory, 
Sharnbrook, 
Bedford MK 44 1LQ. 
(9559)A 











AGRICULTURAL RESEARCH COUNCIL 
FOOD RESEARCH INSTITUTE 


CHEMISTRY & BIOCHEMISTRY DIVISION 


_ BIOPHYSICIST/PHYSICAL CHEMIST 
a (TEMPORARY HIGHER SCIENTIFIC OFFICER) 





OF ADELAIDE 
WAITE AGRICULTURAL 
RESEARCH INSTITUTE 
invites applications from PhD 

graduates for appointment as a 
POSTDOCTORAL FELLOW 
(X3121) 


in the Department of Agronomy to 
work on the project ‘“‘Quality aspects 
of triticale feed grain”, and will 
involve laboratory analyses of nutri- 
tional aspects of triticale grain and 
animal feeding trials involving 
triticale as part of the triticale 
breeding programme. Applicants 
should have experience in quality 
analyses of cereals or nutritional 
biochemistry. 


The position is available for one 
year in the first instance, and may be 
extended for up to two further years, 
subject to the availability of funds to 
support the position. 


Salary: A$17,083 x 4 — A$19,072. 


Applications in duplicate, and 
giving particulars of age, marital and 
citizenship status, qualifications and 
experience, and names and addresses 
of two referees, should reach the 
Registrar Designate of the 
University, GPO Box 498, Adelaide, 
South Australia, 5001 by October 15, 
1981. (9530)A 





THE UNIVERSITY 
OF LEEDS 
DEPARTMENT OF PURE AND 
APPLIED ZOOLOGY 
Applications are invited for a post of 
PREDOCTORAL 
RESEARCH ASSISTANT 
OF 
POSTDOCTORAL 
RESEARCH FELLOW 


in the above Department for work on 
hatching control and the membrane- 
bound proteins on the eggshell of the 
potato cyst nematode. The work is 
physiological and biochemical in 
nature involving the use of electro- 
phoresis, column chromatography 
and fluometry techniques. 


A good honours degree in agri- 
cultural zoology, zoology, bio- 
chemistry, physiology or any other 
appropriate degree is required 
together with a PhD and relevant 
experience for appointment at post- 
doctoral level. The post is available 
from 1 November 1981 for a fixed 
period of up to three years (pre- 
doctoral level) or for a fixed period of 





ST. ANDREWS 


DEPARTMENT OF 
PHYSIOLOGY & PHARMACOLOGY 


Applications are invited for a post of 
POSTDOCTORAL 
RESEARCH ASSISTANT 


to work on factors that control 
dendritic sprouting following neural 
lesions. The work is financed by the 
SERC for three years from October 
1981 or as soon as possible thereafter. 
Salary within the range £6,070 to 
£6,880 per annum, according to age 
and experience, plus superannuation. 


For further information about the 
work please contact Dr R M Pitman, 
Department of Physiology & 
Pharmacology (telephone St 
Andrews 76161 ext 7209). 


Applications with curriculum vitae 
and the names of three referees 
should be submitted to the Establish- 
ments Officer, The University, 
College Gate, St Andrews, Fife KY16 
9AJ by 2nd October, 1981. (9541)A 





QUEEN ELIZABETH 
COLLEGE Kensington 
(University of London) 
BIOCHEMISTRY DEPARTMENT 
POST-DOCTORAL 
RESEARCH ASSISTANT 


Applications are invited for an ARC 
supported post-doctoral research 
assistant to work on the deter- 
mination of hormones at the 
attomole and sub-attomole level 
under the supervision of Professor D 
Exley. A strong background in 
immunoassay techniques would be 
advantageous. Candidates should 
have a good honours degree in Bio- 
chemistry and preferably have 
experience in analytical chemical and 
biochemical techniques. 


The appointment is tenable for 
three years and the applicant would 
start as soon as possible at a starting 
salary of up to £7,700 pa plus £967 pa 
London allowance. 


Further details can be obtained 
from Professor D Exley of the Bio- 
chemistry Department. Applicants 
should send a curriculum vitae and 
the names of two referees to: Mrs J 
Straight, Assistant Secretary, Queen 
Elizabeth College, Campden Hill 
Road, Kensington, London W8 
7AH. Closing date: 9 October 1981. 









A two-year post-doctoral position is available for a | | 
Biophysicist/ Physical Chemist to work in the Biophysics Group (NMR up to two ie S a three months (9527)A 
Spectroscopy Development) of the Chemistry & Biochemistry Division (postdoctoral level). 
on the molecular basis of the behaviour of biopolymers in food, Salary £5,285 — £7,700 on the IB 
oteins and polysaccharide gels. The institute has Range for Research and Analogous 
Bruker CXP 300 NMR spectrometer and itis Staff (predoctoral Research Assistant) GRANTS and 


of the work will involve cross- or £6,070 — £10,575 on the IA Range 
for Research and Analogous Staff 


(postdoctoral Research Fellow) 


SCHOLARSHIPS 





| polarisation NMR spectroscopy. 


a Qualifications: A first or upper second class honours degree in according to age, qualifications and | | 
- Chemistry or Physics and at least 2 years post-graduate experience, experience. NATIONAL KIDNEY 
preferably a PhD degree. Previous experience with NMR neocons tc N E SE eemade ts RESEARCH FUND 
Mapas pplication of spectroscopic techniques in Biophysics !S Dr H J Atkinson (tel: 0532-31751 ext TRAVEL GRANTS 
: 380). up to £500 available for Renal 
Research. 


Application forms and further 
particulars may be obtained from the 
Registrar, The University, Leeds LS2 
9JT, quoting reference number 
$6/8/D. Closing date for applica- 
tions 30 September 1981. (9554)A 


Salary: On a scale £6,530 to £8,589. 
Application forms from National 
Kidney Research Fund, 184B Station 
Road, Harrow, Middlesex HA1 2RH 
(01-863 4469). S.A.E. please. 

(9494)H 





: Further particulars and application form from the Secretary, Food 
_ Research Institute, Colney Lane, Norwich NR4 7UA quoting ref 81/53. 
-= Closing date: 8th October 1981. er 











“17 September 
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SEMINARS and SYMPOSIA STUDENTSHIPS 


ti TM ATAARE UNIVERSITY OF GL ASGOW 
Institute of Physiology 










NRC RESEARCH 








35th Annual Symposium on PHYSIOLOGIST ASSOCIATESHIP 
Fundamental Cancer Research PHARMACOLOGIST a 
Perspectives on Genes and the BIOCHEMIST 4 
Molecular Biology of Cancer” SRC CASE Seen 
STUDENTSHIP 





March 2-5, 1982 


This symposium, sponsored by The University of Texas M. D. 
Anderson Hospital and Tumor institute, will focus on the 
molecular biology of cancer and explore in depth the metabolism 
involved in cellular cancer growth. Over 30 lectures and severa! 
poster sessions will cover the following topics: 


Campatine awards to roam gouio 
uates and experienced senior imag 
foe of interruptions and dsiractiane 
Gulies--as visiting acientints in sale 

laboratories ihroughout ihe United 
Over 200 new awards offered by the Ne 
Research Council, Opportunity for speciatiz 
SXPEnBASS in axperithental or theoratieal 
search in fieits of 


Applications are invited for an SRC 
CASE post-graduate studentship 
from graduates, or those expecting to 
graduate Summer 1982 with at least 
an upper second-class honours degree 
in physiology, pharmacology or 
biochemistry. The person appointed 
will study the effects of long-term 



















* Gene organization and evolution infusion of pressor agents. “ENGINEERING « LIFE SEMON ae 

a . A # gait d 5 4 f 
Regulation of gene expression The Saidéntehip. whick will ENVIRONMENT. VIRONMENTAL SCIENCES : 

* Gene transfer MATHEMATICS * SPACE SCIENCES 







commence in October 1981 or 1982 is 
being carried out in conjunction with 
the MRC Blood Pressure Unit, 
Western Infirmary, Glasgow, where 
the student will spend the industrial 
period 

Applications including a full 
curriculum vitae and the names of 
two referees should be sent to Dr 
J C McGrath, Institute of Physiology, 
The University of Glasgow, Glasgow 
G12 8QQ and from whom further 
information can be obtained by tele- 
phoning 041-339 8855 ext 7143 or 496. 

(9555)F 


* Novel applications of recombinant DNA technology to 
human cancer 






Most of the 10 programe sre open 16 pondi ii o EE 
nationsis, armi most are apen to vernier ives ME 
gators as weil as reoot Pols Eo 

Application mamnies with dotais on se t g 
search opportunities and laboratory ecationg Si- 






Speakers will include: 
R. Axel, D. Baltimore, J. Baxter, P. Berg, M. Birnstiel, D. 
Botstein, D. Brown, P. Chambon, D. Clayton, R. Davis, B. 
DeCrombrugghe, W. Gilbert, W. Hazeltine, L. Hood, R. 
Kamen, P. Leder, T. Maniatis, B. Mintz, B. O'Malley, D. 
Robberson, F. Ruddle, G. Saunders, R. Schimke, C, 
Schmid, P. Sharp, H. Temin, S. Tonegawo, G. Vande 
Woude, H. Varmus, R. Weinberg, C. Weissman, and R. 
White. 


For scientists interested in presenting poster papers, please 
send abstracts by Dec. 31, 1981 to 





are #yaiiaiie fein 






Associateshin Coe {dh STAA} 

NATIONAL RESEARCH COUNCEH. 

20h Conetitintion Avenue. SA ooo 
Waehington, 040. 20016 












Postmark desdiine for agylicationn: 
darnanry WS. we 
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Dr, Grady F. Saunders or Dr. Donald L. Robberson ET 
M. D. Anderson Hospital and Tumor Institute CONFERENCES 
6723 Bertner Ave. and TEN 
Houston, Tex. 77030 COURSES National Academy of Engine ring 


Registration information may be obtained from Frances Goff, 
Room 115, at the same address. 





(NW886)M 
AEA 


FARNARI 


THE INDUSTRIAL LIAISON PROGRAM OF THE § 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
PRESENTS A COLLOQUIUM ENTITLED T 
"Microcapsules and Microcarriers 
in Biotechnology” 


BRITISH VETERINARY ASSOCIATION 


SYMPOSIUM ON 


Date: October 15, 1981 
S A LM O N E L LOS l S Chairman: Professor Robert S. Langer, Jr., MIT 
Co-Chairmen: Kosh Ages Karel, Alexander Klibanov, 
: : i William Thilly, 

A one-day S ymposium on Salmonellosis will be held at Other Speakers: Professor E. Katchaleki-Kateir 

The Meeting Room of the Zoological Society of Weizmann institute of Science 

London, Regent's Park, London NW1, on Tuesday, 27 l Professor D. Papahadjopoulos 

October 1981 from 9.30 a.m. — 4.30 p.m. University of California, San Francisco 

‘ ; i : : Professor T. Chang, McGi/ University 

Speakers will include Medical Scientists, J. Salk, M.D., Salk Institute 

Environmental Health Officers and Veterinary Location: MIT Kresge Auditorium, Cambridge, MA 02139 

Scientists. Contact: ete da V. Soa Martin 

i : ndustrial Liaison Program 
Registration Fee: £25.00. Tel: (617) 253-2691. Telex: 921473 
Full details and registration form are available Attendance Fee: Industrial Liaison Program (ILP} Members — fres — 


: ia : Non-ILP Members — $500 
from Miss Janet Watkins, British Veterinary Topics: jebe kaa 


Association, No. 7, Mansfield Street, London Enzyme Stabilization 

W1. (9524)M Controlled Drug Delivery Systems 
Liposomes — Drug Targeting 
Microcapsules 


Diffusion Control in Food Systerns 
STUDENTSHIPS Microcarriers for Mammatian Cell Culture 
UNIVERSITY OF BRISTOL 


Microcarriers in Vaccine Production 
DEPARTMENT OF PHYSICAL CHEMISTRY 
RHEOLOGY OF FILMS AT OIL SERVICES AN SRC CASE 
STUDENTSHIP 

in association with British Petroleum is available for a three-year period 
to study the viscoelastic properties of films formed at oil surfaces and to 
relate these to the molecular properties of the systems. Sorne instru- 
_ mental development will be required, 
Applications from students with a good honours degree should be sent 
with a curriculum vitae and the names of two referees to: Dr J W 
Goodwin, Department of Physical Chemistry, University of Bristol, 
Cantock's Close, Bristol BS81TS. 9542) F 







| Abstract: e 
Major advances have been witnessed in the past few years in the area of. 
biotechnology, which can be defined as the application of engineering — 
principles to biological processes. In this cologuium, the use of novel 
concept — microcapsules and microcarriers — in biotechnology will be 
discussed. These particles possess significant potential in both basic — 
and applied research. The applications in several important areas will - 
also be discussed including their use as (i) supports for cells which make ~ 
useful products, (ii) matrices for enzymes to be used as bioproducers or 
bioconverters, and (iii) the central components in drug and food . 
delivery systems. Awg 

































































- for research on 
Computing tools for 
molecular biology 
required with extensive 
experience of interactive 
scientific computing to colla- 
borate on the design and imple- 
mentation of computing tools for 
research in molecular biology. 
There is particular interest in the 
development of artificial intelli- 
gence and statistical techniques 
to assist in the retrieval and 
analysis of data from DNA and 
protein sequence databases. 
Experience in these fields is not 
‘necessary but would be advan- 
tageous. The appointee will also 
bear some responsibility for 
liaison with laboratory scientists 
and. for supervising the 
acquisition of software developed 
elsewhere. 
‘The ICRF is equipped with a 
recently installed DEC 2060 and a 
‘wide variety of software and pro- 
gramming languages’ are 
‘available. | 
The appointment is for three 
years on the scale £7,700 to 
£9,750 (plus £967 London 
Allowance). Enquiries to Dr 
John Fox, Biomedical 
Computing Laboratory, 
Imperial Cancer Research 
Fund, Lincoln's Inn Fields, 
‘London WC2A 3PX. Appli- 
-cations including full curri- 
culum vitae and names and 
addresses of two referees 
should be sent to the 
Secretary, ICRF, address as 
above by 23rd October, 1981. 
_ (Quoting reference 139/81). 
a (9539) E 















UNIVERSITY 
OF BIRMINGHAM 
DEPARTMENT OF 
| MICROBIOLOGY 
RESEARCH FELLOWSHIP 


Applications invited for this three 
year MRC funded post. The project is 
designed to characterise 
enterotoxin(s) of Clostridium 
difficile and develop an in vitro 
serological test (to replace the rabbit 
ileal loop test) capable of detecting 
toxin in clinical samples. Work will 
be carried out mainly in Department 
of Microbiology in conjunction with 
Department of Physiology, 
Department of Microbiology 





General Hospital and Institute of 
Child Health of Birmingham 
University. 

~ Salary will be on the RF 1A scale 
£6,070 to £10,575 plus super- 
nuation. Maximum starting salary 
will be £6,880. 

`< Further particulars from Assistant 
Registrar (Sci & Eng), PO Box 363, 
Birmingham B15 2TT, to whom 
applications (three copies), including 
full curriculum vitae and naming | 
three referees should be sent by | 
‘Friday 2 October 1981. 

©. Please quote ref: NM4(r) 
~ (956 D)E 
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FELLOWSHIPS 


JOSIAH T. MACY FELLOWS 
Division of Health Policy 
Research and Education 
Harvard University 

Harvard University is seeking 
applications from professionais in a 
variety of disciplines for a one-year 
fellowship in health policy and 
management, commencing July 1, 
1982. Fellows will pursue individual 
research on health policy matters, 
participate in Division activities, 
and interct with students and 
faculty in schools and institutions 
affiliated with the Division, in- 
cluding the Harvard Schools of 
Public Health, Medicine, and 
Government. Stipends will range 
from $25,000 — $30,000, 
depending on individual circum- 
stances. 

For application forms and further 
information, write to; Center for 
Health Policy and Management, 
Kennedy School of Government, 
79 Boylston Street, Cambridge, 


W894)E 





UNIVERSITY OF 
EDINBURGH 


DEPARTMENT OF BOTANY 


POST-DOCTORAL 
RESEARCH FELLOW 


Applications are invited for a post- 
doctoral research fellowship to joina 
group working on mitochondrial 
genome organisation and expression 
in relation to cytoplasmic male 
sterility in higher plants. The 
appointment is available from Ist 
November, 1981 (although a later 
starting date will be negotiable) and 
will be for three years on an ARC 
funded research grant. Salary 
starting at Point 3 (£6,880) on the 1A 
range for research and analogous 
staff. Expertise in nucleic acid and 
DNA cloning technology and/or 
mitochondrial function would be an 


| advantage, but applicants with 


enthusiasm and a desire to acquire 
expertise in these techniques will be 


- considered. Informal enquiries to Dr 


C J Leaver (031) 667-1081 ext 3304. 


Applications should be made in 
writing, quoting at least two referees, 
to Dr C J Leaver, Department of 
Botany, University of Edinburgh, 
The King’s Buildings, Mayfield 
Road, Edinburgh EH9 3JH. Please 
OSIDE 


The Max-Planck-Institute for Molecular Genetics 
in Berlin, Federal Republic of Germany 


offers a 
RESEARCH ASSOCIATE POSITION 


and a 
POSTDOCTORAL RESEARCH FELLOWSHIP 

for research in molecular biology and biochemistry of oncogenic re- 
troviruses. Candidates with experience in protein biochemistry or 
nucleic acid biochemistry (DNA cloning and sequencing) will be 
preferred. The appointments will start in January 1982 and will be for 
2-5 years. Approximate salaries: 40,000-55,000 DM. 

Send curriculum vitae and direct three letters of reference by 15 
November 1981 to Dr Klaus Bister, Department of Molecular Biology, 
University of California, Berkeley, California 94720. 
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POSSONO EEEN E anaanatae 


UNIVERSITY 
OF GLASGOW 


READVERTISEMENT 


DEPARTMENT OF 
BOTANY 


POSTDOCTORAL 
RESEARCH FELLOWSHIP 


Applications are invited for a 
Postdoctoral Research Fellowship 
supported by the Science Research 
Council to work with Dr MF 
Hipkins on photosynthetic electron 
transport in isolated chloroplasts. 
The project will involve using a com- 
puterised flash-absorption spectro- 
photometer and chlorophyll fluore- 
scence spectrophotometer to analyse 
the spatial and functional relation- 
ships of electron transport compon- 
ents. Experience with small 
computers and oxidation-reduction 
potentiometry would be useful. 


The appointment is for one year in 
the first instance, with the possibility 
of extension for a further two years. 
Starting salary £6,070 to £6,880, 
Range 1A, Research and Analogous. 


Applications should be sent, with a 
curriculum vitae and the names of 
two referees, to Dr M F Hipkins, 
Department of Botany, Glasgow 
University, Glasgow G12 8QQ, by 
9th October, 1981. 


In reply please quote Ref No 
4799/1 (9556)E 


ASSISTANTSHIPS 


CITY OF LONDON 
POLYTECHNIC 


DEPARTMENT OF 
BIOLOGICAL SCIENCES 


RESEARCH ASSISTANTSHIP 
IN AQUATIC MYCOLOGY 


Applications are invited for a 
Research Assistant to work on 
methods of assessing fungal biomass 
in aquatic habitats. Candidates 
should possess a good honours 
degree in an appropriate subject area. 


The post is tenable for two years 
with the possibility of extension to a 
third year and the successful 
applicant will be expected to register 
with the CNAA for a higher degree. 


Salary: £5,145 to £5,361 to £5,577 
per annum (including LA of £759 pa). 


Please apply in writing giving full 
curriculum vitae, together with the 
names and addresses of two referees 
to Dr B E S Godfrey, Department of 
Biological Sciences, City of London 
Polytechnic, Old Castle Street, 
London E! 7NT by 30th September, 
1981. (9529)P 
















KING’S COLLEGE LONDON 
(University of London) 


DEPARTMENT OF 
BIOCHEMISTRY 


THIOL COMPOUNDS IN 
CHLOROPLAST METABOLISM 
Applications are invited for a three-year 

POSTDOCTORAL 
RESEARCH ASSISTANTSHIP 


financed by the Agricultural 
Research Council, to study the role of 
glutathione and thioredoxin and 
chloroplast metabolism with 
particular reference to protection of 
the chloroplast against herbicides 
and oxygen radicals and to regulation 
of the Calvin cycle. 


Candidates should preferably be 
experienced in the techniques of 
enzyme purification and isolation of 
type A chloroplasts. 


Salary in the range £6,070 to £6,880 
plus £967 London Allowance, USS 
payable. Applications with CV and 
names and addresses of 2 referees as 
soon as possible to Dr B Halliwell, 
Department of Biochemistry, King’s 
College London, Strand, London 
WC2R2LS. (9526)P 





KING’S COLLEGE LONDON 
(University of London) 
DEPARTMENT OF CHEMISTRY 
POSTDOCTORAL 
ASSISTANTSHIP IN 
NUCLEOSIDE AND 
NUCLEOTIDE CHEMISTRY 


Organic chemists are invited to apply 
for a Postdoctoral Research 
Assistantship to work, in colla- 
boration with Professor C B Reese, 
on the chemical synthesis of nucleo- 
side and nucleotide derivatives with 
possible anti-cancer activity. The 
appointment, which is supported by 
the Cancer Research Campaign, is 
tenable for one year in the first 
instance. Starting date, Ist October 
1981 or as soon as possible thereafter. 
Salary in the range £6,070 to £6,880 
per annum plus £967 ‘London 
Allowance, USS payable. 


Applications should send a curri- 
culum vitae and the names of two 
referees to Professor C B Reese, FRS, 
Department of Chemistry, King’s 
College London, Strand, London 
WC2R 2LS8. (9525)P 


CONFERENCES and 
COURSES 


Continued from page xivii 


UNIVERSITY 
OF LONDON 


MSc in BIOPHYSICS AND 
BIOENGINEERING 
(Part-time course) 

This is an inter-disciplinary course 
designed to meet the needs of 
graduates in science, engineering or 
medicine wishing to apply the 
techniques of the physical sciences to 

biological or medical problems. 


Further details and application 
forms for entry in October from: The 
Secretary, Department of Biophysics 
and Bioengineering, Chelsea College, 
University of London, 17A Onslow 
Gardens, London SW7 3AL. (Tel: 
01-351 2488). (9528)C 


hesham, Bucks, and Kingsdale Press Ltd, Wokingham, Berks, in association with 
JOURNALS LTD, 4 Little Essex Street, London WC2R 3LF. — 17 September 1981 


A new, faster way to 
clone or sequence 


From an innovative company, P-L Biochemicals, comes an 
innovative cloning kit. It incorporates the unique, rapid 
system developed by Dr. Messing*, which allows 

cloning and sequencing in one operation. This makes 

it faster and more convenient than prior cloning 
procedures which require many more steps. 


Besides saving time, the P-L M13 Kit offers high 

reliability. Reliability that comes from the 

high quality dideoxynucleotides and 

enzymes produced by P-L Biochemicals, 

and the single-strand universal primer’. 

~~ a aes : 7 This primer offers the advantages of 

ny 4 3 BAVA, N » less stringent annealing conditions and 
(ante. Ne l higher specificity. 


Xu . The P-L M13 Kit is without equal, a 

1510 M13 CLONING/ “OR, | reliable timesaver from an innovative 

SEQUENCING KIT S company. Call or write today for full 
-20°C Contains M13mp7 RF, £. coli information. 

strain K12 JM103, T4 DNA 7 

ligase, Klenow fragment of £. coli 

DNA polymerase, universal deoxy- 

oligonucleotide primer, single-strand 

M13mp7 (+) DNA and sufficient buffers ° ° 

and reagents for 100 dideoxynucleotide P-L Biochem icals, Gm bH 

sequencing reactions. Postfach 51, 5401 ST. GOAR, West Germany 

Prices: 1 kit $225.* 5 kits $1,000.* Telefon: (06741) 1515, Telex: 42308 PLBIO D 


“Product must be shipped cold. insulated container In the United Kingdom distributed by: Windsor Laboratories, Ltd. 
and refrigerant charge —$10. May require air freight Bedford Ave. Slough, Berkshire, SL1 4RU United Kingdom 


* Messing, J. et al., Nuc. Acids Res. 9,309 (1981). 





Circle No.03-0n Reader Enquiry Card 











Printing Counter/Timer 


16 individual parallel inputs 
microprocessor based 


TORIZO TAL SENSOR 
PRINTING COUNTER -n 


“Magnus” 
' sé 2 ; 
' Prints results in programmable intervals (1 to Automatic Open Field’ 





(4 BE SE SE EE 


Aaa 





99 min.) or on demand. | Animal Activity Meter 
"Prints clock time: hours, min., sec. . 
* Counts pulses or contact closures from 16 Size: 1m x 1m 
Sources. "Works on infrared beams principle 
* 99999 counts capacity in each channel beams) 
* Totalizes time from 16 individual inputs with 4 Separate sensors for horizontal and vertica 
msec. resolution. movements (rearings) 
A ' HAA Soc "Plots pattern of animal movements | 
Prints individual labels for each source. plotter 
' Stores information on magnetic tape. ' Digitally measures and prints out distance 
* Functions as general purpose microcomputer. animal travels 


= e — * Separates relocations from scretchina 
me re looking for representatives. | * Apple-i| computer interface available 


T COLUMBUS INSTRUMENTS T COLUMBUS INSTRUMENTS INTERNAZIONAL CORPORATION 
e nt SE 


950 N. HAGUE AVE \ 


COLUMBUS, OHIO 43204. USA 950 N. HAGUE AVE., COLUMBUS, OHIO 43204 U.S.A. 


etal PHONE: (614) 488-6176 TELEX: 246514 


PHONE (614) 488-6176 TELEX 246-514 
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The LEITZ DIALUX 20 - Today’s 


microscope for tomorrow’s developments 


The LEITZ DIALUX 20 has been 
designed with an eye to the future 
development of microscopy: the 
established Leitz modular pnn- 
ciple has been extended as a re- 
sult of current expenence: itis now 
even more practical, and offers 
optimum operating convenience 
with maximum functional reliability. 

A considerably improved ar- 
rangement of the optical illuminat- 
ing system makes the LEITZ 
DIALUX 20 even more efficient 
for all optical examinations of trans- 
parent specimens. It has been pos- 
sible to enlarge the microscope 
field of view even further through 
the use of the excellently corrected 
series of LEITZ NPL FLUOTAR ob- 
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jectives, Amounting to more than 
23% when compared with that of 
conventional microscopes —- with 
critical definition across the entire 
image, this ensures that the new 
LEITZ DIALUX 20 is not only a relia- 
ble tool for diagnostic microscopy, 
but also a basic instrument that has 
the necessary reserves for biolog- 
ical research. We should like to 
convince you of the extremely fa- 
vourable relationship between per- 
formance and pnice. 





| would be pleased to receive full ! 
ı details, 

IOI should like to arrange a date 
' for the Leitz consultant to visit me. 


Name/ Department 


| 
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a 
oo 
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ase return the coupon or wnite to: 409 
srmation Service, Ernst Leitz Wetzlar GmbH, 
OB. 2200, D-6330 Wetzlar 


Leitz means precision. 
World wide. 
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SYMBIOSIS AND SULPHIDE 
OXIDATION 





Six reasons to buy a Multiphor 





Obtain superior electrofocusing results 
for a fraction of the cost and time of 
running older systems. High perform- 
ance electrofocusing lets you analyze 
well over 600 samples per bottle of 
Ampholine with improved resolution 
due to the elimination of thermal gra- 
dients in the gel. 





Produce titration curves of your sample 
mixtures to gain information about sta- 
bility, heterogeneity, interactions, pl, 
and the best pH for purification. 
Simultaneously display the electro- 
phoretic mobility versus pH of every 
component in a single experiment with 
the new Titration Curve Kit. 








Choose between two preparative tech- 
niques. Purify up to gram quantities of 
even crude samples with preparative 
electrofocusing. Alternatively, try pre- 
parative isotachophoresis with its 
stacking principle to get good resolution 
at much lower cost. 


Determine the molecular weights of 
native proteins with high resolution 
using ultrathin-layer gradient gel 
electrophoresis and our new miniature 
gradient former. Or perform conven- 
tional SDS and polyacrylamide gel 
electrophoresis with the original SDS/ 
PAGE Kit. 


When you want the versatility to perform a 

wide variety of electrophoretic techniques, you 

need the Multiphor System. Now with an ex- 

panded range of capabilities, the Multiphor 

provides unparalleled flexibility, superior de- 

sign and complete technical! support. a 
Chosen by more researchers throughout the a 

world than any other, the Multiphor System 

offers unbeatable value for money. 
Isn’t it time to update your present Multiphor 

or to consider adding a second system this year? 


Contact your local representative today and 
discover how little it costs to gain a lot of ver- 


satility. 


Results 5 and 6, courtesy of Dr. Angelika Görg, Technische Univ. München 





Quantitate proteins by Laurell rockets 
or run any popular immunoelectro- 
phoretic technique. The new Mini 
Electrophoresis Kit costs only half the 
price of the original kits yet gives you 
everything you need to get started with 
agarose and immunoelectrophoresis. 





Map complex protein and peptide mix- 
tures with two-dimensional electro- 
phoresis. Combine high performance 
electrofocusing in the first dimension 
with ultrathin-layer gradient gel 
electrophoresis in the second, using the 
latest procedure developed by Gérg et.al. 
and the new 2-D and Gradient Gel Kit. 





LKB 
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Head office: LK B-Produkter AB, Box 305, S-161 26 Bromma, Sweden. Tel. 08-98 00 40, telex 10492 ` È 
Main US sales office: LKB Instruments, Ine. 12221 Parklawn Drive, Rockville, MD 20852. Tel. 301-881 25 10, telex 230 89 682 
UK sales office: LKB Instruments Ltd., 232 Addington Road, S. Croydon, Surrey CR2 8YD, England. Tel. 01-657 8822, telex 264414 
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New versatility in polyacrylamide gel electrophoresis 


Basic PAGE technique has now expanded to include many ™ | 

successful modifications of the methodology. Performance oe! 
of all of these PAGE techniques and coverage of all stages | 

in the procedures demands a highly versatile equipment sf 

system. Look to Pharmacia for a system “***—~****+—++~ 








of unrivalled versatility and reliability. som} i 
i a 
A 72 page book gives complete S asali 
methodologies and CS Pn E. 
Gel Electrophoresis “recipes” for the L Two size options in electrophoresis apparatus, each with variable 
many electrophoretic buffer circulation and high efficiency cooling, are complemented by 


techniques which a reliable power supply. 
can be performed 


using the equipment 


= High and Low Molecular Weight Calibration Kits 
shown here. 


| are available for convenience in molecular weight 
estimations. 





Complete your 





work by de- Cast your own gels or 
staining and choose from a range of 
drying with ready made gradient 
reliable, gels for simple, repro- 
matched ducible high resolution 
equipment. work. 
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Improvements in isoelectric focusing 


New concepts of high voltage focusing and volthour integration added to 
significant improvements in carrier 
ampholytes and agarose support media 
have made Pharmacia the new leader in 
IEF technology. Pharmacia’s System has 
been designed with one aim—to extend 
the scope of this high resolution 
technique. 








— The Flat Bed Electrophoresis apparatus FBE 3000 
i combines the latest design features, including 
and resolution with your IEF work. ” outstanding cooling capacity, for IEF, preparative 
Digital display of volts, current or IEF and immunoelectrophoresis with minimum 
power gives you more control and investment. 

ease of operation. 

The Volthour Integrator VH-1 monitors and displays 

elapsed volthours—the clearest parameter of an IEF şm Pharmalyte® carrier ampholytes, 
experiment. Now record, report and repeat your =i Agarose IEF and Sephadex® IEF 
work with high precision. nin are specially formulated 
to give you improved 


The 3000 volt power supply ECPS 
3000/150 gives you more speed 


The Pharmacia pl Calibration Kits allow 


easy and accurate determination of pH , m results at analytical or 
gradients. A = preparative scale 
t) ~~ mit ote 





—— 
Tegan 
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In response to an increasing demand 
worldwide for a multi-head microscope 
from Olympus, the BH2-MDO Multi- 
Viewing Attachment is now available as 
an accessory of the BH-2 System 
Microscope 

With the BH2-MDO, up to five observers 
can view and study the same speci- 
men at the same time. Not only does 
this provide better efficiency in medical 
or scientific studies, but it is also highly 
valuable in educational and industria! 
fields 

indeed, microscope users in all scien- 
tific and technological areas will find 
the BH2-MDO an important new tool tor 
instruction, consultation and training 


eAll five viewers see the image in the 
same orientation. Magnification factor 
is 1x. The field of view is the same for 
each observer. A unique feature of the 
attachment, this is particularly useful 
for instructors and students and repre- 
sents a major advance over what has 
hitherto been available 

eThanks to superior optics and a 
special coating, every observation tube 
provides the same uniformly bright 
image 

ePhase contrast observation is consis- 
tently bright up to 40x magnification 
eAs with our dual observation attach- 
ment, a moveable illuminated pointer 
appears either green or yellow in the 
field of view to provide maximum 
contrast with the specimen stain so 
the area under discussion can be 
pointed out easily and clearly 

eThe distance between the observation 
tubes is such that viewers can observe 
the specimen comfortably, without 
interfering with each other 





The BH2-MDO-Now, five persons can view simultaneously! 


The BH2-MDO Multi-viewing Attach- 
ment is an advance in scientific 
achievement—an advance that 
means greater efficiency. 


OLYM PUS 


OLYMPUS OPTICAL CO,, LTD. l 
OLYMPUS OPTICAL co. (EUROPA) GMBH 





OLYMPUS CORPORATION OF AMERICA 
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h BR ° Oligo (dT)Cellulose__ 


°e High Capacity 

e Binds >90% of CH] mRNA 

e Low Cost ($70/gm; $280/5gm) 

e Low non-specific binding 

e Lot analysis data with each purchase 
o Free vial of VRC with purchase * 


he Message--AAAAAA: 
ome researchers are under the mistaken impression that the first company to produce Oligo(dT)Cellulose 
lust be the best source of this product. 


aL chall enges this notion! 


e are so confident that our Oligo (aT) Cellulose will meet your needs that we guarantee your satisfaction. 


he Offer: 


s an incentive to try our Oligo (dT) Cellulose, BRL will give you a free* 5 ml vial of Vanadyl Ribonucleoside 
omplex (VRC), the powerful transition state analog inhibitor of ribonuclease, useful in the preparation of 
tact MRNA (Berger, S. L. et. al. J. Biol. Chem. 255: 2955-2961, 1980). Complete usage instruction for the VRC 


rili be provided. 


Ordering Information 


lator A 


Product BRL # Size Quantity Price 
Oligo (aT) Cellulose 5940SA 4 gm 1-4 $ 70.00 












5+ 66.50 

504058 som 4-4 $280.00 

5+ 266.50 

5225A 5m 1-4 $ 25.00 

| Vanadyl Ribonucieoside z 5.0 23.75 





ee a AQ+ 22.50 





* Free VRC offer is aed Rosa December 34, 41984. 









lethesda Research Laboratories, Inc. BRL GmbH BRL Bethesda Research Laboratories (UK) Lid. 
Box 6009% Gaithersburg, MD 20877 Offenbacher Strasse 143 P.O. Box 145 s Science Park 
“In Maryland (304) 840-8000 6078 Neu lsenburg + Wes! Germany Cambridge + CB4 4BE England 
Telex: 908750 BRL GARG Telephone: 06102-3206 Telephone: 044-44-223-345504 


Telex: 447699 BRL NID 


Technical Services 
800-538-4045 Circle No.01 on Reader Enquiry Card. 
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British universities 
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The bivalve mollusc Solemya panamensis. 

Evidence that animal-bacterial symbiosis is 
widespread in species living in sulphide-rich 
habitats is presented on page 291 
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Test-Combination for the determination of ATP (constant light signal) 
in a concentration range of 2.5X10- to 2.5X10-" mol/l 


ATP-CLS$ 


Cat. No. 567736 


ATP- t g Test-Combination for the determination of ATP (high sensitivity) 
in a concentration range of 10-8 to 5X10? mol/l 


Cat. No. 567701 


NAD (P)H 


Cat. No. 567728 














Test-Combination for the determination of NAD(P)H 
in a concentration range of 107 to 10 mol/l 








For detailed information please ask your local representative or 


Boehringer Mannheim GmbH 
‘ Biochemica 
boehringer P.O. Box 310120 
D-6800 Mannheim 
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| @ Voyager 1 at 
Saturn 


The new results from 
Voyager 1, which appeared 
in Nature of 20 August are 
now available in a glossy, 

88-page booklet. 



















Copies can be ordered from the 
Nature offices in London, 

Basingstoke and New York at the 
following prices (including postage): 











UK £2.00 each; USA & Canada US 
$4.00; Rest of World £2.50 (surface), 
£3.50 (air) 








Payment should accompany 
orders and may be in any currency at 
the prevailing exchange rate. 
Cheques should be made payable to 
Nature. 










Annual Subscription including Index (51 issues) 
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cheque or credit card. 
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UK: Nature Promotion Department, 

Canada Road, Byfleet, Surrey KT14 7J. 
Telephone: Jonathan Earl: Byfleet (09323) 41459 
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How can you 
determine 
moisture content 
faster? 


If you really want 
to know, you'll 
need a Mettler. 


The machine is running. Time is 
running out. The moisture content 
needs determining. All right. Get 
the Mettler LP15 infrared dryer. 
Weigh in the sample on the balance. 
(Its absolute weight does not 
matter.) Close the cover. Press the 
button. Within a few minutes you 
read off the exact value — in % of 
moisture or in % of dry matter, or 
in grams. Never mind whether you 
have foodstuffs or pharmaceuti- 
cals or dyes or plastics or paper. 

For a record, attach the GA40 

printer. For conversion of the 
values, plug in the GA23 calculat- 
ing printer. 
For a graphic record of the drying 
process with the GC47 digital 
analog converter, hook up the 
GA17 recorder. 

In short, the basis for getting to 
dry land with a moisture-content 
determination as quickly and pre- 
cisely as possible is a Mettler 
balance. 

lf you really want to learn more, 
if you want to know just why we 
are one of the major manufacturers 
of analytical and precision balan- 
ces world-wide, ask for a demon- 
stration. Our specialist will con- 
vince you of the performance our 
products provide. Ask for a dry run. 


Mettler Instrumente AG 
CH-8606 Greifensee, Switzerland 
Tel. 01/941 22 41, Telex 54592 
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Monoclonal Antibody 





SCREENING SYSTEMS 








for murine immunoglobulins 


They save time — 

The ELISA method employed yields a 
rapid and dramatic color development 
in the presence of positive clones. It’s 
faster than conventional RIA and can 
be used with visual, manual spectro- 
photometric, or fully automated 
processing. 


They avoid trouble — 

Our reagents are pretested and opti- 
mized in each screening system to 
prevent unwanted variables from 
spoiling your results. 


They’re complete and 


ready to use -— 

Detailed protocol and specific titer 

information are provided with the 

pretested components: 

Enzyme-conjugated monoclonal 
second antibody 

Color development agent 

Dilution buffer 

Washing buffer 

Substrate buffer 


Our technical bulletin illustrates how 
easy it is to use the ELISA method. 
Send for it. 





NEN, 











Horseradish Peroxidase 
Sheep F(ab’). anti-mouse Ig - 
Horseradish peroxidase 
conjugated, 1ml 
o-Phenylenediamine, lyophilized 
Dilution, washing and substrate buffers 
NEI-601 (~ 10,000 assays) 

Goat anti-mouse Ig — 

Horseradish peroxidase 
conjugated, 1ml 
o-Phenylenediamine, lyophilized 
Dilution, washing and substrate buffers 
NEI-602 (~ 20,000 assays) 


Alkaline Phosphatase 
Sheep F(ab’), anti-mouse lg- 
Alkaline phosphatase 

conjugated, 1ml 

p-Nitrophenyl phosphate, lyophilized 
Dilution, washing and substrate buffers 
NEI-603 (~ 10,000 assays) 

Sheep anti-mouse Ig — 

Alkaline phosphatase 

conjugated, Iml 

p-Nitrophenyl phosphate, lyophilized 
Dilution, washing and substrate buffers 
NEI-604 (~ 20,000 assays) 


Not for use in humans or clinical diagnosis 
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New England Nuclear 


949 Albany Street, Boston, Massachusetts 02118 


Call toll free: 800-225-1572 Telex: 94-0996 
(In Massachusetts and International: 617-482-9595) 


In Europe: NEN Chemicals GmbH, D-6072 Dreieich, W. Germany, Postfach 401240, Tel. (06103) 85034, Telex 4-17993 NEN D 
NEN Canada: 2453 46th Avenue, Lachine, Que. H8T 3C9, Tel. 514-636-4971 , Telex 05-821808 
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` YES. Medix is the first 
N company which has succeeded 
` in developing RIA-suitable 
à monoclonal antibodies to 
A hCG. Low cross-reactivity 
with hLH and very high 
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For further information: 
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OY MEDIX AB, PB 819, SF-00101 HELSINKI 10, FINLAND 
tel. 358-0-5050155, telex 123367 medix sf 
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280 nm 225nm | Photographers call it underexposure. We call it absorb- 
| ance inability. The first you get from too little light, the 
| second from the wrong kind of light. But the result is 
the same; there are things there but chances are you 
don’t see them. 
A good way to get around this problem is to use 
the Uvicord SII detector from LKB. 
This new and improved version of one of the most widely used LKB products, (since 
1958 we've sold a good twenty thousand Uvicord detectors) can monitor at 206. 225. 254. 280. 
313, 365 or 405 nm. Just choose the wavelength that will give you the best result for your 
sample. If the 254 and 280 nm filters let you see nothing and 206 too much. the new 225 nm 


filter will be perfect. For peptides, for instance. o 

Uvicord SII also has a unique high inten- N U d S [I 
sity lamp (av. life 6,000 hrs.) which, combined CW Vicor 
with the short wavelength filters, can give you 
up to two hundred times greater sensitivity. 

Get in touch with LKB for a demonstra- 
tion. We think you’d be interested in a couple of 
other new Uvicord SII features like the variable 
time constant filter and it’s indicator for base- 


line adjustment. 
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CYCLIC AMP AND CYCLIC GMP 
RIA COMPONENTS 


UNIQUE SOLID PHASE FIRST ANTIBODY 
HIGHLY PURIFIED ™°1 TRACER 
SIGNIFICANT COST SAVINGS 


PROT-A-SORB™ 


| cAMP/cGMP antibody coupled to 

protein A coated heat-killed S. 
aureus. This solid phase anti- 
body retains its binding capacity, 
avidity and specificity. Supplied 
lyophilized and pre-titered, 
PROT-A-SORB™ gives a stable 
precipitate and excellent assay 
precision. 
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LIFE SCIENCES DIVISION 






6715 Electronic Drive 
Springfield, Virginia 22151 


(800) 336-4555, Ext. 4800 
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The disappearance of Mr Mark Carlisle, until two weeks ago 
the Secretary of State for Education and Science in the British 
Government, is not widely lamented. In higher education, he will 
be remembered chiefly for having brought about the most serious 
crisis in British universities since the seventeenth century. Mr 
Carlisle’s political colleagues, even those who consider that the 
universities need to be taught a lesson, or forced by economic 
hardship to change, may well be embarrassed that Mr Carlisle has 
left them with the problems that will arise when the universities 
dutifully comply with the wishes of the University Grants 
Committee by firing members of the teaching staffs, thereby 
landing the government two or three years from now with an 
unquantifiable claim for compensation from academics able to 
show that their contracts are not compatible with summary 
dismissal. But Mr Carlisle’s departure will not send people 
dancing to their lecture rooms as the new academic year begins. 
For Sir Keith Joseph, Mr Carlisle’s successor, has an ambiguous 
reputation. Nobody can be sure whether he will be willing to 
repair the damage that Mr Carlisle has wrought. 

Even so, the universities should not neglect the opportunity 
presented by the arrival of a new secretary of state. Fortunately, 
the universities are able to judge (from Sir Keith’s performance in 
the past two years at the Department of Industry) what kinds of 
arguments are likely to sway him. Sir Keith is theoretically a hard- 
line conservative — a monetarist believing that market forces are 
the best arbiters of how resources should be allocated. In practice, 
however, Sir Keith is also something of a softie. Faced with 
demands from nationalized industries such as British Steel or 
British Airways that they should be allowed to operate at a loss, 
Sir Keith’s heart has almost always melted and he has written 
them cheques (drawn on the British taxpayers’ account). If the 
universities are to win some relief from the 8.5 per cent reduction 
(over three years) in the direct subvention of universities, together 
with some redistribution of the hardship caused by the random 
consequences of the withdrawal of overseas students from the 
British university system, they had better put to him an appeal 
based ona blend of judicious argument and sob-story. This is how 
the case should be put. 

First, the market does not apply to higher education. The 
universities have been told, by the University Grants Committee, 
that they must reduce the numbers of students that they teach, but 
the numbers are arbitrary and nothing comparable has been said 
about polytechnics because the government has been late in 
setting up a mechanism for their control. The result is that 
potential students have been flocking to the polytechnics, fearing 
that the universities would have no room. The result may be that 
the public purse may not save, in this first disastrous year, even the 
mandatory subvention of student maintainance that it pays 
through local authorities. At the same time, students will finish up 
in places they would not have chosen. That, to some extent, has 
always been the case, given the grants committee’s habitual 
guidance on student numbers. So maybe the time has come to 
restore competition to the market for higher education by 
requiring that all institutions of higher education — polytechnics 
as well as universities — should charge even students from the 
United Kingdom full economic fees (defined by their own 
estimates of what these are, not calculated in Whitehall), using the 
cash thus liberated (say £1,000 million a year) to make sure that 
able students are not denied a chance of a decent education. In 
Short, the time may have come for making a start on financial 
independence of the universities and polytechnics from govern- 
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Chance for a change in universities 


ment, and for a recognition that its social obligation is towards 
students and not academics. ei 

Second, the universities must argue that the errors of the pa 
months are based almost entirely on ignorance. People 
outside higher education constantly complain that the universities. 
cannot change quickly enough, and it is true that some of themare Hae 
incapable of changing at all except when forced to do so. Buritis 
folly to suppose that individual institutions can change as rapidly 
as the University Grants Committee has reluctantly decreed that 
some must. To suppose that a university can contract by, say, a 
fifth in three years is to suppose that the interests of many of its. 
students (following three-year courses) can be neglected. The con- 
sequences of the random distribution of hardship through the: - 
system must, at the same time, ensure that academic teachers o 
suffer arbitrarily, and that the institutions themselves are often Bee 
robbed of the skills they can least spare. This is the sob-story of Se 
which Sir Keith must be told. It could melt all but the hardest 
heart. For what is now in prospect is that most institutions of 
higher education will be permanently damaged. 

Will the Committee of Vice-Chancellors, on whom the respon- 
sibility falls, have the courage to make these arguments? Only 
time will tell. The universities as a whole would prefer areturn to 
the happy days of old, when the University Grants Committee 
made sensible recommendations about the allocation of resources. 
and the government paid the bills. A substantial shift towards the 
concept of the financially autonomous university, dependent for 
its survival on its ability to attract students and research funds, 
would be unwelcome to those academics who would be offended 
that the principle of state-subsidized higher education had been 
breached. And academic life would become more tedious without 
a familiar grants committee to ensure stability. Whatever the : 
ideal, however, the immediate need is survival. And beggars are n 
not well placed to choose how they survive. ee 


A book for burning? 


Books rightly command respect, even affection. They are the 
products of sustained creative work, and even if their authors’ 
ambitions are not fully realized, find a niche somewhere as 
pebbles on the beach of scholarship and literature. And even bad i 
books should not be burned; works such as Mein Kampf have oo | 
become historical documents for those concerned with thes. 
pathology of politics. But what is to be made of Dr Rupert: 
Sheidrake’s book A New Science of Life, published in the summer 
(Blond and Briggs, London, 1981)? This infuriating tract has 
been widely hailed by the newspapers and popular science 
magazines as the ‘‘answer’’ to materialistic science, and is now : 
well on the way to being a point of reference for the motley crewof 
creationists, anti-reductionists, neo-Lamarckians and the rest. 
The author, by training a biochemist and by demonstration a » 
knowledgeable man, is, however, misguided. His book is the best 
candidate for burning there has been for many years. 

The argument is simple. If physicists cannot confidently 
calculate crystal structures or molecular configurations eb initio 
from a simple knowledge of their ingredient atoms, surely it is 
unthinkable that molecular biologists will be able accurately to 
relate the genetic structure of an organism to the successive 
phenotypes that arise during the course of its development? And 
the difficulty is not merely computational. Do not the cells of 
arms and legs contain exactly the same DNA, Sheldrake asks? 
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And how can it be that the very similar gen 
and chimpanzees give rise to very different phonotypes when, in 
Drosophila, much larger differences of genotype specify flies that 
are very similar in form? Sheldrake’s way of dealing with these 
and other observations is to borrow from embryology the vague 
notion of the morphogenetic field, the name given to the largely 
unidentified influences that give shape to a developing organism, 

and then to exalt this into a kind of universal agency. All 

`: aggregations of matter, animate or otherwise, are supposed to be 

i exposed to a great variety of morphogenetic fields which fill the 

-whole of space and which travel forwards in time. The effects of 

these morphogenetic fields (which are otherwise not described) 

_ are to ensure that particular aggregations of matter take on the 
form assumed by similar aggregations of matter elsewhere or at 
some earlier time. This is the ‘‘hypothesis of formative 

>. causation’? — the subtitle of the book. The inheritance of 

-< acquired characteristics is at a stroke explained. Jung’s collective 

<- unconscious is made inevitable. Instinctive animal behaviour 
becomes a non-problem, for there will be a morphogenetic field 

“that ensures that each set of neurones in each central nervous 
system is put into an appropriate correspondence. 

This argument would not be taken seriously were it not that 
others have done so. As things are, however, Sheldrake’s book isa 
splendid illustration of the widespread public misconception of 
what science is about. In reality, Sheldrake’s argument is in no 
sense a scientific argument but is an exercise in pseudo-science. 
Preposterously, he claims that his hypothesis can be tested — that 
it is falsifiable in Popper’s sense — and indeed the text includes 
half a dozen proposals for experiments that might be carried out 

to verify that the forms of aggregations of matter are indeed 

“moulded by the hypothetical morphogenetic fields that are 
supposed to pervade everything. These experiments have in 

<< common the attributes of being time-consuming, inconclusive in 

-<> the sense that it will always be possible to postulate yet another 

- morphogenetic field to account for some awkwardly inconclusive 
result and impractical in the sense that no self-respecting grant- 

_. making agency will take the proposals seriously. This, however, is 

not the most serious objection to Sheldrake’s attempt to endow 
his argument with an appearance of orthodoxy. The more serious 
objection to his argument is that it says nothing of any kind about 

~ the nature and origin of the crucial morphogenetic fields and con- 
tains no proposals for investigating the means by which they are 
propagated. Many readers wil! be left with the impression that 
Sheldrake has succeeded in finding a place for magic within 
scientific discussion — and this, indeed, may have been a part of 

the objective of writing such a book. But hypotheses can be 
dignified as theories only if all aspects of them can be tested. 

<c. Sheldrake’s hypothesis is no better than the hypothesis that a 
person equipped with a water-divining rod is able to detect 

“subterranean water as a consequence of some intervening ‘‘field”’ 

generated by the presence of water, and his proposals for 

-experimental tests no better than the argument that since water- 

diviners succeed in making money, there must be something in the 
theory. 

it is naturally distressing that these plain truths are not more 

widely understood. It is also a misfortune that the public 

‘expectation of what science can accomplish, now coloured by Dr 

_ Sheldrake’s argument, should so conspicuously lack patience. 

_ Sheldrake’s argument takes off from his catalogue of the ways in 

which the molecular biologists, no doubt the shock-troops of the 

reductionists, have so far been unable to calculate the phonotype 
of a single organism from a knowledge of its genotype. But so 
what? Have not the past twenty years shown clearly enough that 
molecular explanations of biological phenomena are, contrary to 
some earlier expectations, possible and powerful? And who says 
that molecular biology must be counted as a failure for as long as 
embryology is not a branch of mathematics? Dr Sheldrake, whose 

background should have enabled him to know better, has done a 

great disservice by helping to give currency to these miscon- 

ceptions and false expectations. His book should not be burned 

(nor even confined to closed shelves in libraries) but, rather, put 

firmly in its place among the literature of intellectual aberrations. 
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ld standard? 


President Ronald Reagan’s budgetary problems, not very 
different from those afflicting other governments in 
industrialized states, have nevertheless provoked a distinctively 
American and exceedingly curious response — the notion that 
present economic troubles might be made to go away by putting 
back the clock to 1971 and returning to the gold standard that was 
then abandoned. The proposal has surfaced on several occasions 
in the past few weeks, chiefly by means of hints or asides in the 
speeches of conservative economists and politicians. Last week, 
in a speech at Denver, Vice-President George Bush went so far as 
to say that this proposal should be seriously considered. He is 
clearly unaware that this stratagem for dealing with the economic 
problems of the United States is about as sensible as the proposal 
that fever should be treated by the immersion of the patient in iced 
water. 

None of this implies that the problems of the United States 
economy can be allowed to solve themselves. On the contrary, it 
has become clear in the past few weeks that radical measures of 
some kind have become essential. The essence of the problem is 
that, at a time of rapid inflation, the Administration is planning to 
spend more than its revenue. Official estimates are that in the 
present financial year, the deficit will approach $50,000 million, 
but both the Congressional Budget Office and the financial 
markets clearly believe that this estimate will be exceeded. So the 
Administration is hurriedly embarked on a process all too 
familiar in countries such as Britain — making last-minute 
adjustments to spending plans for the coming year and those that 
will follow. Mr Reagan now plans to reduce next year’s spending 
by $17,000 million, with larger cuts to follow in succeeding years, 
but the announcement of these plans has not steadied nerves in 
Wall Street nor brought interest rates (running at 20 per cent) 
down to the point at which industry will be encouraged to invest in 
the reinvigoration of the United States economy. The dilemma is 
depressingly familiar. 

There is no doubt that a return to the gold standard wouid 
superficially be beneficial. Once it has been agreed that those who 
hold dollar bills may turn them into gold whenever they choose to 
do so, the capacity of governments to outspend their revenues is 
strictly limited by their capacity to find more gold to stockpile. 
Breaking the rules of sound money management becomes strictly 
impossible. But there is no reason why governments should put 
themselves in such a straitjacket simply with the objective of being 
forced by external circumstances to behave in a way they 
recognize to be desirable when they could achieve the same result 
by pure reason — by the exercise of self-restraint — and need not 
then have to squander resources on acquiring gold. Moreover, 
the disciplines of the gold standard can be neediessly cramping. 
Even monetarists agree that there may be circumstances, at the 
end of a long slump for instance, when governments would be 
wise to spend more than they raise in the form of taxes. To be tied 
in monetary policy to an artificial standard is not merely a confession 
of failure but potentially disastrous. 

These are the reasons why Vice-President George Bush should 
not continue in public to speculate about the possibility that Fort 
Knox might be restocked with gold. If the Administration must 
have some crutch on which to lean in the months immediately 
ahead, it would be better advised to link the value of its currency 
to some quite different external standard, perhaps some short- 
lived exotic radioactive isotope whose permanent influence on the 
economy would be small. The trouble is that those holding dollars 
would be unwilling to trade their paper currency for such a 
material, In the circumstances, the Administration probably has 
no choice but to rely on the restraints that exist at present, the 
chief of which is the unwillingness of Congress to sanction the 
promised tax reduction, the planned increase of military 
expenditure and the reduction of welfare expenditure. That is why 
the present crisis in the United States economy has become a political 
as well as an economic embarrassment. With such obdurate critics, 
the Administration has no need of Fort Knox. 
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ESA forced 
to go solo 
for the Sun 


Washington 

European space officials have failed to 
dissuade the United States from making a 
substantial withdrawal from the Inter- 
national Solar Polar Mission (ISPM) 
planned as a joint two-vehicle mission 
between the National Aeronautics and 
Space Administration (NASA) and the 
European Space Agency (ESA). 

Faced with further severe cuts in space 
science programmes as part of the Reagan 
Administration’s attempts to balance the 
federal budget, NASA has decided not to 
ask for any provision in the 1983 budget for 
the spacecraft which NASA was to 
contribute to the joint mission. 

As a result of this decision, which ESA 
Director-General Erik Quistgaard was 
informed of by NASA administrator 
James M. Beggs two weeks ago, ESA has 
reluctantly accepted that it will have to fly 
its own space vehicle solo. Scientists will 
not now be able to obtain the hoped-for 
three-dimensional view of events on and 
around the Sun’s surface. ESA’s space 
advisory committee met in France last week 
to decide how it should proceed with a 
project on which over $100 million of 
European research funds has already been 
spent. 

Details of the budget for the 1983 
financial year, beginning on 1 October 
1982, have not yet been presented to 
Congress, but it is thought that the Office 
of Management and Budget has told the 
agency to plan for a total budget of about 
$5,000 million, $500 million less than the 
1982 figure — and, allowing for inflation, a 
sum that would represent a 20 per cent 
decrease in funding for space research and 
development. oo 

A political desire to protect the space 
shuttle from serious cuts would mean most 
cuts falling on the space science and space 
applications areas. With other pro- 
grammes now under threat, including in 
particular the Galileo mission to send an 
orbiter and probe to Jupiter in 1985 as well 
as the whole of NASA's Solar System 
exploration division, the prospects of 
reviving a substantial US involvement in 
ISPM are now almost non-existent. 

The Reagan Administration announced 
in March that, as part of the reduction in 
the 1982 budget, it proposed withdrawing 
the US spacecraft from the joint mission 
and reducing NASA’s contribution to 
support for US scientific experiments on 
board the European craft. NASA will, 
however, be providing launch, tracking 
and data retrieval facilities as arranged. 
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NASA space science prospects still gri 


The decision caused European space 
officials to protest that it was unilateral 
abrogation of the agreement between the 
two agencies which would not only reduce 
the scientific value of the mission, but also 
jeopardize the chances of future colla- 
boration in space science projects. 

in an attempt to salvage a dual- 
spacecraft mission, ESA had suggested 
that NASA could reduce its costs by 
ordering a duplicate version of the Euro- 
pean spacecraft, to be built by the same 
Star consortium with the German company 
Dornier as prime contractor. The cost 
would have been $40 million (with ESA 
underwriting any increase), rather than the 
expected $100 million for the vehicle which 
NASA was to have had built by TRW Inc. 

A mission with two identical vehicles, 
however, would have eliminated the 
coronograph and the X-ray/X-ray-UV 
imaging which the NASA design would 
have provided. A report prepared for the 
Congressional Appropriations Committee 
by an ad hoc panel of the National 
Academy of Sciences concluded that this 
option was less attractive than flying the 
ESA craft and a cheaper NASA spacecraft 
without the despun platform or imaging 
instrumentation; and that even the 
increased scientific return of the latter 
option was ‘‘not commensurate” with the 
increase in cost over flying the European 
spacecraft onits own. David Dickson 
Philip Campbell adds: Following a meeting 
last week, ESA’s scientific advisory 
committee has requested the agency’s 


Racy reforms due for 


The missionary zeal of the French 
government to reform the nation, 
preferably tomorrow, is not lost at the 
Ministry of Research and Technology. A 
few days ago the principal research 
agencies, such as the Centre National de la 
Recherche Scientifique (CNRS), were 
officially given three weeks (until 1 
October) to make a claim for a place in a 
four-year programme of research, encom- 
passing most of the billion-pound budget 
of the ministry. 

At the same time, the minister an- 
nounced that he was embarked ona “deep 
reform” of the CNRS, and won a 50 per 
cent increase in the budget of ANVAR, the 
Agence Nationale pour la Valorisation de 
la Recherche, which supports fledgling 
innovation in French industry. (ANVAR 
could do with more support it seems — 
recent figures showed new French patents 
last year amounting to only 1.7 per cent of 
the world total, compared with 4 per cent in 
1975.) | 

Admittedly, the research agencies need 
only submit outline budgets, staff require- 
ments and research programmes — but the 
timetable gives little room for manoeuvre. 
Then on 7 October the regional meetings of 



















board of national delegates to endorse the 
continuation of the trunca 
International Solar Polar Missio 
NASA's decision not to continue with t 
development of its spacecraft reduces on 
some of the uncertainty surrounding t 
project. ESA’s spacecraft (which will car 
nine experiments including six wi 
principal investigators from the Un 
States) depends on NASA’s upg: 
Centaur vehicle for its launch from t 
space shuttle. But the development of t 
Centaur launcher, also to be used in 
NASA’s planned Galileo mission to 
Jupiter, is itself in doubt because theo 
Galileo mission is under scrutiny as a result 
of budgetary pressures. : 

If the continuation of the European half 
of the solar polar mission is endorsed, ESA 
will continue to develop its spacecraft fora 
1983 launch, despite the fact that NASA ige 
working towards a launch in 1986. ESA's- 
shorter timetable will minimize costs. and, _ 
although the agency is prepared to put its” : 
vehicle into cold storage, it hopes to persuade 
NASA to bring forward the launch date; 
Centaur development permitting. 

The two spacecraft were designed with 
only four experiments in common. ESA 
does not have the funds to rescue other 
experiments that were unique to the NASA 
vehicle. Although no specific “reprisals” 
have been announced, it is expected that — 
NASA’s decision not to continue with the 
solar polar mission will severely damage 
prospects for future collaboration in space 
between Europe and the United States, 





French research 


a ‘‘National Colloquium” on science and ~ 
technology will begin, with the position — 
papers of the agencies in hand. The full 
colloquium is due in Paris in mid-January; 
and, according to the minister, Jean-Pierre 
Chevènement, that colloquium will finally 
decide the lines of the four-year lot pra- 
gramme which will define France’s 
research commitments to 1985. (Previously 
the rigid form of a /oi programme — which 
fixes budgets, staff and strategy by law for 
a long period — has been used only by the 
Ministry of Defence; Chevénement hopes 
to apply it to research.) : 
However, it is unlikely that such a broad 
forum will do other than given Chevéne- 
ment plenty of room to define his own pro- — 
gramme, taking account of the political 
factions which will emerge out of the 
scramble of the next few months. 
Chevènement has already started to 
undo the reforms of CNRS instituted in 1979 
by the minister of the universities of the 
previous government, Madame Saunier- 
Seite. She saw fit to remove the right of 
technicians and administrators to be 
elected to the Comité National — a kind of 
scientists’ ‘‘parliament’’ of CNRS, unique 
among Western research agencies. But the 
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Comité has important powers — such as 
over whether unsuccessful laboratories 
should be closed, or new ones opened — 
and the technicians’ and administrators’ 
union, affiliated to the communist-led 
CGT, has been campaigning ever since for 
its voice to be heard again in that forum. 
Chevénement agrees, and hasty changes 
are being made in order to allow 
technicians and administrators to attend 
the autumn meeting of the Comité. Beyond 
that, there must be a reform of CNRS 
statutes, which will probably wait for the 
National Colloquium; but the reform will 
be thorough, and could even involve the 
abandonment of the present two-tier 
directorship of CNRS, which has a 
scientific president and an executive 
director with overlapping responsibilities. 
In a further move, the Ministry of 
Research and Technology has begun to 
appoint its own staff. They will be 
organized in missions d'orientation, 
concerned with the various goals of 
Chevénement’s policy. Directors have 
been named for four. ‘‘Renewable energy 
and conservation’ will be headed by 
Philippe Chartier, an expert in biomass 
from the Institut National de la Recherche 
Agronomique; ‘‘biotechnology”’ by Pierre 
Douzou, an ex-professor at the Museum of 
Natural History; ‘‘electronics’’ by Abel 
Farnoux, a television-tube manufacturer; 
and ‘“‘employment and the conditions of 
work’’ (a matter of great concern to 
Chevénement, and the government as a 
whole) by an ex-cabinet maker and present 
assistant lecturer on working conditions at 
the University of Paris IV, Albert Detraz. 
Robert Walgate 


British universities 


Job losses inevitable 


News is emerging from British 
universities on how they plan to contract 
along the lines indicated by the University 
Grants Committee early in August. Not 
surprisingly, those universities singled out 
for the largest cuts in their recurrent grants 
over the next three years are among the first 
to react. Some estimate that they need to 
lose between 50 and 150 academic posts 
and up to 450 non-academic posts. 
Although all concerned hope that posts can 
be lost through early retirement and 
voluntary redundancy, it seems that 
compulsory redundancies are inevitable. 

The biggest problem for universities 
singled out for cuts in income of more than 
20 per cent is that action needs to be taken 
quickly. The senate of Brunel University, 
for example, is this week considering a 
report from a working party which 
recommends losing 110 non-academic 
posts, preferably by the end of this year, 
and 50 academic posts by April 1982. 

The University of Aston in Birmingham, 
which says that it must do away with 150 
academic and 450 non-academic posts to com- 
ply with the grants committee’s wishes, has a 
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The University of London, which has 
been agonizing over its future 
organization for some time, has now set 
up four subject review committees to 
advise on the resource allocation most 
likely to maintain high academic 
standards. This move comes just a few 
weeks after the university court told the 
constituent colleges how much money 
they will have to spend in the current 
academic year and shortly before the 
Committee on Academic Organisation, 
under its chairman Sir Peter Swinnerton- 
Dyer, is due to issue its final report on 
how the university should be re- 
constructed. 

The committees, which have been 
established too late to have much bearing 
on this vear’s allocations, have 
nevertheless been charged with the task of 
reporting quickly. The hope is that 
recommendations made early in 1982 can 










similar problem. Its decision last week to 
inform the Department of Employment 
that 95 staff will be redundant within a 
month aroused strong opposition from the 
Association of University Teachers, the 
academics’ trade union, which threatened 
to take the university to court at the first 
hint of compulsory redundancy. The 
university administration claims that these 
redundancies are for non-academic staff 
who have already opted to take early 





William Shelton, MP for Streatham in London, who 
has replaced Neil Macfarlane as Britain’s Under- 
Secretary responsible for science in the Department 
of Education and Science 


retirement or voluntary redundancy with 
compensation of up to nearly three times 
annual salary, but compulsory re- 
dundancies seem inevitable sooner or later. 

Other universities, however, are taking it 
a bit more slowly. The University of 
Bradford plans to meet its 30 per cent drop 
in income by 1983-84 by losing between 
150 and 180 academic staff over three 
years. Consultations between the senate 
and heads of departments should result ina 
strategy by December. 

Universities with more modest cuts in 
income are also taking more time, some of 


London to respond with more committees 


















be used in shaping the university to its 
reduced grant in future years. 

The move may also provide alter- 
natives to the recommendations made by 
the Swinnerton-Dyer committee in its 
interim report. Those included the 
unpopular suggestion that Chelsea 
College be closed and that some of the 
smaller colleges should merge. 

Four independent chairmen have been 
appointed to the committees whose 
detailed membership will be announced 
later. The committees are on physical 
sciences, under the chairmanship of Sir 
Sam Edwards from the University of 
Cambridge; biological sciences, under Sir 
James Beament of the University of 
Cambridge; languages under Professor J. 
Cruickshank from the University of 
Sussex; and social studies under Sir Alec 
Cairncross of the University of Oxford. 
Judy Redfearn 


them hoping to get by without compulsory 
redundancy. The University of Cambridge 
plans to shed 100 academic posts by 
lowering the compulsory retirement age 
from 67 to 65 years and by filling only 
essential posts that fall vacant. It plans to 
make further savings by, amongst other 
things, abolishing a student travel fund, 
curtailing sabbatical leave and abolishing 
examiners’ fees. And at the University of 
Bristol, where it has been suggested that 
academics take a cut in salary, no decision 
has yet been taken. Much still needs to be 
resolved, however, before the future shape 
of the British university system becomes 
clear. During the next few weeks, 
universities will be presenting the grants 
committee with detailed plans, some of 
which will go against the committee’s 
orginal advice. The University of Bradford, 
for example, would prefer to cut its physics 
and chemistry departments rather than 
biology. And the University of Leeds plans 
to make cuts across the board before 
resorting to selective cuts between 
departments. 

Some universities are clinging to one last 
hope: that Sir Keith Joseph, new Secretary 
of State for Education and his new Under- 
Secretaries, William Waldegrave for 
higher education and William Shelton for 
science, can be persuaded to give the 
universities more time. Judy Redfearn 


Polish universities 


Poised to strike 


Solidarity members at Krakow’s 
Jagiellonian University and the nearby 
Mining and Metallurgical Academy 
(AGH) have declared a state of ‘‘strike 
readiness” in protest against unilateral 
amendments by the Ministry of Science, 
Higher Education and Technology to the 
new draft law on higher education. Many 
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other universities and colleges throughout 
Poland have reiterated the anger of the 
academic community at what one protest- 
or called the ‘‘outrageous’’ amendments. 
Both the new Independent Students’ 
Association (NZS) and the ‘‘old’’ Socialist 
Union of Polish Students have issued 
protest statements, but because of the 
summer vacation, so far only the AGH 
students have had the chance to organize 
any action (their chapter of NZS has also 
declared ‘‘strike readiness’’), NZS is still 
hoping for the situation to be resolved by 
negotiation. However, if necessary, it 
would take areferendum of its members on 
possible strike action as soon as the 
universities reconvene. 

Dr Michal Pulawski, an assistant 
lecturer at the Jagiellonian University and 
chairman of its Solidarity chapter, who 
actually declared the alert, was interviewed 
on Polish radio last week. He again stressed 
that the Krakow academics hoped that 
commonsense would prevail and a strike 
would not be necessary. Nevertheless, he 
Said, the proposed amendments — 
introduced in spite of the ministry’s 
pledges to submit the bill to the Sejm 
(parliament) without further changes — 
would fundamentally alter the law. They 
relate, he said, to the financing of higher 
education, the right of higher educational 
institutions to teach a plurality of world 
views, and the ways of hiring and 
dismissing the employees of higher 
educational establishments. (The latter is a 
sensitive issue in Poland, where the 
academic purges of 1968 were a grim 
experience for the younger generation of 
intellectual activists. ) 

The academic community was 
particularly indignant, Pulawski said, 
about the way the changes had been 
introduced ‘‘without consultation and 
without discussion’’. Indeed, a back-up 
message from the Solidarity chapter at 
Krakow Polytechnic suggested that the 
ministry had deliberately tried to rush 
things through, granting the academics 
“barely one week” to make their stance 
known. Since strike readiness was declared 
at Jagiellonian University and AGH, talks 
have been resumed. Last week, meetings 
included a discussion of the controversial 
amendments between Professor Hieronim 
Kubiak, a secretary of the Central 
Committee of the Polish United Workers’ 
Party. and the various university rectors, 
many of whom have been elected by the 
new democratic procedures which the 
amendments would, presumably, negate. 
During a lively encounter between the 
minister Dr Jerzy Nawrocki and journalists 
from the Club of Educational Publicists, 
Dr Nawrocki seemed to be preparing for a 
partial climb-down on the amendments. 
Nothing was final, he said; his ministry 
would ‘‘shortly’’ be considering all the 
views expressed, and would be starting a 
new round of discussions with the relevant 
trade unions and student organizations. 

Vera Rich 
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Belgian nuclear energy 


Safety in question 


Brussels 

Serious failings in Belgium’s nuclear 
safety policy have been brought to light ina 
new report. Commissioned by the Belgian 
government from the European Com- 
mission pool of nuclear experts, the report 
describes as ‘‘unhealthy’’ the manner in 
which the new plants Doel 3 and Tihange 2 
are being constructed. 

The report points out that in Belgium no 
safety survey is carried out on a nuclear 
power station until shortly before the plant 
goes active. By this time any outside expert 
advice is virtually useless, for either the 
plant cannot be altered, or at best only an 
uneasy compromise can be reached. 

Ironically, the Belgian government had 
promised to tighten up nuclear power 
security following the Three Mile Island 
accident, but little has happened since 
then. The European Community experts 
now propose that Belgium should adopt 
the American procedural system whereby 
constructors of a nuclear power station 
must submit an initial safety study on 
which outside experts can suggest 
improvements. Then, before the plant goes 
into operation, a second study is carried 
out to demonstrate that the existing safety 
regulations and the new recommendations 
have been adhered to. 

So far the Belgians have rejected this 
approach on the grounds that it takes too 
long and is too complicated. 

The nuclear power industry’s problems 
do not stop there. The International 
Atomic Energy Authority has already 
reprimanded Belgium for not engaging the 
50 personnel it considers necessary to deal 
with matters of nuclear safety. The 
environmental group, Greenpeace, has been 
trying to stop vessels leaving Zeebrugge 
harbour with nuclear waste. And the 17 
technicians at present working in Belgian 
plants are now threatening to go on strike 
because of a dispute over how the power 
Stations are being run. 

The workers are employed by a private 
company, Vincotte, which the Belgian 
socialist parties are trying to have replaced 
by a public authority. The Belgian 
government has been unable to reach 
agreement on this point and instead last 
month created two new departments in the 
Ministry of Work and Employment and 
the Ministry of Public Health, with 
responsibilities including the supervision 
of the work done by Vincotte. The money 
for this would come out of a special tax on 
the electricity produced. 

This arrangement has so incensed the 
technicians at Vincotte that they have given 
notice of their intention to down tools. 
Furthermore, Vincotte’s director has 
Stated publicly that all power has now 
passed into the hands of those who do not 
have the necessary knowledge. 

Jasper Becker 








Change at OSTP 


President Reagan's science adviser, Dr 
George A. Keyworth, has announced the 
reorganization of the Office of Science 
and Technology Policy (OSTP), which he 
heads. Two of the three previous 
associate directors under Dr Keyworth’s 
predecessor, Dr Frank Press, will be 
Staying on. Dr Benjamin Huberman, 
previously associate director for national 
security, space and international affairs, 
becomes deputy director of OSTP. And 
Dr Dennis Prager, who had been 
associate director for human resources 
and social and economic services, 
becomes assistant director for life science 
and institutional relations. 





Keyworth — a busy man at home as well as abroad 
(see p.251) | 


Four others have been appointed as 
assistant directors — John Marcum 
(energy and natural resources); Victor 
Reis (national security); Edward 
McGaffigan (international affairs); and 
Douglas Pewitt (general science). Major 
Thomas Johnson has been appointed a 
special assistant to Dr Keyworth, and is 
expected to be involved in issues 
concerning military technology. 

David Dickson: 


US science policy 


Room at the top 


Washington 

Members of the National Science Board 
(NSB) — the group of scientists appointed 
by the President to be responsible for the 
policies of the National Science 
Foundation (NSF) — have begun to debate 
whether they should play a more active 
role in national discussions on science and 
technology policy, urged on by their 
chairman, Dr Lewis Branscomb. Chief 
Scientist at IBM, and at one time w idely- 
tipped as President Carter’s science 
adviser, Dr Branscomb has made little 
secret of his feeling that, rather than 
concern itself strictly with the research and 
education programmes supported by the 
foundation, the board should tackle 
broader policy issues such as the health of 
US technology and science and engineering 
education in general. 
Other members of the board are less cer- 
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tain about expanding their role. Attending 
their monthly meeting in Washington last 


s Friday, they were reluctant to declare 
themselves in favour of Dr Branscomb’s 
_. ideas, preferring instead to refer them both 


~~ to NSB committees and to officials of the 


foundation for further consideration. 

Since their formation shortly after the 
Second World War, both board and 
foundation have been the focus of a broad 
debate over whether they should limit their 
interest to the basic research programmes 
for which they shared responsibility; or 
whether to occupy a more prominent 
position in national discussions on 
directions for US science and technology. 
Two factors in particular seem to have 
rekindled this debate. First, the apparent 
decision by President Reagan’s science 
adviser, Dr George A. Keyworth HI, not to 
resurrect the President’s Science Advisory 
Board (PSAC) which performed this 
broader political role in the 1950s and 
1960s until it was abolished by President 
Nixonin 1973. And second, the feeling that 
the Office of Science and Technology 
Policy (OSTP) is so closely tied to the 
executive responsibilities of the White 
House that it has little time to think about 
long-term Strategies. 

The discussion has been catalysed by a 
report being prepared for Dr Branscomb 
by Dr Philip Smith, previously an associate 
administrator of OSTP, and recently 
appointed executive officer to the National 
Academy of Sciences. Addressing the 
board members at last week’s meeting, Dr 
Smith said that NSF in particular was in a 


stronger position than in the past. ‘The 
NSF has become a big and mature organ- 
ization which is respected throughout the 
world”, Dr Smith said. ‘The time has 
come to think in terms of what the next 
steps are for the NSF as an institution; it is 
an opportunity to reform the foundation 
and to keep it alive.” 

Areas in which he suggested that a strong 
policy initiative might be of value included 
science and engineering education. 

Among the more sceptical board 
members was its vice-chairman, Dr 
Herbert Doan, chairman of a venture 
capital company and a director of Dow 
Chemical. He suggested that broad policy 
statements were of little value without the 
authority to carry them out. 

There was also reluctance by NSF 
director Dr John Slaughter to be swayed by 
Dr Branscomb’s vision. He suggested that, 
rather than discussing the roles of the 
board and the foundation the emphasis 
should be on improving efficiency. 

But Dr Branscomb was insistent. “I 
would urge the director fof NSF] not to 
underestimate the prestige of his office and 
the impact that he can have,” he said. Dr 
Branscomb emphasized that he was not 
suggesting that NSB could, or should, take 
on the mantle of PSAC. But he supported 
Dr Smith's contention that many 
professional research societies and 
industrial research organizations ‘‘are 
looking for some entity on the Washington 
scene to provide leadership that has been 
lacking in recent years”. 

David Dickson 


Bazan explains escape from Argentina 


Dr Nicolas Bazan, a leading expert on 
epilepsy, has now made known the 
circumstances surrounding his dismissal 
last March from his posts as director of 
the Argentinian Institute of Biochemical 
Research at Bahia Blanca and of Pro- 
fessor of Biological Biochemistry at the 
University of the South (see Nature 14 
May, p.100) Professor Bazan explained 
his situation to fellow neurochemists 
while visiting Britain for the Inter- 
national Neurochemistry Conference in 
Nottingham, which included a special 
session on the state of academic freedom 
and human rights in South America. 

Dr Bazan was informed of his dismissal 

last March. The letters of dismissal were 
dated 30 December — the day before 
emergency legislation empowering the 
government to make such dismissals was 
due to expire. Dr Bazan, however, 
suggested that the dismissal notices had 
been back-dated, since, in the intervening 
period, he had been allowed to travel to 
the United States for a meeting of the 
American Society of Neurochemists, and 
foreign travel is not normally permitted 
to Argentinian academics in bad standing 
with the government. 


Dr Bazan stressed that he had never 
taken part in any political activities, 
although some years ago he had written 
letters on behalf of a professor dismissed 
improperly. He said that true academic 
life is now impossible in Argentina, and 
any independence of thought among 
academics is seen as a dangerous 
symptom. 

In a country where dismissals, deten- 
tions without trial and ‘‘disappearances”’ 
are a regular feature of political life, Dr 
Bazan was an exception in that his case 
evoked protests not only from fellow 
academics at home and abroad but also 
from several leading Argentinian 
newspapers, in particular the daily E/ 
Clarin. The Minister of Education, who 
had signed the dismissal order, declined to 
reply to these protests, except by hints that 
the decision was motivated by considera- 
tions of ‘‘national security’’. 

Although the Argentinian Academy of 
Sciences held a meeting of support for Dr 
Bazan in early June, the build-up of press- 
ure and intimidation against him in- 
creased, and at the end of June, he and his 
family had to flee the country. 

Vera Rich 


Cigarette smoking 


Hope for habitués 


Making cigarettes a more effective 
means of delivering their main 
pharmacological agent, nicotine, is the 
latest suggestion from the Tobacco 
Advisory Council for reducing the health 
risks of smoking. 

A new publication, Monograph on the 
Pharmacology and Toxicology of 
Nicotine, sets out to examine the properties 
of nicotine itself rather than nicotine plus 
the various other components of cigarette 
smoke. The authors conclude that at the 
levels present in cigarette smoke nicotine is 
less toxic than many of the other smoke 
components, and that there is no 
conclusive evidence that nicotine 
contributes to the carcinogenic potential of 
cigarette smoke. 

The trend towards lower tar and lower 
nicotine cigarettes does seem to be 
associated with a reduced death rate due to 
lung cancer. But many smokers sub- 
consciously adjust their smoking patterns 
to restore their nicotine intake to their 
previous accustomed dose. So for them at 





least, low-tar but medium-nicotine 
cigarettes might be the ‘‘cleanest’’ way of 
obtaining the dose of nicotine they feel they 
need, while minimizing the amounts of 
carcinogens and other toxins that they take 
in. So this new report should encourage 
cigarette manufacturers to continue 
looking for ways of increasing the amounts 
of nicotine that can be squeezed into a 
cigarette without increasing tar levels — a 
task that so far can only be done using 
rather expensive techniques. 

Although reaffirming the notion that no 
cigarettes are safe, anti-smoking 
proponents are unlikely to take exception 
to the idea of finding a new balance of 
ingredients that may put confirmed 
smokers slightly less at risk than they are 
now. But the Tobacco Advisory Council 
monograph does include some points likely 
to be hotly disputed. For instance, 
although the medical profession is 
adamant in saying that pregnant women 
should not smoke, the authors state 

«evidence is available showing that 
maternal smoking is not associated with the 
risk of developing fetal malformations’. 
Strictly true that may be, but maternal 
smoking is associated with reduced fetal 
growth and low birth weight, increased 
spontaneous abortion, complications in 
pregnancy and increased perinatal 
mortality. Charles Wenz 


@ Monograph on the Pharmacology and 
Toxicology of Nicotine by A.J. Cohen SES Cy 
Roe is published by the Tobacco Advisory 
Council, London, at £5.00. 
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Religion and science 


A group of British scientists (who are also 
Christians) is trying to help the Methodist 
Church educate its congregation on some 
moral issues of science and technology 
policy. Last week the group published a 
controversial document to guide the 
church in its task. 

The document, called Shaping 
Tomorrow, is essentially a statement of 
how scientists working in several 
different fields reconcile their work with 
their faith. Topics it tackles include 
nuclear energy policy, the electronics 
revolution and its impact on employment 
and the implications of advances in the 
life sciences for the ethical issues 
surrounding human reproduction. The 
idea, according to Mr Edgar Boyes, vice- 
principal of Luton Industrial College and 
editor of the document, is partly to 
provide lay people with facts and partly to 
put on record the moral judgements of 
Scientists who are enthusiastic about 
technology and are also Christians. 

The idea for the document originally 
came from scientists working at the 
United Kingdom Atomic Energy 
Authority who felt that a grass-roots 
response was needed to counter certain 
anti-technology statements made by the 
clergy. Scientists who are also Christians, 
they felt, could help the church out of its 
confusion by providing facts on techno- 
logical issues and by explaining why they 
felt justified in pursuing both their careers 
and their faiths with clear consciences. 

Although the document is a Methodist 
Church publication, the clergy have not 
greeted it with unanimous approval. In 
particular, the section on nuclear power is 
proving contentious. The scientists admit 
that they have not taken into account 
judgements contrary to their own but 
believe that bias may be the key to the 
document’s success in Stimulating serious 
discussion. Debates amongst small 
groups are already planned in Luton 
Industrial College and, the scientists 
hope, churches throughout the country 
will soon follow suit. Judy Redfearn 




























Third World support 
US policy emerges 


Washington 

The US State Department seems to have 
given its tentative blessing to a new 
initiative being promoted by seventeen 
developing and so-called ‘‘middle-tier’’ 
countries to support the growth of science 
and technology in the Third World. 

Their goal is to find a way of matching 
three components: the scientific, technical 
and institutional needs of the world’s 
poorest nations; the knowledge and know- 
how that has already been built up by 
industrialized countries; and access to 
public and private capital in both these and 
the oil-producing nations. 


m 
0028-0836781 7390251 -01501.00 


But bending to economic and political 
realities, the hope is that this can be done 
without provoking the conflicts and con- 
frontations which accompanied recent 
efforts to carry out the same task in the 
name of the new International Economic 
Order — and which have subsequently 
fallen victim to the stalemate in North- 
South negotiations illustrated by last 
months United Nations Conference on 
New and Renewable Sources of Energy in 
Nairobi. 

Earlier this year a delegation of ministers 
and civil servants responsible for national 
science, technology and economic develop- 
ment policies from ten of the nations 
visited several oil-producing countries — 
including Saudi Arabia, Kuwait, the 
United Arab Emirates, Nigeria and 
Venezuela — to enlist their support for this 
new approach (Nature May 14, p.103). 

Following the apparent success of this 
mission, an expanded delegation headed by 
Minister Ben Dhia of Tunisia visited 
Washington last week for what were later 
described by its members as ‘‘very 
productive” talks with State Department 
and other Administration officials. 

Well aware that requests for increased 
foreign aid are unlikely to generate any 
sympathy from the Reagan Administra- 
tion’s budgeteers — or, indeed, from 
Congress — the delegation is said to have 
played down this part of their proposal. 
However, the State Department seems to 
have been more interested in those aspects 
of the new initiative which coincide with its 
own view that technical assistance to 
developing nations has an important con- 
tribution to make towards national 
security through reducing political and 
economic instability in these countries. 

In line with this approach, President 
Reagan’s new science adviser, Dr George 
A. Keyworth, visited Mexico two weeks 
ago to discuss increased collaboration with 
the United States in a range of scientific 
and technological areas, including 
agriculture, energy, remote sensing and 
basic sciences. 

Dr Keyworth’s visit was aimed primarily 
at reviewing the status of projects initiated 
under an agreement set up by President 
Carter. However, a communiqué issued 
after a meeting with Dr Edmundo Flores. 
head of the National Council for Science 
and Technology (CONACYT), em- 
phasized that the goal of the meeting had 
been to agree on ‘‘mechanisms and 
procedures for the period 1981 to 1983 that 
adapt the scientific cooperation to the 
general objectives of bilateral cooperation 
recently defined by President Ronald 
Reagan and [Mexican] President José 
López Portillo.” 

Following their visit to Mexico, the 
ministerial delegation flew to Bonn for 
discussion with German government 
officials, and subsequently to Paris and 
Brussels for talks with the European 
Economic Community. The immediate 
goal is to produce a common position 


among the developing countries themselves 
on their principal needs in building up their 
scientific and technical capabilities in a 
form that can be agreed on at a general 
ministerial meeting being hosted by the 
Venezuelan government in Caracas early 
next month. 

After that, the next formal step would be 
to present the proposals to the Second 
Committee of the United Nations General 
Assembly, which meets in New York in 
November. This committee must decide 
what to do about the Interim Fund for 
Science and Technology, set up on a two- 
year basis under the auspices of the United 
Nations Development Programme 
(UNDP) at the Vienna Conference, whose 
mandate will technically run out at the end 
of December. 

Before the committee meets, however, it 
is widely expected that any proposals 
agreed to in principle in Caracas will be 
made known to the heads of state attending 
the summit meeting on North-South issues 
taking place at the end of October in 
Cancun, Mexico, at the invitation of 
President López Portillo — and with the 
expected attendance of President Reagan. 
If this meeting turns out to be successful, 
those who have been developing the new 
science and technology initiative — 
including officials from UNDP — hope 
that it may prove to be the right size and 
shape to be endorsed by both developed 
and developing nations. 

David Dickson 


Karl Marx — PhD 


The Friedrich Schiller University of 
Jena (GDR) recently discovered new 
documentary evidence about the award- 
ing of a Doctorate in Philosophy to Karl 
Marx. A university archivist stumbled on 
an entry relating to Marx’s degree in the 
records of the Philosophy Faculty for 
1841 which has apparently been 
overlooked by all the biographers and 
collators of Marx, including the 
compilers of the Complete Works of 
Marx and Engels. A fascimile of the entry 
will be reproduced in a history being 
published to coincide with the 
university’s 425th anniversary in 1983. 

Vera Rich 
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atent share-out 
Sig — There is an important omission in your 
reports (Nature 13 August, p.573) on the 
patents applied for by Stanford and the 
University of California at San Francisco, 
based on the work of Cohen and Boyer. The 
provisions in the patent are an advance over 
the previous manifestations of the academic- 
tioindustrial complex, but there is no 
consideration of the nature of scientific research. 

Scientific research is the outstanding 
example of an endeavour in which the end 
result by one group of scientists at any one 
time is the culmination of previous research 
and papers by many others. 

What then is patentable? Is it (1) the result 
which lends itself to commercial exploitation, 
or is it (2) all the previous results along that 
line of inquiry? Under patent law, the two 
universities can obtain a patent under (1). I 
maintain that the basic ethos of the scientific 
community requires that the patent should 
include (2) — all the previous work and the 
scientists who did the work. So why should the 
two universities concerned be sole beneficiaries 
of the patent when, without the other research 
going on in that same line of inquiry at other 
institutions, Cohen and Boyer would never 
have been able to do their work? 

The monetary gains for the patent (if any) 
should not benefit only the two universities 
but the whole scientific community. What I 
therefore suggest is that a universities research 
fund be set up, by ali the institutions at which 
broadly-based biological research is going on. 
The administrators of the fund could set the 
ground rules for membership and for the 
allocation of monies gained through members’ 
research activities between member institutions. 

Only in this way can we preserve that 
peculiar institution, science, in which the 
whole is greater than the sum of its parts; in 
which all labour, or should labour, for the 
glory of the whole; in which the resultant 
scientific knowledge, not money, nor personal 
glory, is the ultimate goal, an institution which 
has become the hallmark of Western culture 
and which reflects the yet unknown 
capabilities of the mind of man. 

PHILIP SUEKEVITZ 
Rockefeller University, New York, USA 


+ * o 

Anti-anti-‘‘racism’’? 
Sir — i certainly do not want to ascribe to 
Professor Rose, or anyone else, views that 
they do not hold, and would like to apologize 
to him if I have done so. But there is now, Í 
think, a serious possibility of clearing the air. 
As Professor Rose (Nature 23 July, p.286) 
apparently does not subscribe to the opinion 
that, within the context of the sociobiology 
debate, there are no significant genetic 
differences from place to place within our 
species (and by implication, that there are no 
behavioural genetic differences between 
individuals), then perhaps he would be willing 
to say that there might be such differences. 
Since nobody in their right mind would call 
Professor Rose a racist, a statement of this 
kind from him would have the beneficial effect 
of lowering the temperature in the scientific 
debating chamber. 

J.R.G., TURNER 
Department of Genetics, 
University of Leeds, UK 











Consider, please 


Sir — It is a noticeable and frequent 
occurrence at conferences that many people 
arrive late, enter or leave in the middle of 
presentations, or depart early, frequently with 
considerable insensitivity to the speakers and 
others attending the sessions. The practice is 
prevalent at conferences with simultaneous 
(often asynchronous) sessions and is possibly 
on the increase, though observations at the 
British Association meeting in York recently 
preclude the conclusion that the young are 
responsible; the lead was disquietingly 
apparent from older generations at the BA 
meeting, and gives cause to doubt some of the 
hopes for the future of the BA that you 
expressed in your editorial (Nature 3 
September, p.1.) 

Is it not time for individuals and conference 
organizers to work towards some behavioural 
conventions bearing in mind, though perhaps 
falling short of, that which prevents someone 
who is as little as five minutes late for Don 
Giovanni from seeing the entire first act? 

MARTIN DAVIES 
University of York, UK 


Professor Neurath 


Sir — Your article ‘German cancer research: 
Politics ousts science” (Nature 20 August 
1981, p.665) is beset with so many inaccuracies 
and misrepresents the situation in such a 
deplorable manner that I must ask you to 
publish the following rebuttal: 

(1) It is incorrect to state that I was 
previously Professor of Biochemistry at the 
University of Washington and that I have 
“only been scientific advisor to the University 
of Seattle”. | was in fact founding chairman 
of the Department of Biochemistry of the 
University of Washington, from 1950 until my 
administrative retirement in 1975, and 
thereafter I have been Professor of 
Biochemistry and Associate Director for 
Scientific Affairs of the Fred Hutchinson 
Cancer Research Center in Seattle, one of the 
recognized 21 comprehensive cancer centers in 
the United States. Your cursory and pejorative 
description of my professional career reveals a 
bias which characterizes much of the 
remainder of your report. 

(2) It is incorrect to say that the other 
directors of the institutes of the German 
Cancer Research Center were not consulted 
about my appointment. Rather, my 
appointment was approved by the 
Wissenschaftlicher Rat (the internal scientific 
advisory board) to whom ali 8 institute 
directors belong as voting members, and the 
Kuratorium (board of trustees), following the 
statutory process of appoinment. 

(3) It is not true that the institute pays for 
my villa. In fact 1 am paying rent for use of a 
house which the German Cancer Research 
Center, with financial aid from a private 
philanthropic foundation, has rented for that 
purpose. Finally, although the annual budget 
of the German Cancer Research Center has 
been correctly quoted as approximately DM79 
million, this sum cannot, even under the most 
extreme imaginable exchange rates, be equated 
with $1,817 million, as stated in your report. 

Your entire article represents such shoddy 
reporting that these inaccuracies alone, 
including the misquoted name of the Ministry 


Director Dr Wolfgang Finke, should convince 

even the least informed reader of Nature of 

the bias and lack of credibility of this report. 
H. NEURATH 


German Cancer Research Center, 
Heidelberg, FRG 


Sir — Your note on German cancer research 
“Politics ousts science” (Nature 20 August, 
p.665) contains some erroneous statements 
which I should like to correct: 

(1) The German Cancer Research Center in 
Heidelberg is not ‘‘centrally administered by 
the Bundesministerium fiir Forschung und 
Technologie (BMFT)’’, but is an independent 
public foundation according to the laws of the 
federal state of Baden-Wiirttemberg. It has its 
own board of directors; a Kuratorium serves 
as supervisory body; scientific advice is given 
by an external committee with 12 members 
and an internal committee with 16 members. 
However, 90 per cent of the financial 
contributions to cover the costs of the centre’s 
regular investments and operations are 
provided for by the BMFT, the remaining 10 
per cent come from the federal state of Baden- 
Wiirttemberg. The federal and state 
governments together have a veto power only 
in financial but not in scientific matters. 

(2) Professor Neurath was unanimously 
elected as chairman and scientific member of 
the board of directors by the Kuratorium in 
December 1979 after he had been placed at the 
top of a list of three candidates by the internal 
scientific advisory committee with 10 of its 16 
votes (which include all the directors of the 
eight institutes of the centre). 

(3) Professor Neurath, before coming to 
Heidelberg, had not only been professor of 
biochemistry at the University of Washington 
in Seattle but also director for research (not 
“only advisor’) at the Fred Hutchinson 
Cancer Research Center there. He had never 
“demanded that the institute pay for a villa” 
and his annual salary was not DM 167,000 — 
but considerably less. 

(4) Professor Neurath did not reject the 
multidisciplinary, clinically oriented approach 
of the centre and he did not, with my alleged 
support (my name being misspelled in your 
article), propose ‘‘to cut back on activities 
such as nuclear medicine and chemotherapy”. 
What he proposed was in the long run to 
concentrate more on research both 
fundamental! and clinically oriented and to 
reduce the centre’s activities in routine work 
(there were no less than 17,000 cases of patient 
treatment, mostly diagnosis, in one year in the 
institute of nuclear medicine alone) by 
gradually shifting them to other institutions, 
especially to clinics of the region. 

(5) In view of the present situation at the 
centre the Bundesminister für Forschung und 
Technologie Dr von Bülow and the Minister 
fiir Wissenschaft und Kunst (Land Baden- 
Württemberg) Professor Engler asked a 
number of internationally renowned scientists 
for advice on the future of the centre in order 
not to oust science there or replace it more and 
more by routine work but to bring it to full 
fruition. WOLFGANG FINKE 
Kuratorium des DKFZ, 

BMFT, Bonn, FRG 
WE accept that our report of Professor Neurath’s 
resignation from the German Cancer Research Center 


was inaccurate in the respects he lists, and apologize 
to him and his colleagues for the distress they may 


‘have caused — Editor, Mature. 
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Test-tube babies, 1981 


THIS year should prove a turning point for 
the birth of children by the fertilization of 
human eggs in vitro. Between 15 and 20 
such babies will be born in approximately 
equal numbers in the United Kingdom and 
Australia, and there will be one or two 
elsewhere. These methods will be 
introduced in many countries, primarily to 
alleviate human infertility. Fundamental 
aspects of human conception will be 
analysed and increasing debate will 
presumably be given to genetic 
engineering. This is, therefore, an 
appropriate time to assess the relevant 
clinical and scientific issues raised by this 
worki. 


The first essential: timing of 
ovulation 


I will first discuss the methods involved in 
timing ovulation for the collection of 
preovulatory oocytes. l 

Harvesting preovulatory oocytes is the 
first of several steps essential for obtaining 
human embryos. They must be collected 
during their final stages of maturation just 
before ovulation occurs, when meiosis is 
advanced and cortical granules have estab- 
lished the defence against polyspermy. 
Follicular growth and ovulation must be 
regulated by endocrine therapy, or natural 
ovulation must be closely predicted during 
the menstrual cycle. 

The regulation of ovulation is 
undoubtedly easier. Several follicles can be 
primed using human menopausal gonado- 
tropin (HMG) or clomiphene early in the 
menstrual cycle. An endogenous surge of 
luteinizing hormone (LH) will then induce 
ovulation. Alternatively, a single injection 
of human chorionic gonadotropin 
(HCG, 5,000 IU) can be given between 
days 11 and 14, according to the follicular 
response of each patient. Levels of urinary 
oestrogens of 80-100 ug per day (refs 
2,3), or follicular diameters of 1.5-2 cm 
measured by ultrasound*® are believed to 
be appropriate indications to inject HCG. 
Ovulation can be induced at any desired 
time of day or night, a considerable help in 
organizing laboratory or surgical teams for 
oocyte recovery. Two or more pre- 
ovulatory oocytes can be collected from 
many patients, another advantage of 
stimulating the ovary. 

There may be problems to offset these 
advantages. Wide variations exist in the 
rate of growth of individual follicles in each 
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*Physiological Laboratory, Cambridge University, Cambridge 
CR? 3EG, UK, and Bourn Hail, Cambridge CB3 FTR, UK. 
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R.G. Edwards* 


patient, revealed by the different levels of 
sterioids in follicular fluids’ and by vari- 
ations in embryonic growth when super- 
ovulation techniques are applied to 
animals. Some patients fail to respond to 
clomiphene. Others produce increasingly 
large amounts of oestrogens as several 
follicles grow, and their endogenous LH 


stimulation can also distort the menstrual 
cycle, inducing a short luteal phase and a 
disorganized endometrium, both incom- 
patible with establishing pregnancy'?. An 
average of eight cycles of treatment with 
clomiphene is needed for oligomen- 
orrhoeic women to conceive naturally’. 
Such disadvantages may be greater with 
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Between fifteen and twenty babies will be born this year after the in vitro 
fertilization of human eggs. Many of the essential steps now have high rates of 
success, including the recovery of preovulatory oocytes, and fertilization and 
embryo cleavage in vitro. Implantation of the embryo following its 
replacement in the mother remains the major difficulty. Some implications of 


the work are discussed. 
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surge stimulates ovulation. A difficult 
situation occurs in patients with moderate 
or high levels of oestrogens and no 
endogenous surge of LH (Fig. 1). As in 
other tissues®!!, clomiphene may have 
depleted cytoplasmic oestrogen receptors 
in the pituitary gland of such patients over 
several days, so preventing the LH surge in 
response to rising levels of oestrogens. 
HCG must be given at some arbitrary time, 
before follicles become atretic, yet while it 
is uncertain if the patient will have her own 
endogenous LH surge. Ovarian 


Urinary 
oestrogens 
{ug per 24 h) 


Urinary 
oestrogens 


(zg per 24 h) 


Urinary 
oestrogens 
(ug per 24 h) 





HMG than with clomiphene. 

The alternative is to monitor the 
approach of ovulation during the natural 
menstrual cycle, and then aspirate the 
single preovulatory oocyte. This method 
was used for the conception of the first 
child by fertilization in vitro', and is widely 
used in our practice today. Plasma or 
urinary oestrogens are used to assess 
follicle growth, and the onset of the LH 
Surge at mid-cycle provides a warning of 
the approach of ovulation. 

The disadvantages are obvious. There is 


Fig. I Response of patients to clomiphene. a, Levels of urinary oestrogens rose considerably, and then fellin 

the absence of an endogenous LH surge. b, Rising levels of urinary oestrogens followed by surge of (LH in 

urine. c, No response in urinary oestrogens and no surge | , Urinary oestrogens; ©, urinary LH, measured 
by the Hi-Govanis kit. 
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No. of patients 

No. with accessible ovaries 

No. of preovulatory follicles aspirated 
No. (and %) of oocytes collected 


Table } Aspiration of oocytes from preovulatory follicles 
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Natural Natural and Clomiphene 
cycle* clomiphene cycle® 
cycle?" 
122 — == 
109 -l _ 
109 172 107 
95 110 96 
(8870) (64%) (89%) 


*Recent series of 122 patients in Bourn Hall, Cambridge. Their average age was 33.9 yr. 


usually only one preovulatory oocyte, and 
any pathological conditions in the ovary or 
abdomen will limit the chances of 
collecting it. The LH surge is less predict- 
able than an injection of HCG, hence more 
difficulty arises in organizing laboratory 
and clinical staff to collect the oocyte. 
Some difficulties have proved less than 
feared. Repeated blood sampling may 
provide a reliable guide for assaying 
LH®6!3'5, but is unnecessary, because urine 
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Fig.2 Diurnal rhythm in the onset of the urinary LH 

surge in women, The time shows the initia! increase in 

levels of LH which was followed by a sustained rise (see 
Figs Ib and 3). 


samples are suitable for rapid assays of LH 
using the kit Hi-Gonavis (Mochida 
Pharmaceuticals)'* and for oestrogens. 
Fortunately, the LH surge begins in early 
morning in almost three-quarters of the 
women (Fig. 2), which is most convenient 
for the collection of preovulatory oocytes 
44 — 28h later. This ‘critical period’ in the 
LH surge in women resembles the situation 
in rats!®!7, and its distinct diurnal com- 
ponent must modify the feedback effects 
of ovarian oestrogens and LH releasing 
hormone on the pituitary gland’*. If 
women discharge their LH at other times of 
day, their oocytes must sometimes be aspir- 


ated less than 24 h later and cultured in ` 


vitro to complete maturation. 
Fertility may be higher during the 
natural cycle than after ovarian stimu- 


lation, an obvious advantage in estab- 
lishing pregnancy. Several surveys have 
revealed a 1 in 4 chance of pregnancy 
during unprotected intercourse in any 
menstrual cycle, but even this low rate may 
be higher than during induced cycles. 
Clomiphene may be indicated in patients 
with irregular or prolonged cycles. 


Aspiration of oocytes 


A double aspirating needle or two separate 
needles are used, one channel being used 
for aspiration and the other to flush out the 
follicle if the oocyte is not collected!?°. 
The flushing solution may contain heparin, 
to prevent clotting within the follicle. 

The highest rates of collection are 
achieved 32 h after the injection of HCG, 
or 26 h after the rise of LH in urine (Table 
1). It is essential to time the onset of 
ovulation correctly. Should HCG be given 
after an endogenous surge of LH, 
ovulation may occur before aspiration 
begins. Diurnal rhythms in tonic LH 
release, sometimes reaching low surge 
levels over a few hours, can confuse the 
correct timing of the LH surge (Fig. 3). 


Pelvic adhesions, hydrosalpinx, cystic 


follicles, endometriosis and other ovarian 
conditions impair the collection of oocytes, 
and preliminary laparoscopy may be 
required to alleviate these conditions. ifthe 
ovary is accessible, oocytes can be collected 
during the natural cycle from almost 90% 
of patients, laparoscopy being completed 
within a few minutes (Table 1). None of our 
patients had ovulated when laparoscopy 
was performed, and each of them had a 
large preovulatory follicle. 

Preovulatory oocytes can be identified 
quickly. They are embedded in a viscous 
follicular fluid, to a diameter of 0.5 cm or 
more and can be seen by eye’. The viscosity 
of the cumulus mass serves as a guide to the 
stage of maturity of the oocyte. A few 
hours in culture in the presence of some 


follicular fluid helps to complete 
maturation, especially in those deliberately 
collected less than 26 h after the LH rise, 
which appear ‘unripe’. 


Fertilization and cleavage 
in vitro 


Provided there are no pathological 
conditions in the husband’s spermatozoa, 
almost 90% of the preovulatory oocytes 
aspirated during the natural cycle can be 
fertilized in vitro (Table 2). The conditions 
of culture are rapidly becoming standard- 
ized?67?.!2, Simple media are used, 
including Earle’s solution with pyruvate, a 
medium designed to support mouse 
embryos in vitro??? , and Ham’s F10, each 
supplemented with serum albumin or 
homologous human serum (7.5 — 8.6%). 
We prefer Earle’s solution containing 
pyruvate, with serum from each patient 
(Table 3)!2. Sperm numbers vary between 
10° and 10° per ml, or between 1 and 5 x 
105 living spermatozoa per ml. Droplets of 
medium held under paraffin oil or small 
culture tubes can be used for fertilization. 
Our present practice is to begin fertilization 
in droplets of medium under oil, adding 
1.5 ~2 x 105 living spermatozoa per ml 
between 3 and 4 h after aspiration of 
oocytes; the oocytes are placed in tubes 
some hours later when most of their 
cumulus cells have been shed!’. 

The oocytes are fertilized within a few 
hours. Some have been fertilized following 
a re-insemination 48 h later and grew 
normally to the eight-cell stage (J.M. 
Purdy and R.G.E., unpublished). 
Conditions such as spermagglutination, 
viscous seminal plasma and erratic sperm 
movement reduce the chances of 
fertilization (Table 2). Almost all eggs are 
monospermic, indicating that the block to 
polyspermy is efficient 6^, 

Most embryos cleave normally. They 
tolerate a wide variety of culture media, 
similar to those used for fertilization. 
Serum is almost universally added; in our 
work, we use 15% v/v of homologous 
serum!?. Cleavage times are remarkably 
similar despite the varying concentration 
of energy sources in different media (Table 
3). There have been occasional reports of 
cell fragments in cleaving eggs, although 
similar conditions have been found in 
embryos flushed from the reproductive 
tract and may not be pathological’. 
Many embryos grow to morulae and 
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Table 2 Fertilization of human eggs in vitro 
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Total no. patients 

No. with pathological conditions: 
Spermagglutination cells or debris in semen 
Abnormal movement of spermatozoa 
Viscous seminal plasma 
Remainder 

No. (and %) fertilized 


*Recent survey of 122 patients (see Table 1). 
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Patients with 
idiopathic 


Bourn Hall* Melbourne® infertility® 
95 a ~~ 
5 pa = 
3 Bs A 
l a = 
86 4) — 
76 (88%) 37 (92%} 35% 


jatural cycle than after ovarian stimu- "Reoent survey of IP EE mmm 
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blastocysts, and escape from the zona 
pellucida in vitro>?*., although some 
apparently develop abnormally during 
these later stages of growth®. The fastest- 
growing embryos are apparently the most 
successful in establishing pregnancy®°. 
Cine films of cleavage with IR photo- 
graphy may enable embryos to be exam- 
ined for their nuclear structure before they 
are replanted in the mother?’. | 


Replanting embryos 

Implantation is the most difficult and 
unpredictable stage. In animals, rates of 
implantation are high when embryos are 
replaced surgically (> 70%), but lower if 
replaced non-surgically via the cervix 
(~ 50%)?8:29, Almost all human embryos 
have been replaced transcervically, and 
approximately one-quarter of them have 





Table 3 Composition of the media used for fertilization 
and cleavage of human eggs in vitro (gr Ù 
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Modified Media for Ham's 
Earles!* mouse F1Q* 
eggs?! 22 
CaCl,2H,0 0.2649 _ 0.441 
KC] 0.400 0.356 0.285 
MgSO4.7H;O 0.200 0.294 0.1527 
NaCl 6.800 5.140 7.400 
NaH»,PO4.2H;O0 0.1583 — “en 
Næ HPO, = ~ 0.156 
KH,PO, ne 0.162 mmm 
NaHCO, ack 1.9 1.2 
Ca lactate _ 0.527 manui 
Na pyruvate 0.011 0.025 0.110 
Glucose 1.000 1.000 1.100 
Na lactate 
(60% syrup) — 37m I! 


Embryos growing most rapidly are two-cell by 21 h 
after insemination, four-cell at 40 h, and eight-cell at 
44-54 h (refs 3, 23). 

*Also contains CuSOQ4, FeSO,, ZnSOg,, amino acids, 
ete. 


implanted in some series (Table 4). 
Embryos might be best replaced during the 
evening!*, because the spontaneous con- 
tractility of the human uterus is lower at 
night*°3!, Disorders in the luteal phase, 
including progesterone deficiency and a 
short luteal phase, could preclude 
implantation (Table 4). Some implanted 
embryos live for only a short time after the 
expected return of menstruation, and are 
identified by a transitory rise in HCG (ref. 
3) (Table 4). 

Why do so few embryos implant? 
Perhaps 20% or thereabouts is all that can 
be expected, since it is similar to the inci- 
dence of natural human fertility reported 
in serval surveys. This view seems to be 
pessimistic. Some embryos may be lost or 
infected if there are difficulties in passing a 
catheter through the internal os. An outer 
metal cannula can be useful in such cases, 
but pregnancy rates are lower (Table 4). A 
Teflon catheter with a smooth tip and side 
aperture evidently passes easily through the 
internal osf, but may require the use of a 
tenaculum on the cervix. Implantations 
have occurred after replacing all stages 
between the two-cell and blastocyst, but 
there are insufficient data as yet on the 
optimal stage for replacement”*. 
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Fig. 3 Diurnal variations in the levels of urinary LH in women. ‘Tonic’ levels rise each morning, then 
decline. The LH surge began during the morning in this patient. 


Physiological disorders might prevent 
implantation. Vaginal distension during 
replacement could invoke discharges of 
prolactin, and a catheter passed through 
the uterine cavity may invoke a premature 
decidualization of the endometrium. Slight 
myometrial contractions could expel 
embryos soon after their replacement and 
might be inhibited using B,-mimetics*®! | 
Restricting the volume of medium might 
encourage implantation (0.03 -0.10 ml are 
used at present). Surgical transfer might 
circumvent these problems, but a second 
anaesthesia will be needed soon after that 
used for oocyte recovery, and the myome- 
trium and endometrium will undoubtedly 
bleed when a needle is passed through 
them. In rhesus monkeys, 11 out of 15 
embryos replaced surgically in the oviduct, 
and 2 of 8 replaced in the uterus developed 
to advanced stages of gestation?2. 


Growth of human fetuses after 


replacement in the mother 


At least 12 children have been born after 
fertilization in vitro, 3 in the initial series in 


Oldham”, 7 in Australia®4, and 2 recently 
in the United Kingdom. Two of these were 
born prematurely at approximately 20 
weeks, soon after amniocentesis. The 
children have been healthy, although a 
male twin required corrective surgery, and 
several current pregnancies appear to be 
progressing normally®*, Details of all 
pregnancies are being recorded in an inter- 
national register to evaluate any risks to the 
fetuses and the causes of abortion or fetal 
death. 

Between one-quarter and two-fifths of 
the fetuses arising from fertilization im 
vitro die in utero, mostly in the first 
trimester. Maternal age (late thirties and 
early forties) may be a disposing factor in 
some cases. One dead fetus was triploid®, 
the others have not been karvotyped. 
Triploidy may not be serious quanti- 
tatively, as the vast majority of fertilized 
eggs are monospermic. Most triploid 
fetuses arising during fertilization in vive 
are caused by dispermy, fewer being due to 
fertilization by a diploid spermatozoon or 
cleavage errors in the embryo, Nor 
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Table 4 Pregnancies after replacing human embryos transcervically (same group of patients as in Tables | and 2) 





No. of patients 
No. with deficient luteal phases: 
Short luteal phase* 
Progesterone deficiency t 
No. with delayed return to menstruationt: 
Brief elevated levels of HCG 
Brief elevated levels of HCG/LH 
No. pregnant 4 weeks after replacement 





Single catheter Double catheter 


51 23 
2* 4 
! 3 
2} so 0 
ce aoa 3 
12 (23.1%) 2 (8.7%) 


* Luteal phase of 12 days or less; these patients had luteal phases of 5 and 12 days, respectively, one also having 


progesterone deficiency. 


_t These patients had between 0.4 and 2.7 ng mi! on days 7 or 8 of the luteal phase. 
+ Some other patients showed a delayed return to menstruation but no evidence was found of elevated H COM or 


HCG/LH. 
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Table § Results on a recent series of 122 patients with 
tuba! occlusion 
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No. of patients 122 
Failure to collect oocyte: 
Method failure 14 | 37 
Adhesions, endometriosis, etc. 13 i 
{Table 1) 
No, with preovulatory oocytes 95 
Failure of fertilization 
Method failure 94 4? ) 19 
Pathological spermatozoa 9 
(Table 2} 
Embryos not replaced 2 
No. of embryos replaced 74 


Failure of implantation: 
Short lutea] phase/ 


progesterone deficiency 6 
Method failure* 49 i 53 
indications of pregnancy: 
Delayed RTM: early abortion? $ 
Pregnant 4 weeks after replacement id 


ram aaan 


The natural menstrual cycle was monitored. RTM, 
return to menstruation. 
*See Table 4. 


should trisomy be more frequent after 
fertilization in vitro. Most human trisomies 
arise during the first meiotic division of the 
oocyte?®:37, a stage which is virtually 
complete before the oocytes are aspirated. 
Others arise during the second meiotic 
division, that is, after fertilization, or 
during cleavage of the embryos, but there is 
no record of their incidence in vitro. 
Amniocentesis should be performed on all 
fetuses arising through fertilization in 
vitro, if the parents agree, until the risks of 
trisomy have been assessed. 

Some fetuses may die in utero through 
physiological or embryological factors 
associated with fertilization in vitro. These 
could include damage to the uterine wall 
during replacement of the embryos, the 
introduction of cervical flora into the 
uterine cavity and the implantation of the 
embryo low in the uterine canal’. Short or 
deficient luteal phases arising after ovarian 
stimulation, or through the withdrawal of 
too many granulosa cells from the 
preovulatory follicle occur in very few 
patients (see Table 4)8. Abnormal 
embryonic differentiation in vitro might 
have led to the transitory secretion of HCG 
in some patients, as the fetus developed 
into a ‘blighted ovum’ or trophoblastic 
vesicles, resulting in its early death. Such 
conditions arise following conception in 
vivo? ® | 


Genetic engineering 

Arguments sometimes raised against the 
introduction of fertilization in vitro into 
clinical practice involve the possibility of 
genetic engineering — chimaeras, hybrids 
and cloning embryos. These issues are 
quite distinct from the alleviation of infer- 
tility. Three cloned mice have been born, 
using nuclei from blastocysts*', and others 
after the use of nuclei from the embryonic 
ectoderm and proximal endoderm of 7-day 
mouse embryos, showing that the develop- 
mental potential of nuclei from earlier 
embryos is retained in these cell types*. 
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The thought of cloned human embryos 
identical to a pre-existing individual is not 
attractive. Yet, in a sense, uniparental 
human embryos largely similar to the 
father already exist. Hydatidiform moles 
are the remains of diploid androgenetic 
fetuses, in which the trophoblast pro- 
liferates over several weeks to form large 
grape-like vesicles. Such fetuses evidently 
arise due to the expulsion of the female pro- 
nucleus from the fertilized egg 4. The 
sperm chromosomes are doubled and the 
embryo expresses paternal chromosomes 
only. Rare hydatidiform moles may even 
retain much of the father’s heterozygosity, 
since they could arise from a diploid 
spermatozoon. The reason androgenetic 
embryos undergo hydatidiform changes is 
not understood. Perhaps the embryonic 
cells die early, or the mother ‘rejects’ a 
fetus lacking her own antigens*; never- 
theless, androgenetic mouse embryos 
develop normally to full term”. Human 
gynogenones could also arise through 
similar processes involving expulsion of the 
male pronucleus from the egg, although no 
searches have yet been made for them 
before or after birth. Uniparental embryos 
could arise through delayed syngamy and 
an enlarged pronucleus, seen in two human 
eggs fertilized in vitro. 

Subtle forms of genetic engineering have 
been introduced. DNA fragments con- 
taining the gene for human insulin were 
injected into pronucleate mouse eggs, and 
the gene was identified in tissues of fetuses 
at the 18th day of pregnancy“. The DNA 
evidently replicated and was inserted into 


the genome of the fetus, but there is no 
information as to whether it was trans- 
cribed. There is apparently no knowledge 
of the potential value of such treatments in 
preventing the expression of inherited 
conditions such as diabetes. 


Prospects 

Many children will soon be born after the 
fertilization of human eggs in vitro. We 
have established more than 40 pregnancies 
since resuming work during the past 9 
months, and the majority are surviving. 
This is most encouraging for those couples 
who could not be offered any other form of 
corrective surgery and have so far been 
without effective treatment (Table $). The 
method can be carried out several times on 
the same patient, and success rates should 
soon exceed some forms of oviductal 
surgery. If ovarian stimulation is used, 
‘spare embryos’ may be available for 
embryological studies and one embryo has 
grown for 9 days in vitro until stage Sa (ref. 
3). The frozen storage of human embryos 
still appears to be distant. Some of the 
fathers were oligospermic, and patients 
with idiopathic (unexplained) infertility, 
hostile cervical mucus, incompetent cervix, 
antibodies against the zona pellucida, 
might also be helped. Complex disorders 
leading to the abnormal growth of 
pronuclei can be investigated®. 

I thank Jean Purdy and Patrick Steptoe 
for their help at all stages of this work, and 
Simon Fishel for his comments on the 
manuscript. 
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NEWS AND VIEWS 








Birds of paradise 


and the theory of sexual selection 


THE most bizarrely beautiful birds are the 
birds of paradise (family Paradisaeidae), 
which live on New Guinea and adjacent 
islands. Adult males bear specialized 
ornamental feathers that include coloured 
grass-like plumes, false wings and shields 
and capes, flag-tipped wires growing out of 
the crown or tail, long wires growing from 
the eyebrows with a dozen ornaments like 
pieces of flat blue plastic and tails several 
times as long as the body. How could 
natural selection produce such creatures? 
Interest in this question is motivated not 
only by the beauty of the birds, but also 
by their relevance to understanding the 
broader problem of sexual selection. Many 
species are sexually monomorphic (males 
and females similar in appearance), but 
others, including humans (compare with 
ref. 1) and birds of paradise, are sexually 
dimorphic. Darwin devoted an entire 
book? to arguing that some sex-linked 
characters of sexually dimorphic species 
arise through intraspecific competition for 
mates. He termed this process sexual 
selection, as opposed to natural selection 
(differential survival of self and offspring). 
For centuries after the first bird of 
paradise skins reached Europe with 
surviving crew from Magellan’s voyage of 
circumnavigation, western knowledge of 
these birds was confined to skins obtained 
through Moluccan middlemen from New 
Guinea hunters. Most of the 42 bird of 
paradise species live in the rugged 
mountainous interior of New Guinea, 
where physical hardships of ornithological 
exploration ultimately cost Hunstein, 
Stalker, Gilliard and others their lives. 
Until 1824, when a French explorer became 
the first European to see a bird of paradise 
in the wild in New Guinea, Europeans 
believed that the birds spent their entire 
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from Jared M. Diamond 


lives flying high in the sky, nourishing 
themselves with the nectar of heaven and 
descending to Earth only to die (hence the 
name birds of paradise). Modern ex- 
ploration showed their actual behaviour to 
be hardly less strange — adult males of 
some species live in clans apart from 
females and hang upside down or 





cooperate in duetting pairs to woo females. 

Recent advances in our understanding of 
bird of paradise behaviour** builds on the 
early work of the late E.T. Gilliard? of the 
American Museum of Natural History. 
Two recent papers by Mary LeCroy of 
the same museum are of particular 
importance. In the first of these papers’, 


Left, a male-to-male display (‘charging display’) in the Lesser Bird of Paradise, Paradisaea 

minor. Right, a male-to-female display (‘inverted display’) in the Blue Bird of Paradise. 

Paradisaea rudolphi, by a male hanging upside-down from a branch. Drawings by Juan 
Barbaris, from LeCroy”. 
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LeCroy collaborated with Alfred Kulupi of 
the Papua New Guinea Wildlife Division 
and photographer William Peckover to 
study Goldie’s Bird of Paradise 
(Paradisaea decora) in the mountains of 
Fergusson Island. In the second!® she 
analyses displays and evolution of all seven 


species of genus Paradisaea, the ‘ultimate 


birds of paradise’ (the ones with the most 
extreme social system and advanced 
speciation). 

The paradisaeas are among the relatively 
few bird species independently to have 
evolved a peculiar social system based on 
‘arenas’ or ‘leks’. Other arena birds 
include the ruff of Europe (a sandpiper; see 
ref. 11), grouse’? of Europe and North 
America, manakins!? and cotingas'* of the 
neotropics, and three other bird of 
paradise genera. Unlike most birds, in 
which male and female form a pair bond 
and share the work of nesting, arena birds 
form no pair bond and females do all the 
nest construction and feeding of young. 
Males spend much of the year in clans 
without females, at traditional arena sites 
where they display and establish a 
dominance hierarchy. Females visit the 
arenas and consort with males only briefly, 
to copulate. As males do not visit the nest 
and can therefore afford to be conspicuous 
without betraying the nest location, only 
females have cryptic plumage. Adult males 
rapidly evolve elaborate plumes through 
sexual selection (see below), accelerated by 
the fact that only a small percentage of the 
males in a clan is responsible for most 
matings. Interspecific hybrids between 
morphologically very distinct arena species 
may arise when a receptive female wanders 
into an arena of the wrong species as 
reproductive isolating mechanisms do not 
keep pace with morphological change in 
males. Sexual dimorphism involves size as 
well as plumage: adult males are much 
larger than females. The population 
consists of many fewer plumed adult males 
than females or unplumed males, possibly 
because plume development is hormonally 
inhibited in subordinate males. Adult 
males have loud calls to assemble each 
other at the arena, to attract females and to 
communicate with clans at neighbouring 
arenas. Similar social systems have arisen 
independently in numerous mammalian, 
frog and insect species. 

As an example of arena courtship, 
consider what LeCroy, Kulupi and 
Peckover discovered for Paradisaea 
decora. The arena consists of four tall trees 
within 100 metres, under which grow fruit 
trees, on which the birds feed. The fruit 
trees have grown from seeds dropped by 
the birds while they eat the fruits in the 
display trees. Each display tree is occupied 
by a pair of plumed males and is visited by 
unplumed males plus plumed males from 
adjacent trees. The pair of males display 
facing each other while singing a duet and 
chasing off unplumed males. When a 
female appears at the tree, the plumed 
males there launch themselves into a 


different set of displays. Other plumed 
males leave until only the duetting pair 
remains. At the peak of the display, one 
duetter steps aside and stands by quietly, 
while the other continues the display. 
Unplumed males crowd around the female 
and copulate with her very briefly as she 
begins soliciting and quivers her wings. 
Finally, the plumed male comes to the 
female and proceeds to a lengthy, 
ritualized copulation. 

To appreciate the significance of these 
observations, recall what Darwin theorized 
about sexual selection and what has been 
debated ever since. He reasoned that sexual 
selection involves two distinct struggles: 
one between males to dominate, drive off, 
or kill their rivals, with females remaining 
uninvolved and males providing the 
selective force; the other, between males to 
attract females, with females providing the 
selective force (the same two hypotheses 
can apply with the sexes reversed). Studies 
in Hawaiian Drosophila have proved a role 
for both forces!>. Behaviour of arena birds 
has generally been interpreted in terms of 
selection by females. 

LeCroy recognized that interactions 
among bird of paradise males are far more 
important than realized by previous 
observers, who did not discern that males 
adopt distinct displays towards females 
and other males and who had difficulty 
distinguishing between females and 
unplumed males. Displays among adult 
male paradisaeas are noisy and full of 
motion, involving elements that LeCroy 
terms charging, zigzagging, duetting and 
wing posing. These displays go on for much 
of the year and establish a dominance 
hierarchy among males. Displays of males 
to females involve silent, static posturing, 
such as inverted display (hanging upside- 
down from a branch). Most important, 
LeCroy, Kulupi and Peckover saw no 
evidence in Paradisaea decora that females 
made any selection among males. Rather, 
the males had it all prearranged among 
themselves: when a female appeared at a 
group display of several plumed males, the 
other males one by one stepped back, 
leaving only the dominant male to mate 
with the female. The winner had already 
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been determined by the males’ struggles 
while setting up the dominance hierarchy. 
Thus, in LeCroy’s view, the immediate 
function of bizarre plumes and large body 
size in adult male birds of paradise is not so 
much to woo females as to dominate other 
males. 

Gilliard’s studies of numerous bird of 
paradise species brought them from the 
realm of exotic aberrations to the forefront 
of sociobiology. LeCroy’s work goes 
further and permits her to frame a host of 
important unsolved questions. What are 
the genetic relationships among the males 
of a clan, or between duetting ‘brothers’? 
It seems incredible that the plumed 
Paradisaea decora male chases off 
unplumed males until the peak of the 
display and then lets them copulate with 
the female. Is it because their copulations 
are brief and ineffective, or is it only the last 
sperm injection that fertilizes (as in 
chickens)'®, or are the unplumed males the 
younger brothers of the plumed male? 
Why do subordinate males join a clan at all 
— to learn by apprenticeship, or to get 
matings by stealth? How stable is the male 
dominance hierarchy, and is recruitment to 
the top from subdominant plumed males 
moving up or from unplumed males 
maturing? Males are polygynous; are 
females polyandrous? What percentage of 
copulations goes to the dominant male? 
(Dinsmore estimated 100 per cent for 
Paradisaea apoda”). It is also questionable 
whether inbreeding is selected through 
females bringing their daughters to the 
arena where their father is dominant, as 
Smith!” proposed for a polygynous 
mammal, the Fallow Deer. What are the 
ecological factors that permit or select for 
arena behaviour, which has arisen 
independently numerous times (compare 
with ref. 18); and to what extent do 
LeCroy’s findings for the ‘ultimate birds of 
paradise’, the species of Paradisaea, apply 
to other arena-displaying birds of paradise 
(Astrapia, Parotia, Semioptera and 
possibly others)? Some birds of paradise, 
including perhaps the lovely Blue Bird of 
Paradise Paradisaea rudolphi, are 
monogamous and territorial; is this a 
primitive or secondarily derived condition? 
Are birds of paradise embarked on a 
maladaptive course of ‘runaway evolution’ 
heading for extinction'?? Is there any 
relationship between the Paradisaeidae 
and the equally remarkable bower birds 
(Ptilonorhynchidae) of the same 
geographical region? It will also be 
interesting to see whether better 
understanding of evolution in birds of 
paradise, through behavioural study, will 
help our understanding of their adaptive 
radiation in feeding, of which they furnish 
an as-yet little studied example rivalling 
that of Darwin’s finches’. 

Progress towards solving these questions 
awaits banding studies in the wilds of New 
Guinea, through which individual birds at 
arenas can be recognized and their genetic 
relatedness determined. 1 
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Solar Mesosphere Explorer to study ozone 


from Charles A. Barth 


THE ozone in the Earths atmosphere 
continues to provoke a degree of scientific 
and political controversy which reflects our 
ignorance of its chemical behaviour. The 
Solar Mesosphere Explorer Satellite 
(SME), to be launched on October 4, 1981 
should provide a new source of 
information which will help to clear up 
many long-standing puzzles*. For the first 
time, continuous simultaneous 
stratospheric measurements will become 
available of the stratospheric content of 
ozone, of other constituents important to 
ozone chemistry and of the UV radiation 
from the Sun. It is hoped that 
anthropogenic effects on ozone will be 
detectable as residual changes. The satellite 
is expected to be in operation for at least 
one year and perhaps as long as three years. 

Ozone is produced in the upper atmos- 
phere from the association of atomic 
oxygen with molecular oxygen in a three- 
body reaction: 


O+0,+M7+0O,+M ~ (I) 


The atomic oxygen is produced in turn by 
the photodissociation of molecular oxygen 
by solar UV radiation of wavelength 
shorter than 242 nm: 


O +hv>0+0O (2) 


The ozone is also photodissociated by solar 
UV radiation in the wavelengths between 
200 and 310 nm. At this time of moderate 
solar activity, changes may occur in the 
solar UV irradiance during a 27-day solar 
rotation. Instruments on the SME will 
simultaneously monitor these two regions 
of the solar spectrum and the distribution 
of ozone from 30 to 85 km in the upper 
stratosphere and mesosphere. The altitude 
distribution of ozone will be measured 
simultaneously by three limb-scanning 
instruments: an UV spectrometer 
measuring the back-scattered radiation 
between 255 and 310 nm, an IR radiometer 


The Solar Mesosphere Explorer satellite (below) and a table 9 
(right) showing the regions of the atmosphere in which the 
different reactions occur and the instruments that will be 


used to monitor them. 
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measuring thermal emission at 9.6-um and 
an IR spectrometer measuring the 1.27-um 
airglow emission arising from radioative 
decay of an excited state of O, that is the 
result of ozone photodissociation 


O, + hv O,(a'A,) + O('D) (3) 


Changes i} the solar UV flux and ozone 
density may cause the temperature of the 
atmosphere to change. Temperature 
changes in turn cause ozone changes 
because the rate of some of the chemical 
reactions, particularly reaction (1), are 
temperature dependent. The IR 
radiometer on the SME will measure 
temperature and pressure as a function of 
altitude by measuring the thermal emission 
from two portions of the 15-um CO, band. 

A further complication in tracing the 
effect of changes in solar radiation on the 
ozone density occurs in the upper part of 
the mesosphere. Solar Lya radiation at 
121.6 nm, which may vary significantly 
during a solar rotation, effectively photo- 
dissociates water vapour: 


H,O + hv-H + OH (4) 


The products of this reaction react with 
ozone and atomic oxygen at these heights 
in a catalytic cycle that consumes ozone: 


H + O, OH + O, (5) 
OH + OH +0, (6) 


To follow the cause and effect of this 
relationship, the solar UV spectrometer on 
the SME will measure solar Lya radiation 
and the IR radiometer will measure the 
water vapour density in the atmosphere by 
measuring thermal emission in the 6.3-um 
band. 

In the upper stratosphere, water vapour 
is dissociated by the reaction with excited 
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oxygen atoms O('D) which are produced 
from the photodissociation of ozone 
[reaction (3)}: 


H,O + OCD)— OH + OH (7) 


The hydroxyl radicals participate in a 
catalytic cycle in the upper stratosphere 
that consumes atomic oxygen and reduces 
the ozone density 


OH + O>H +O, (8) 
H + O, + M— HO, +M (9) 
HO, + O> OH + O, (10) 
H + O, > OH + O, (11) 


Changes in the amount of water vapour are 
therefore expected to cause changes in the 
ozone density in the upper stratosphere and 
mesosphere. The limb-scanning instru- 
ments on the SME will simultaneously 
measure the density of water and ozone as a 
function of altitude. 

Nitric oxide and nitrogen dioxide form a 
catalytic cycle in the stratosphere which 
consumes ozone and atomic oxygen: 


NO + 0, NO, +0, (9 
NO, +O~-NO+0O, (13) 


Nitric oxide enters the stratosphere 
through the reaction of nitrous oxide with 
O('D) atoms that are formed from the 
photodissociation of ozone: 


N,O + O('D) + NO + NO 


Nitrogen dioxide may be released in the 
Stratosphere from the thermal decom- 
position of nitrogen pentoxide, an upper 
atmosphere reservoir of oxides of nitrogen: 


N,O, 2 NO, + NO, (15) 


A visible-light spectrometer will measure 
the density of nitrogen dioxide in the 
stratosphere by measuring the differential 
absorption of scattered sunlight at two 
wavelengths near 440 nm. 

Energetic particle outbursts on the Sun 


(14) 


NO +O3— NO; + 0, 


ee ae ee, . 
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lead to the penetration of charged particles 
into the mesosphere in the polar regions of 
the Earth (solar proton or PCA events). 
These charged particles cause the dissoci- 
ation of water vapour to create atomic 
hydrogen and hydroxyl radicals which 
catalytically destroy ozone. At lower levels 
the charged particles create oxides of 
nitrogen from the molecular nitrogen and 


The significance 


from Robert Hutchison 


Most meteorites have chemical properties 
which place them in one of 27 groups, each 
containing five or more members. Much of 
our knowledge of the chemistry and early 
history of planetary bodies in the Solar 
System is based on these common types of 
meteorite, but it is the rarities which often 
provide data vital to planetary science. A 
prime example is the Angra dos Reis (stone) 
meteorite which fell into 2 m of seawater in 
Brasil in 1869. Two pieces, together 
weighing approximately 1.5 kg, were re- 
covered by a diver the day after its fall. The 
importance of the meteorite is such that a 
“consortium was set up to study it in the mid 
1970s. 

The detailed petrographical and 
mineralogical work of Prinz and colleagues 
showed the meteorite to be a cumulate of 
exceptionally Ca-rich pyroxene crystals. In 
addition, their analyses confirmed the 
earlier conclusion of Hutchison’ that the 
mineral assemblage is indicative of a high 
degree of silica undersaturation. Ma and 
co-workers calculated from the trace 
element content of the bulk meteorite and 
of mineral separates that the meteorite 
represents a late stage in the fractional 
crystallization of a liquid which formed as 
a partial melt from an olivine—ortho- 
pyroxene—clinopyroxene source. This, 
however, poses a problem, for production 
of an undersaturated liquid from ortho- 
pyroxene-bearing starting material 
requires a pressure > 7 kbar, and hence a 
lunar-sized parent planet. Various rare gas, 
isotopic and fission-track studies indicate 
that Angra dos Reis (stone) crystallized 
clase to 4.55 Gyr ago and cooled faster than 
70K Myr’. This age is within experimental 
error of that of the eucrites (see, for 
example, ref.3), basaltic meteorites which 
crystallized from tholeiitic liquids*. Thus, 
both saturated and undersaturated silicate 
liquids were extant at about the same time, 
an observation consistent with the co- 
existence of orthopyroxene-bearing and 
nepheline-normative chondrules in 
uneguilibrated ordinary chondrites (see, 
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molecular oxygen of the atmosphere. If a 
significant number of solar proton events 
occur during the operational lifetime of the 
SME, the instruments will be used to 
determine the relationship between the 
magnitude of decrease in ozone and the 
flux and energy of the solar protons and the 
role of water vapour in the solar proton 
destruction of ozone. f G 


*The orbit of SME is planned to be circular at an altitude of 540 
km and sun-synchronous with the Equator crossing occurring at 
3 p.m. local time. The four limb-scanning instruments will view 
the atmosphere in the plane of the orbit. The satellite will be 
operated from a control center at the Laboratory for 
Atmospheric and Space Physics, University of Colorado, 
Boulder. The SME investigator team consists of scientists from 
the Laboratory for Atmospheric and Space Physics and the 
Department of Astro-Geophysics of the University of Colorado, 
the National Center for Atmospheric Research, the National 
Oceanic and Atmospheric Administration Aecronomy 
Laboratory and the Jet Propulsion Laboratory. The mission is a 
NASA project, managed by the Jet Propulsion Laboratory. 


of unique or rare meteorites 


for example, refs 5,6). Angra dos Reis 
(stone) raises the question of whether 
lunar-sized objects may be represented in 
meteorite collections. Other possibilities 
are that silica-undersaturated plane- 
tesimals existed, or a non-magmatic pro- 
cess, such as vapour fractionation (loss) of 
silica, may have taken place. 

At the other extreme from Angra dos 
Reis (stone), but equally problematical, are 
Nakhla and two similar meteorites. Nakhla 
is a meteorite shower which fell in Egypt in 
1911 and comprises an unshocked, coarse- 
grained pyroxene—olivine cumulate (see 
ref.7 and refs therein) with a crystallization 
age of 1.24 Gyr’. Samarium—neodymium 
systematics are consistent with the age of 
1.24 Gyr, but they also indicate that the 
parent material had a three (or more)-stage 
fractionation history if a chondritic 
composition is assumed for the original 
source’. The complete resetting of the Sm- 
Nd ‘clock’ means that the igneous event 
caused the efficient separation of a light 
rare earth element-enriched liquid from a 
crystalline residue. This is unlikely to have 
been achieved by transient heating 
following impact and hence points to 
volcanism on a planetary body only 1.24 
Gyr ago. The environment was oxidizing 
and hydrous!®, so Mars is a possibility. 
However, the absence of shock features in 
the Nakhlites renders it unlikely that they 
could have been accelerated to the escape 
velocity of Mars, some 5 km s’. In 
contrast, the rare meteorites known as 
shergottites were shocked about 200 Myr 
ago, although their magmatic 
crystallization ages are somewhat older!!. 
Thus a martian origin is just conceivable 
for the shergottites. 

Finally, let us turn to the origin of iron 
meteorites. About 86 per cent of irons 
belong to one of 12 chemical groups, the 
remainder being distributed among 
‘srouplets’ each comprising one to four 
members. Scott has argued that the 
chemical composition of an iron was 
determined first by nebular condensation 
to form the parent body, then by crystal- 
liquid fractionation. In all, some 60 parent 
planetesimals may be represented among 
our meteorite collections. 


More recently, Scotti? takes into 
consideration cosmic-ray exposure ages, 
cooling rates of the irons and the pro- 
bability of sampling asteroids. The 
exposure ages'? indicate that iron 
meteorites were randomly released as small 
objects from their parent planets from 50 
to 1,400 Myr ago, except for members of 
groups II[AB and IVA, which were mostly 
released in two events 650 and 400 Myr ago 
respectively. Such events are probably 
rare, and so it seems unlikely that many 
asteroids could have been involved in 
major collisions which produced potential 
meteorites. One possibility considered by 
Scott is that some of the parent asteroids 
are composite, each being comprised of a 
number of smaller planetary bodies which 
had individually differentiated into 
metallic core and silicate mantle before in- 
corporation into the larger body. 

There is, in fact, evidence to suggest that 
this was the case. Axon and Bevan’? inter- 
preted the structure of the Jamestown 
(IVA) iron as the result of a pre-terrestrial, 
crater-forming impact on an unknown 
planetesimal. The irons of group IVA 
often are shocked and they have a wide 
range of cooling rates. These observations 
would be consistent with a history of for- 
mation in one planetesimal followed by 
incorporation into a second, larger body. 

So, from information derived from rare 
or unique meteorites, we can conclude that 
we may have samples from an ancient, 
lunar-sized object, from Mars, and from 
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Surprises from the Glomar Challenger 


from Roger N. Anderson 


OCEANOGRAPHY is still very much a 
profession of explorers, since planned 
experiments are as likely to produce un- 
expected results as not. Anyone who 
doubts this needs only look to the number 
of scientific discoveries made each year by 
accident. Not completely random acci- 
dents to be sure, but rather unexpected 
incidents bedeviling inquisitive souls 
pushing frontiers we really know very little 
about. An excellent recent example comes 
from the derrick floor of the deep-sea 
drilling ship Glomar Challenger. In March 
of this year, she was drilling into the pile of 
oceanic sediments being scraped off the 
American plate as it is being thrust deep 
beneath the Antilles volcanic arc north of 
Barbados in the western North Atlantic. 
Such subduction zones where one plate is 
forced deep into the mantle under another 
plate are sites of the primary collision 
events in plate tectonics. Yet we know little 
of the mechanics of plate interaction at 
such deep-sea trenches. The mission of the 
Challenger, led by co-chief scientists Casey 
Moore of the University of California at 
Santa Cruz and Bernard Biju-Duval of the 
Institut Francais du Pétrole, was to drill 
through the newly accreted sediments 
plastered onto the Antilles arc and pene- 
trate with the drillbit the subducting 
oceanic crust of the American plate. Deter- 
mination of the mechanism of accretion 
was the underlying scientific objective. 
Little did they know the bizarre turn of 
events they would soon face. 

Their first attempt (hole 541) turned upa 
major stratigraphic inversion with Lower 
Miocene (older) sediments overlying 
middle Pliocene (younger) sediments. 
They had indeed expected this result 
because newest sediments are pushed under 
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Fig. 1 Schematic diagram of an 
accretionary prism caused by sediments 
from the subducting plate being scraped 
off by the over-riding plate — in this case a 
volcanic arc. Accretion occurs as older 
sediments thrust over progressively 
younger sediments as the trench is 
approached. 
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older muds, forcing the latter up and out of 
the ocean towards the Antilles volcanic arc 
(Fig.1). Clearly, major overthrust events 
make up the accretionary prism of off- 
scraped sediments. The question is how are 
such large slices of sediment moved the 
many tens of kilometres along fault zones 
as required by this overthrusting 
mechanism. 

Drilling conditions were rugged, 
however. Cave-ins and torqueing finally 
caused them to abandon the hole well 
above their oceanic crustal target. 
Undaunted, they offset 1-4 km towards 
the trench and tried again (at hole 542). 
Three times the hole caved in. The water 
depth was more than 5.5 km. Finally they 
tried a technological innovation never 
before used in the deep-sea — ‘drill-in 
casing’. This casing has a drillbit at its tip. 
You drill as deeply as you can until the 
casing is stuck in the collapsing hole and 
you then unlatch the casing and re-enter the 
now walled-off hole with ordinary drill 
pipe. By drilling through the old drillbit, a 
new hole is begun. But the unlatching 
mechanism failed. The Challenger 
drillstring was stuck in the hole. 

For 12 hours the drill crew worked fever- 
ishly to free the drillstring from the hole, 
finally succeeding by detonating dynamite 
inside the pipe and blowing free of the 
stuck casing. It was during these 12 hours 
that the unexpected happened. After they 
became stuck, no one much noticed the 
surge of water up the inside of the pipe as 
the first joint was broken at the rig floor. 
Being stuck is big trouble during any 
drilling operation. Yet a ‘head’ of about 6 
inches of water was surging out of the 
drillpipe and onto the rig floor. It was only 
after blowing the charge downhole that the 
reverse flow stopped. A quick check of the 
derrick floor pressure monitor showed 350 
p.s.i. of excess pressure at the surface. The 
stuck casing had formed a natural packer 
which acted as a stopper to prevent flow 
around the outside of the drillpipe to the 
sea floor. Thus the formation 6 km below, 
in which the casing was stuck, was 
connected directly through the inside of the 
drillpipe to the rig floor. The formation 
was overpressured — that is, its in situ 
pressure was greater than the hydrostatic 
weight of water inside the drillpipe. The 
overpressure pushed upwards on the water 
column forcing flow out onto the rig floor. 
Eventually, formation pore fluid actually 
flowed onto the rig floor. 

The formation pressure was about 20 
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Fig. 2 To quote Hubbert and Rubey (Bull, 
geal. Soc. Am. 70, 121, 1959), an “elegant 
demonstration” of the effect of over- 
pressures on frictional resistance to sliding 
comes from another famous geophysicist 
of the past, M.A. Biot. An empty beer can 
placed upside-down on a slightly inclined 
piece of plate glass will not slide. However, 
place an empty beer can directly from the 
freezer onto the glass upside-down and it 
will immediately slide to the edge of the 
glass and stop. To quote again, “The 
physical reason for this behavior is exactly 
the same as that which we have deduced for 
the case of overthrust faulting. As the cold 
can becomes warm, the air inside expands 
and causes the pressure to increase. This, 
in turn, partially supports the weight of the 
can and so reduces the normal component 
of force between the metal and the glass 
without affecting the tangential 
component. The can stops at the edge of 
the glass because the pressure is released”. 

























bars above the hydrostatic or equilibrium 
pressure of 550 bars. That amounts to just 
about the weight of the overburden or 
lithostatic pressure at that depth in the 
drillhole. The importance of this becomes 
apparent when one realizes that the 
formation in which the drillstring had 
become stuck is the shear or fault zone 
between two massive wedges of sediment 
being overthrust onto the accretionary 
prism of the volcanic arc. The Challenger’ s 
scientists had stumbled upon a direct 
measure of the mechanism by which that 
overthrusting is occurring. 

In order to understand this mechanism, 
we must go way back into the geological 
literature to one of the classic papers of the 
profession. In 1959, M. King Hubbert and 
William W. Rubey (Bull. geol Soc. Am. 
70; 121, 1959) wrote two companion papers 
explaining how great thicknesses of rock 
on land could be overthrust many tens of 
kilometres at very low thrust angles along 
fault planes only centimetres thick. 
Examples are the great overthrusts of 
south-west Wyoming, the Appalachians, 
and, classically, the Nappes of the Alps. 
Hubbert and Rubey proposed that excess 
pore pressures within a fault zone 
dramatically decreases the frictional 
resistance to sliding by reducing the critical 
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value of shear stress required to produce 
movement along a fault (Fig. 2). 

The results of the Challenger ‘flow-out’ 
indicate that the large overthrusts of older 
sediment over newly scraped-off oceanic 
sediments landward of trenches occur 
along fault zones ‘lubricated’ by excess 
pore pressures. The Challenger also turned 
up evidence for the mode of origin of these 
overpressures. Temperature measure- 
ments made at depths of 50 to more than 
150 m into the sediment above the fault 
zone gave values closely grouped at 14 to 
16°C. These values are unusual in two 
respects: the temperatures from 50 to 150m 
sub-bottom are virtually isothermal 
instead of increasing uniformly with depth 
and they are much hotter than the more 
typical 5 to 10°C for such tectonic settings. 


Upward advection of warm pore fluids 
through a highly permeable sedimentary 
section is implied. The origin of this 
advecting water is likely to be the oceanic 
sedimentary section being squeezed during 
the subduction event. The newly released 
water not only advects upwards but also 
causes abnormal overpressures, allowing 
overthrusting to occur along well 
lubricated fault zones. 

Finally, it is sobering to find the 
explanation of so fundamental a plate 
tectonic process in the literature of a 
previous time. Hubbert and Rubey (1959) 
themselves trace the origins of their 
solution to the problem back to the mid 
1920s, and the field evidence for 
overthrusting began to accumulate even as 
early as the 1840s. Ki 


Do radon anomalies 
predict earthquakes? 


fram Chi-Yu King 


THE discovery that the radon content of 
groundwater in a deep well increased 
significantly before the magnitude 5.3 
Tashkent earthquake in 1966 has prompted 
many research groups in the USSR, China, 
Japan and the US to monitor radon levels 
in wells and springs in earthquake-prone 
zones. Many radon anomalies have now 
been recorded, especially in Russia and 
China, and some are thought to be related 
and precursory to earthquakes as far away 
as several hundred kilometres*?. Such 
claims have often met with scepticism, 
particularly in the United States because no 
known mechanism could explain the 
relationship. Recently, a US research 
group reported a similar finding in 
southern California, a region considered to 
be a major seismic gap, where a long 
segment of the San Andreas fault was 
broken during a magnitude 8 earthquake in 
1857 and where recent episodes of aseismic 
crustal uplift have been hotly debated. 
Shapiro and his colleagues at the 
California Institute of Technology 
reported’ that during the second half of 
1979, anomalously high radon emanation 
was recorded at two of their three 
monitoring stations spaced about 30 km 
apart along an east-west frontal fault 
system of the Transverse Ranges of 
southern California. They suggested that 
the radon anomalies, together with several 
other anomalies recorded at about the 
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same time in and near the Transverse 
Ranges by other investigators, may be the 
result of large-scale strain and that they 
may have been precursory to a magnitude 
6.6 earthquake on 15 October 1979, in the 
Imperial Valley, which is about 290 km to 
the south-east of the radon stations. 

Shapiro also cites anomalies observed 
20km east of his eastern station at 
Arrowhead Hot Springs by Craig and co- 
workers® of the Scripps Institution of 
Oceanography. The group took monthly 
water samples from Arrowhead and 15 
other springs and thermal wells scattered 
throughout southern California between 
the Transverse Ranges and Imperial 
Valley. They analysed the contents of 
radon, helium and several other dissolved 
gases and found the values at Arrowhead to 
have increased significantly between May 
and the end of 1979. They attributed these 
increases to a smaller (magnitude 4.8) but 
closer (30 km) earthquake that occurred on 
30 June at Big Bear Lake. No significant 
anomaly was recorded at any of the other 
15 sites during this period. 

A third group studying groundwater 
radon in southern California is headed by 
Teng’, of the University of Southern 
California. He analysed water samples 
taken once a week from 13 wells and 
springs in the Transverse Ranges. One of 
the study sites was Arrowhead Hot 
Springs, about 150 m from Craig’s site, and 
a sudden increase in radon emanation was 
detected in May 1979. However, not 
enough data were collected at Arrowhead 
to see how long the radon anomaly lasted. 
Teng and colleagues detected, in addition, 
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some spiky radon increases at two other 
sites about 10 and 50 km, respectively, 
north-west of Arrowhead, and they. 
consider the anomalies at all three sites to 
be precursory to the Big Bear earthquake. 

Previously, radon anomalies had been 
observed before the magnitude 5.0 Malibu 
earthquake on 1 January 1979, at one of 
Teng’s sites in the Malibu Mountains and 
at Shapiro’s western station about 54 km 
east of the epicentre. However, no 
significant anomaly was observed before 
some other significant southern California 
earthquakes, notably the magnitude 5.6 
Santa Barbara earthquake on 13 August 
1978, about 150 km west of Shapiro’s 
western station. 

The recent radon data from southern 
California (like those from USSR, Japan 
and China), although encouraging, leave 
many questions unanswered, even if we 
assume that the anomalies are truly 
earthquake related and not merely 
coincidental. For example, why are some 
earthquakes preceded by radon anomalies 
and others not? Why have the 1979 
anomalies been recorded mainly at 
scattered places in the Transverse Ranges, 
where no earthquake of magnitude larger 
than 5.0 occurred, yet in Imperial Valley, 
the site of the largest earthquake, no 
anomaly other than a 15-week drop in 
seismicity was recorded? If anomalies are 
site dependent, what factors distinguish a 
good site from a bad one? One might also 
ask whether the empirical relationships 
given in the! literature between the 
amplitude, duration and spatial extent of 
the anomalies and the magnitude, time and 
location of the ensuing earthquakes are 
valid or oversimplified, why some radon 
anomalies are episodic, but others spiky, 
and why most anomalies are positive, yet a 
few negative (decrease from background 
level). Finally, what are the mechanisms 
that relate radon levels and earthquake 
activities? 

Clearly more data on radon, as well as on 
other geochemical and geophysical 
parameters, are needed. During a recent 
trip to China, I was told that 
hydrogeochemical studies were accorded 
the third priority in the Chinese earthquake 
prediction programme, after seismicity 
and crustal deformation studies. Research is 
progressing rapidly in the United States and 
nearly 30 pertinent papers have been 
published during the past 2 years, most of 
them in two special issues of the Journal of 
Geophysical Research (June 1980) and the 
Geophysical Research Letters (May 1981). 
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Vision and the optic flow field 


from J.R. Lishman 


ATTEMPTS to understand how animals see 
have largely.been made by the study of the 
perception of stationary forms even though 
it is probably true that the greater part of 
our, or any other animals, use of the visual 
sense is in the control of movement. When 
we are walking, running, driving or 
catching a ball the visual stimuli we are 
receiving are constantly changing. There is 
perhaps a tendency to believe that we can 
comprehend such changing stimuli only by 
performing a sort of ‘frame-by-frame’ 


analysis which reduces the dynamic input. 


to a series of static pictures and that an 
understanding of perception during 
motion will come only after we have 
understood picture perception. 

A different research strategy is to look 
for relationships in the dynamic pattern of 
visual stimulation — the optic flow field — 
that might be used directly to control 
behaviour. An example of this approach is 
seen on page 293 of this issue of Nature. It 
is shown that the time at which a diving 
seabird closes its wings before hitting the 
surface of the water appears to be 
controlled by a visual variable t (tau) which 
gives, at constant velocity, the time-to- 
contact with the surface of the water and 
which the bird could measure from the 
optic flow field without knowledge of 
either distance to the water or velocity. The 
simple derivation of this tau variable from 
the changing visual stimulation at the 
retina is explained in the box alongside. 

The time-to-contact at constant velocity 
given by the tau variable and the rate of 
change in the time-to-contact during 
acceleration and deceleration given by the 
time derivative of the tau variable may be 
exploited to control behaviour in a variety 
of tasks. One that has been recently 
examined is the control of braking by car 
drivers’. 

Consider someone driving along a 
straight stretch of road with another car 
ahead. If the lead vehicle is travelling at the 
same or a faster speed than the following 
vehicle then its retinal image size will be 
constant or contracting and if it is stopped 
or is travelling at a slower speed its image 
will be dilating. The change in the optic 
image of the lead vehicle tells the driver. 
whether he is closing on the vehicle ahead. 
If he is closing on the vehicle then he has to 
begin braking early enough and control his 
deceleration appropriately to avoid an 
accident. At first sight it may seem that to 
do so the driver must know his velocity, the 
deceleration produced by his braking and 
his distance from the obstacle ahead. He 
can, however, control his braking force 
(and thus the rate of change of his own 
velocity) much more simply and directly 
through monitoring the rate of change of 
the time-to-contact with the lead vehicle 
(the time derivative of the tau variable). 


As can be seen in the box below his 
current deceleration is adequate if and only 
if dr/dt > —0.5. 

There is evidence that a driver does, in 
fact, control his braking by attempting to 
maintain a safe margin value of dr/dt. 
Spurr’ found that deceleration curves of 
test drivers stopping at a fixed point tended 
to conform to the pattern of an initial steep 
linear increase in deceleration followed by 
a gradual decrease. If for an individual 
driver the deceleration curve for different 
speeds is plotted in a dimensionless form 
(that is, the deceleration as a fraction of the 
average deceleration throughout the stop 
against time as a fraction of the total 
stopping time) the curve is that expected if 
the driver had maintained a safe value of 
dr/dt close to the critical value. 

The agreement between curve and data is 
very close except for the initial build up of 






WHEN an animal is moving through the 
enviroment the optic array at the eye is 
constantly changing and gives rise to an optic 
flow field on the retina. Image elements flow 
out from the point towards which the animal is 
moving. A rigorous description of the optic 
flow field shows that it contains a great deal of. 
information which could be used for 
controlling behaviour. 
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observation to be stationary and the environ- 
ment to be moving towards it at velocity V in 
the direction K to O (see figure). The image 
of the environment falls on the retinal 
projection plane. Two texture elements, P and 
G, in the environment will give rise to two 
images P and G'on the retina which move out 
along radial flow lines emanating from O. 
From similar triangles: 
| Zo I 

moe n =e (1) 
(Z and r are dependent on time t) and if we 
differentiate with respect to time we obtain 

Ror 3 

er te) 
where V is the velocity of the texture element P 
and v the velocity of its corresponding retinal 
image P. Eliminating R between (1) and (2) 

Z I ki 

vi (3) 
Equations (2) and (3) mean that the distance 
coordinates of all visible texture elements are 
Specified within a scale factor V — the optic 
flow field thus gives information about the 
relative distances, sizes and orientations of 
surfaces and objects in the environment. 


= For convenience let us consider the point of 








The data are for a driver stopping at a 
nominated point from various speeds up to 
100 km hl. The curve is what would have | 
obtained if the driver controlled his braking by _ 
maintaining a safe value of dr/dt. 
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Time-to-contact 
Of great interest is equation (3) which gives the | 
time-to-contact with the texture elements 
Z/V . This is equal to the optic variable r/v, tau | 
(rt) which is essentially the distance apart of 
image elements on a surface divided by their 
rate of separation and gives us the sensation of | 
an object ‘looming up’. It gives us a direct | 
measure of the time-to-contact with the 
surface at constant velocity. 
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Control of deceleration 

As described in the text the time-to-contact | 
and its rate of change can be used by a car 
driver to control deceleration to avoid 
collision with an obstacle ahead. A driver 
travelling with velocity V and stopping with a 
deceleration D will come to a complete halt in 
the distance 
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The driver will avaid a collision if this distance i 

is less than that to the obstacle Z. 

Thus the deceleration is adequate if i 
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Now from {4) 
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Differentiating with respect to time t 
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Combining (6) and {7} we see that 


that is, if the rate of change of the tau 
variable i is -0.5 then the driver is 
decelerating rapidly enough to avoid a 
collision. 
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deceleration — this is to be expected as the 
theory simply assumes the driver 
instantaneuosly reaches a particular 
decelation while a real driver does not ‘slam 
on the brakes’. 

The above argument is not restricted to 
the control of man-made machines: exactly 
the same kind of visual information could 
be used to control landing whether of a bird 
on a branch or a bee on a flower and there 
are numerous other skills which require 
accurate visual monitoring of time-to- 
contact. 

Analysis of the optic flow field may 
enable us to explain how athletes get the 
kind of precise visual information they 
need to control their footing. One task that 
has been looked at from this viewpoint is 
the long jump’. A long jumper sprints 
some 40 metres and then leaps off a 20 
centimetre wide take-off board. To achieve 
a successful jump the athlete must leap 
from as close as possible to the front edge 
of the board without overstepping it. 

Film analysis of jumps made by three 
international standard athletes shows that 
the run up can be divided into two phases. 
inthe ‘run up’ the athletes, although trying 
to use a stereotyped approach, inevitably 
build up positional errors as they sprint 
down the track. Three or four strides from 
the take-off they average standard errors in 
footfall position of more than 30 cm. They 
then ‘zero in’ and use visual information to 
adjust the final strides so that they hit the 
board with a standard error of less than ten 
cms (at a speed of around 22mph). 

How do they visually regulate their final 


100 Years ago 





strides? As shown in the figure a stride is 
composed of three segments which can be 
varied independently: the thrust, from the 
start of the stride to the point when the foot 
leaves the ground, which can be increased 
by lowering the hips; the flight the airborne 
distance travelled which can be modulated 
by changing the horizontal impulse (the 
‘drive’) which affects the velocity of the 
athlete or the vertical impulse (the ‘lift’) 
which affects the time for which the athlete 
is in the air; and the landing length, how far 
ahead the foot touches the ground, which 
can be increased by stretching the leg 
forwards. 

Analysis of films of the athletes suggests 
that they zero in on the board by regulating 
only the flight segment of the stride and 
that they do so by modulating the “‘lift’’, 
which changes only the flight time, rather 
than the drive, which changes the velocity. 
The problem of striking the board may thus 
be usefully conceived of as one where the 
athlete makes a timing judgement rather 
than a distance judgement: the duration of 
the remaining strides is programmed just to 
fill the time remaining to reach the board — 
the necessary information being given in 
the time-to contact variable in the optic 
field. 

The apparent simplicity with which some 
behaviours might be controlled by the optic 


flow field has lead some researchers (in 
particular JJ Gibson who provided much 
of the original inspiration in this area) to 
suggest that the relation between 
perception and the optical input to the eye 
is in some sense ‘direct’ and is characterised 
by an ‘immediate pick up of information’. 
Recent controversy (see ref.4 for an 
attack on Gibson’s theory and replies) seems 
to have been confounded by a lack of any 
clear agreement on what is meant by ‘direct 
perception’. Some (its critics) hold that it 
implies the nonsensical idea that 
perception can take place without anything 
going on at all in the head. Others say that it 
merely implies, in contrast to the view held 
by many who study visual illusions, that 
perception does not require an animal to 
make ‘hypotheses’ about the world from 
inadequate visual cues. 

Whether or not there is any value in the’ 
idea of ‘direct perception’ there is little 
doubt that a shift in emphasis from the 
analysis of static visual arrays to a 
consideration of what an animal actually 
uses visual information for (as Gibson 
does in his ‘Ecological Optics’) is likely to 
help us to understand how animals see. 





J.R. Lishman is in the Department of 
Psychology, University of Aberdeen. 
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The Mountain Nestor or Kea (Nestor notabilis). — 
Whatever may have formerly been thought to the 
contrary, there can be now no doubt that animals are 
continually changing their habits in order to suit them- 
selves to the altered circumstances of their existence. A 
very familiar instance of this is that of the common 
swallow, which, in Europe at least, usually builds its 
nest in chimneys. But a much more striking and less 
laudable change of habit has of late years taken place 
in a New Zealand bird, of which we herewith give an 
illustration. Parrots, though varying much in the 
details of their diet, are generally considered to be 
altogether frugivorous. Fruit and seeds, and in certain 
special cases moss and honey, are, no doubt, their 
proper food. But since the introduction of the 
domestic sheep into New Zealand the Mountain 
Nestor, which was previously content with a modest 
repast of an entirely vegetable character, has 
developed a taste for mutton. Many instances have 
now been recorded of this bird attacking not only sick 
and dying sheep, but; it is alleged, even those that are 
strong and healthy, though we should hardly suppose 
that this parrot exists anywhere in sufficient numbers 


to be likely to do the flock-masters any serious injury. From Nature, 24, 534 (1881). 
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The use of molecular and somatic genetics in plant breeding should facilitate the selection and 
enhancement of the production of plants with desirable characteristics. However, such techniques are 
still very much at the experimental stage and several major drawbacks must be overcome before they 
can be applied to agricultural practice—but the effort should be well worthwhile. 





THE present intense interest of plant breeders in adding molec- 
ular and somatic genetics to classical breeding techniques stems 
from the fact that these new techniques overcome the restriction 
on gene flow between organisms that is inherent in conventional 
breeding techniques. Thus, somatic cell fusion permits genomes 
of sexually incompatible species and genera to be brought 
together, while recombinant DNA techniques permit the trans- 
fer of individual genes even between prokaryotes and eukary- 
otes. The application of these techniques to plant cells will be the 
main subject of this review; the reader is referred elsewhere for 
accounts of supporting techniques, in particular plant cell 
culture’ and the regeneration of plants that can be used in 
breeding programmes” 

For a cell to be transformed stably, a foreign nucleotide 
sequence has to be introduced into it in such a way that the 
foreign genetic information can be expressed. Attempts to 
transform eukaryotic cells with foreign DNA have recently been 
increasingly successful, because of the development of markers 
of transformation, the availability of restriction endonucleases 
which enable duplex DNA to be cut into discrete fragments and 
the availability of sensitive techniques, such as DNA-DNA 
hybridization, to ascertain the presence of foreign DNA in the 
genome. 

Early attempts at transformation of plant tissues and cells 
using isolated DNA‘ have been critically reviewed elsewhere*”’, 
Although there was some evidence that exogenous DNA could 
be taken up by seeds, seedlings and cultured cells, most of these 
early reports were probably accounted for by adsorption of 
DNA to cell walls and cell membranes. Furthermore, it was not 
clear whether the DNA that did enter the cell was integrated and 
replicated in the host genome. Some evidence favoured that 
conclusion; other evidence suggested that the exogenous DNA 
rapidly underwent degradation and re-utilization for endo- 
genous DNA synthesis. 

More recent studies on the transformation of plant tissue have 
concentrated on protoplasts which, because of the absence of a 
cell wall, behave similarly to cultured animal cells, and yeast 
spheroplasts, which have been successfully transformed*™! 
Exogenous DNA can be inserted into protoplasts by polycation- 
enhanced endocytosis’? or fusion-like procedures'’, or through 
liposomes'*. Using such techniques it is, for example, possible to 
demonstrate that bacterial plasmid DNA can be recovered from 
the nuclei of cowpea and barley protoplasts'*""*. 

A generalized strategy for plant cell transformation requires 
the construction of a genetic vehicle which is capable either of 
integrating into the plant genome or of independently replicat- 
ing in the plant cell. Such a vehicle would, at the least, 
incorporate a selectable plant marker and a site for integration 
of a passenger sequence. If the vehicle was to be amplified in 
bacteria before transformation it would also contain a selectable 
bacterial marker and, preferably, the genetic information to 
assist its multiplication in the bacterial host. Techniques of 
cloning DNA sequences in bacteria are, of course, already well 
established’’, 
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Selection 


One of the major hurdles in developing transformation systems 
for plants similar to those for yeast"” and mammalian cells'”"” is 
the paucity of stable auxotrophs in higher plants”. Nitrate 
reductase-deficient lines of tobacco’? are one of the few such 
auxotrophs; nia mutant lines, selected for chlorate resistance, 
lack nitrate reductase apoenzyme activity and cannot grow with 
nitrate as the sole source of nitrogen. Protoplasts can be readily 
isolated from the leaf mesophyll cells of these auxotrophs and 
show high plating efficiency; cell colonies from the protoplasts 
regenerate into complete plants”. This protoplast system 
should prove very useful for assessing transformation once 
cloned genomic DNA for nitrate reductase apoenzyine becomes 
available. Although it may be difficult to isolate this gene from 
plants it should be easier from fungi, such as Aspergillus and 
Neurospora. Many nitrate reductase mutants are known in 
Aspergillus”', from which genomic libraries have already been 
made”. 

In the long term it is likely that positive selective markers, 
which can be added to a normal prototrophic genetic back- 
ground, will be preferred. An ideal genetic marker would be a 
drug- or heavy metal-resistance gene. A large number of defined 
drug-resistance markers are known in prokaryotes’, and recent 
reports show that these can be expressed in eukaryotes**”*, 
Thus, when yeast spheroplasts lacking the Lew*” gene were 
transformed with a chimaeric plasmid constructed from 
Escherichia coli plasmid pBR325, a prokaryotic gene for 
chloramphenicol acetyltransferase, yeast 2 um DNA and the 
yeast Leu’ structural gene, yeast cells selected for Leu?” proto- 
trophy had chloramphenicol acetyltransferase activity and were 
resistant to chloramphenicol". Transformation of yeast 
spheroplasts to a state of resistance to the antibiotic gentamycin 
G418 has been achieved using the colicin E1 derivative p4 043 
plasmid carrying the transposable element Tn60!l, which 
renders bacteria resistant to the antibiotic’. In both these cases 
transformation is unstable during mitosis on nonselective media 
because the DNA does not become integrated in the genome. 
Animal cells have been efficiently transformed to G418 resis- 
tance by part of the Tn5 transposon linked to a viral promoter”. 


Integration 

There are two major experimental approaches to the integration 
of exogenous DNA into host plant cell genomes. The first is to 
attach sequences from plant DNA to the exogenous DNA so as 
to create sequence homology between host DNA and the ve- 
hicle for integration. One might, for example, use the tandemly 
repeated plant genes for ribosomal RNA”, already cloned in 
bacteria, in an approach based on the observation that chimaeric 
plasmids containing yeast ribosomal DNA sequences integrate 
into yeast DNA and transform at high frequencies’*. Other 
sequences which may be useful for promoting integration into 
plant DNA are the transposable elements of maize. These move 
from one site to another and integrate at various sites by a 
recombination mechanism which does not apparently depend 
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on extensive homology of the sequences involved’. The activity 
-of the sucrose synthetase gene of maize is affected by a trans- 
posable element, and as sucrose synthetase cDNA has already 
been cloned’’, it should be possible to isolate genomic DNA 
containing the sucrose synthetase gene and to watch for trans- 
posable sequences adjacent to this gene. 

The other major possibility is to use sequences from the 
tumour-inducing (Ti) plasmid of Agrobacterium tumefaciens to 
promote integration of foreign DNA into higher plant cells. The 
molecular basis of tumorigenesis involves the stable integration, 
maintenance and expression of part of the Ti plasmid, the 
T-DNA, in transformed cells*°™. 

The first stable transformation of higher plants by isolated 
DNA involved the incubation of Petunia suspension cell proto- 
plasts with Ti plasmids in the presence of poly-L-ornithine. Cell 
colonies were selected for the acquired tumorous characteristics 
of phytohormone independence, opine synthesis and multi- 
plication when grafted to healthy host stem explants’’*°. There 
are also preliminary indications that tobacco suspension cell 
protoplasts can be transformed with Ti plasmid DNA using 
Ca?*/high pH treatment”, or polyethylene glycol (G. J. 
Wullems, personal communication). Transformation with 
liposome-entrapped Ti plasmid DNA is another possibility, as it 
results in colonies containing T-DNA in their genome (K. L. 
Giles and R. C. Nutter, personal communications) and with a 
higher transformation frequency (K. L. Giles, personal com- 
munication) than with poly-L-ornithine”’. 

There are two strategies for using Ti plasmids as vehicles for 
carrying exogenous DNA into host cells. The first is to insert the 
exogenous genes into Ti plasmids by in vitro methods before 
transforming the host cells in the ways outlined above. Because 
of the size of the Ti plasmid (molecular weight 95-156 x 10°) 
and its multiple restriction sites, it may not be possible to 
reassemble a functional plasmid with foreign DNA integrated at 
the desired site’’. However, some regions of conserved DNA 
may be strong promoters for binding both eukaryotic and 
prokaryotic RNA polymerases’ and could be used in non- 
Agrobacterium-based plasmid vehicles to obtain transcription of 
foreign DNA. 

The second strategy is to use the normal infective process of 
Agrobacterium to introduce Ti plasmids, modified by in vivo 
recombination, into host plants (Fig. 1). For example, trans- 
poson Tn 7, carrying resistance to streptomycin, spectinomycin 
and trimethoprim, and carried on the broad host range plasmid 
pRP4, has been experimentally transferred from E. coli to a 
nopaline strain (T37) Agrobacterium”. One of the transcon- 
jugants selected for pTi and Tn7 markers was able to induce 
tumours on tobacco plants. These tumours failed to synthesize 
nopaline because of the insertion of Tn7 in the nopaline 
synthesis region on the right-hand border of the T-DNA. DNA- 
DNA hybridization showed that the complete Tn7 insert was 
present in the plant tumour genome, integrated at its original 
site in the T-DNA”, but it remains to be seen whether bacterial 
genes carried on the transposon are transcribed and translated in 
tumour cells. Using Agrobacterium with a gene coding for 
phaseolin inserted into its T-DNA, recent studies have obtained 
transcription of bean globulin RNA in tissue cultures from 
sunflower tumours, but not its translation (T. C. Hall and J. D. 
Kemp, personal communication), A method developed for site- 
directed mutagenesis of nif genes of Rhizobium meliloti” could 
be used for the insertion of Tn5, or other transposons, into 
different regions of the T-DNA of Agrobacterium. Tumour cells 
produced by such Agrobacteria could then be screened for drug 
resistance and for the presence of TnS sequences. 

There are several ways in which infectivity of Agrobacterium 
can be used to introduce foreign DNA sequences into plants 
(Fig. 1). The simplest is to make tumours on intact plants and 
then study the tumour tissue for the presence and expression of 
foreign sequences. Such tumour tissues may be highly chimaeric 
and may have to be cloned for isolating transformed cells. A 


much refined procedure for effective cloning of transformed - 


cells is to infect cells cultured in suspension*’ and cells newly 


regenerated from protoplasts with intact Agrobacterium. Cells 
regenerated from protoplasts*’’*’ can be transformed by Agro- 
bacterium at the high frequency of 1-3%, and protoplast- 
derived colonies can be screened for tumour characteristics or 
traits conferred by foreign DNA. These systems should be 
applicable to most of the dicotyledons for which cell cultures and 
protoplasts are available. 

A further refinement will be to suppress the oncogenic prop- 
erties of the bacterium while maintaining its infectivity. Shoots 
can be regenerated from many octopine and nopaline tumours, 
but fail to develop roots and these must be maintained by 
grafting to healthy plants. Shoots which arise spontaneously on 


reversion to develop normally, flower and set seed, when main- 
tained as scions*’. Deletions and transpositions in the T-DNA 
region of octopine Ti plasmids affect tumour morphology and 
shoot regeneration®’. There are indications that plants 
recovered from tobacco tumours induced by an octopine strain 
of Agrobacterium containing a deletion in the T-DNA are also 
capable of root formation (M. van Montagu, personal com- 
munication). In tumours which have lost their regenerative 
capacity, it is still possible to obtain expression of T-DNA genes 
at the plant level by the production of somatic hybrids between 
tumorous protoplasts and those of wild-type plants exhibiting 
regenerative capability“ (Fig. 1). 

It is desirable that any potential vehicle should be seed 
transmissible if the use of this new technology is not to be 
restricted to vegetatively propagated plants. Although leaf and 
flower petals from grafted phenotypic revertants of a nopaline 
teratoma BT37 contain T-DNA, the F, progeny tend to be 
morphologically normal, require phytohormones for growth in 
vitro and lack T-DNA. Haploids raised from anthers of grafted 
teratoma plants also lack T-DNA*°, and meiosis is thought 
either to cause or select for loss of the foreign DNA. However, 
some contrary evidence has also been reported, The nopaline 
teratoma BT37, when treated with kinetin, gives rise to normal- 
appearing shoots which form complete plants that lack 
tumorous traits and have lost most of their T-DNA except for 
the border fragments. The F, progeny of these plants also 
contain border fragments, indicating a persistence of the T- 
DNA sequences during meiosis’, In another study, octopine- 
synthesizing shoots, produced from tumours that develop when 
cells regenerated from tobacco protoplasts are transformed with 
octopine strains of Agrobacterium, grow when grafted to healthy 
tobacco stocks. These scions produce flowers which, when 
fertilized with pollen from healthy wild-type tobacco, set viable 
seeds. The resultant F, progeny synthesize octopine, suggesting 
that the T-DNA goes through meiosis (G. J. Wullems, personal 
communication), although this will only be confirmed if the 
progeny plant DNA can be shown to contain T-DNA. 

Monocotyledons, a group to which all the cereal crops belong, 
are not susceptible to crown gall disease at the whole plant level, 
perhaps because they lack the wound response typical of dicoty- 
ledons. It remains to be seen whether cells regenerated from 
protoplasts of such plants are amenable to transformation with 
intact Agrobacterium, or whether protoplasts of monocoty- 
ledons can be transformed by isolated Ti plasmids. 


Transformation without integration 


Attempts are being made to exploit plant DNA viruses to carry 
exogenous DNA into host cells, there to replicate independently 
of the host genome. Of the viruses, the double-stranded DNA 
caulimoviruses** of which cauliflower mosaic virus (CaMV) is 
the type member, and the single-stranded gemini viruses such as 
bean golden mosaic virus*’, are receiving most attention. Only a 
small amount of CaMV (5 yg) is needed to cause infectivity, and 
its particular attraction as a vehicle is that it spreads to all cells of 
the plant. There is a need to find a site in the viral genome where 
foreign DNA can be inserted in such a way that it does not 
interfere with viral replication and yet is actively expressed 
under viral control during normal infection. A possible insertion 
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point in CaMV is the site coding for the virion protein p66, 
which is the most abundant virus-encoded protein in the 
infected plant*’. However, it remains to be seen whether the 
small size of the CaMV genome will place too great a limit on the 
amount of foreign DNA that can be carried. Nor is it known 
whether the disease symptoms of CaMV infection can be 
suppressed. The stability of the CaMV DNA as an independent 
replicon needs to be studied further by infecting dividing pro- 
toplast systems with CaMV DNA. 


Isolating plant genes 


Attention is also being paid to the isolation of desired sequences 
from large nuclear genomes®' of higher plants. The general 
approach is to isolate mRNA****, to make copy DNA (cDNA) 
with reverse transcriptase and to use the cDNA to isolate 
structural genes from libraries of nuclear DNA“. 


cDNA has been synthesized for leghaemoglobin*’, the small 
subunit of ribulose- 1,5-bisphosphate(RuBP)carboxylase /oxy- 
genase** and a large number of storage proteins including zein“ 
and bean seed G1*’. Both plasmids and A phage-derived vehi- 
cles have been used to clone these cDNAs. Structural genes for 
bean globulin G1** and leghaemoglobin®’ isolated from the 
plant genome using cDNA probes have been found to contain 
introns, like many animal genes”’. The bean globulin G1 has 
three introns in the region that has been studied in detail. 
Plants must therefore possess a mechanism for splicing out 
introns; and bacteria, which lack such a mechanism. are 
unlikely to be able to decode plant nuclear genes. How- 
ever, plant chloroplast genes can be expressed in bacteria, 
as has been shown by the expression in F. coli of maize 
and wheat genes for the large subunit of RuBP carboxylase/ 
oxygenase”’. 
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Why transform plants? 


The most desirable manipulations of plants are those which 
would achieve higher plant productivity by additive effects to a 
protrophic background. Major factors affecting yield are carbon 
input, nitrogen input, assimilate partitioning and senescence”, 
together with stress conditions which include salinity, drought 
and disease. Enhanced photoproductivity is the most important 
factor, One way to enhance photosynthesis might be to 
modify the activity of RuBP carboxylase/oxygenase; several 
proposals have been made as to how its efficiency could be 
improved” **, One possibility would be to modify the enzyme so 
as to reduce its affinity for O,, a change which may be achieved 
through site-directed mutagenesis of the cloned gene. A 
difficulty here is that the enzymatic site is on the large subunit of 
RuBP carboxylase/oxygenase’’, which is encoded by the 
chloreplast DNA. Therefore, it would be necessary to insert the 
mutated gene into the chloroplast, for which no technique is 
available. 

It has been suggested that the large requirements of soybeans 
for nitrogen during seed fill exceed the capacity of the plant to 
supply nitrogen by the combination of biological N, fixation and 
uptake of fixed nitrogen®’. As nitrate reductase activity could 
be the rate-limiting step between nitrate and total protein”, 
it will be worth trying to substitute the nitrate reductase 
gene of soybean with that of a plant with a more efficient 
enzyme. 

Because genomic sequences for plant storage proteins which 
code for abundant mRNA can now be isolated, it may be 
possible to modify these genes” to increase their relative 
content of amino acids essential for human nutrition. However, 
amino acid changes in the proteins may change the confor- 
mation of the protein, and seed fill may be impaired; moreover, 
because storage protein genes are transcribed and translated in 
abundance at a particular stage in the life cycle of the plant’®, 
the modified gene will have to be subjected to the regime 
which controls the expression of a battery of storage protein 
genes. 

Given an effective vehicle, it may eventually be possible to 
transfer the numerous genes controlling nitrogen fixation (nif) 
from bacteria to non-leguminous plants and thus to enable the 
latter to grow independently of nitrogenous fertilizers. Cloning 
and amplification of the nif genes have eased the unravelling of 
the molecular organization of the nif gene cluster of Klebsiella 
pneumoniae’'”? and its transcription’*’’*. Transfer and expres- 
sion of nif in other microorganisms such as Azotobacter 
vinelandii, Rhizobium spp. E. coli and Salmonella has also been 
demonstrated’. However, as has been emphasized, “though it 
would seem possible in principle to transfer nif genes to a 
eukarvote the possibility of their being expressed therein iS 
remote indeed’’®. Recently, the nif gene cluster from K. 
pneumoniae has been transferred into yeast, but as yet no 
expression has been observed”. The main reasons for this are 
the complexity of the nif cluster possessing internal prokaryotic 
promoters which may not bind eukaryotic polymerases, and the 
extreme sensitivity of nitrogenase to oxygen inhibition. It has 
been suggested that the latter problem could be resolved by 
constructing a suitable anaerobic habitat inside plant cells in 
which nitrogen fixation could occur. This environment could be 
provided by special mutant chloroplasts which fail to generate 
oxygen”. 

An alternative way of conferring nitrogen-fixation capability 
to plants is to transfer structural genes of legumes involved in the 
symbiotic nitrogen-fixing association with Rhizobium to non- 
legumes. One such gene, that for leghaemoglobin, has already 
been cloned’ and attempts are being made to make cDNA 
for other ‘nodule-specific’ genes which produce moderately 
abundant mRNA”. Such probes could be used to isolate 
genomic sequences which could then be introduced into 
non-legumes using suitable vehicles. Gene transfer from 
legumes to non-legumes may also be possible by somatic cell 
hybridization. 


Somatic cell fusions 


Fusion of protoplasts of widely divergent incompatible species is 
known to result in the directional elimination of one of the 
parental genomes but sometimes with the retention of recon- 
structed chromosomes’ and a few genes*’. Recent studies have 
indicated that, as with mammalian cells*', it may be possible to 
manipulate plant cells in culture by X-ray irradiation of the 
parental cells and other chromosome-destabilizing procedures 
so that directional chromosome elimination occurs after 
fusion®**?, Additional methods for transferring only part of the 
plant genome between diverse species are highly desirable, as it 
is often advantageous to incorporate some limited genetic 
attribute of a donor species. Purified mammalian metaphase 
chromosomes are extensively used as vectors’ and poly- 
ethylene glycol treatment has recently been used to induce the 
uptake of isolated metaphase chromosomes into recipient 
wheat, parsley and maize protoplasts*’. The demonstration that 
pollination of Nicotiana with highly irradiated, compatible 
pollen can cause a few genes from the pollen to be transferred to 
the egg without proper fertilization*®® has stimulated great 
interest. Moreover, parthenogenetic plants are thereby 
produced, avoiding the problems of regenerating whole plants 
from protoplasts. The use of highly irradiated protoplasts fused 
with normal protoplasts may also facilitate the transfer of a few 
genes into a suitable recipient species. It has been suggested that 
such somatic transformation could be used to transfer nitrate 
reductase genes between sexually incompatible species pro- 
vided suitable auxotrophic mutants capable of regeneration into 
whole plants are available”. 

Results obtained so far on the consequences of fusion of 
protoplasts have provided good evidence that, in many 
instances, fusion between those from sexually compatible spe- 
cies will result in the formation of heterokaryons in which both 
nuclear genomes are capable of forming stable nuclear hybrids. 
Organogenesis from hybrid callus will then result in the 
regeneration of somatic hybrid plants with both sets of parental 
chromosomes®”’’. Somatic hybridization can also be used to 
bypass incompatibilities that may exist between plant species. 
Hybrid plants have been produced between species that are 
difficult or impossible to hybridize conventionally’ ”’, including 
the somatic hybrid between two sexually incompatible Petunia 
species which promises to be of horticultural interest”. 

Amphiploids that occur in nature are usually fertile, thus 
ensuring their long-term survival. Artificially induced 
amphiploids such as Triticale vary from complete fertility to 
complete sterility and so it is difficult to generalize about the 
future breeding behaviour of somatic interspecific and inter- 
generic hybrids’. Apart from the problems of breeding 
behaviour, it is evident that progress in the application of 
somatic genetics to plants is being impeded by the fact that 
regeneration from protoplasts is at present restricted to a rela- 
tively few genera, often those of lesser economic value. Most of 
the selection methods described thus far, with the exception of 
individual heterokaryon culture, tend to lead to a preferential 
recovery of amphiploid somatic hybrids, or hybrids approxi- 
mating to this, to the exclusion of other potentially very useful 
plant types. Those potential plant hybrids that may possess one 
complete genome with only a few chromosomes of the other 
parent may be lost during the process of selection, as they may 
not survive the selective growth conditions, or may not even be 
recognized as hybrids. 

The cytoplasmic mix obtained from protoplast fusions is 
novel. It seems likely that, although it is relatively simple to 
bring together two plastid genotypes in a common cytoplasm by 
protoplast fusion, it is difficult to keep them together. The 
inevitable result will be the eventual somatic segregation of the 
two types into two cytoplasmic subspecies, each with only one of 
the two plastid genotypes in its tissues’””°; and it has been 
suggested that the use of an albino mutant for selection may 
cause unidirectional segregation in the case of sexually 
incompatible species”. Opportunities for increasing cytoplas- 


ier 


Nature Vol. 293 24 September 1981 


Umana UTN AA AAAA inite raan ae ee 


mic variability by protoplast fusions may be greater with mito- 
chondria than with chloroplasts because there is evidence for 
mitochondrial recombination in cytoplasmic hybrids of Nico- 
tiana tabacum by protoplast fusion®®. 

If fusion of protoplasts is coupled with inactivation, by irradi- 
ation for example, of the nuclear genome of one of the species, 
and suitable selection procedures are used, novel cybrids can be 
obtained. Transfer of cytoplasmic male sterility in N. tabacum 
(Nicotiana suaveolens cytoplasm) to Nicotiana sylvestris by 
protoplast fusion has been reported”, as has transfer of cyto- 
plasmic male sterility by protoplast fusion in the petunia'”’. As 
an alternative to the inactivation of nuclei by irradiation, pro- 
toplasts can be fractionated into enucleate subprotoplasts®® or 
microplasts'’' which may provide suitable nucleus-free fusion 
partners. 


Prospects 


The procedures of gene cloning will enable us to understand the 
genomic organization of higher plants and to isolate gene 
sequences important in plant productivity. These will be used to 
transform plant cells if there has also been the development of 
efficient vehicles which carry markers for selection in a normal 
prototrophic background. Transformation of plants will require 
an ability to regenerate from these plant cells, and during the 
next decade it is likely that regeneration of plants from proto- 
plasts of the major crops will have been accomplished. In the 
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short term, recombinant DNA technology may be used to 
improve the practical performance of symbiotic nitrogen-fixing 
bacteria, and possibly to create new associations between pro- 
karyotes and higher plants'°*'’*, However, many of the trans- 
formations of plants which would achieve increased plant 
productivity are quantitative rather than qualitative, and are 
controlled by polygenic complexes which are likely to be much 
more difficult to transfer. 

Although it seems likely that plant breeding using well 
established conventional methods will continue to make the key 
contribution to meet the demands of increased food produc- 
tion’, multiple gene transfer mediated by somatic hybridiza- 
tion will, during the next few decades, assume increasing 
significance in the improvement of forage legumes, vegetables 
and fruit crops. Steps towards a broader spectrum of interspecies 
hybridizations in horticulture have already been taken”. During 
the next decade it may be advantageous to attempt to 
incorporate into the recipient crop species some limited, 
perhaps single, genetic attribute of a donor species using a 
transformation procedure which will eliminate the need for 
backcrossing and recurrent selection ™™, In the more immediate 
short term, practical gains will be made using tissue culture and 
protoplast cloning to enhance and release somatic variability in 
plants**, 
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ARTICLE 


Fast atom bombardment of solids as an ion 
source in mass spectrometry 


M. Barber, R. S. Bordoli, R. D. Sedgwick & A. N. Tyler 


Department of Chemistry, UMIST, PO Box 88, Sackville Street, Manchester M60 1QD, UK 
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hatrtok rir MA MIRE Rape eran AAAA AAA h ai an aa aa Na an aae ira iraa: 


A new ion source for molecular structure determination of thermolabile and involatile compounds by mass spectrometry is 
presented together with some preliminary results from peptides, glycoside antibiotics, organometallics and vitamin By2 and 


iis coenzyme. 
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THERE have been several attempts to overcome the necessity of 
presenting the sample to the mass spectrometer in the gas phase, 
before ionization. This limits the range of applicability of the 
technique due to thermal lability and involatility of numerous 
types of compounds, especially in the case of high molecular 
weight substances of biological and biomedical importance. This 
deficiency has been overcome by field desorption of ions’, 
sputtering of ions from surfaces by bombardment with fast ions’, 
and with heavy fission products from the radioactive decay of 
252C¢ (ref. 3) and the use of lasers to desorb ions from surfaces’. 

Most of these methods have serious deficiencies, however. 
Field desorption is a difficult technique experimentally, neces- 
sitating the conditioning of fragile emitters, producing highly 
transient mass spectra, which in many cases seem to be 
dominated by thermal degradation of the material. The “°Cf 
plasma desorption source, although producing spectacular 
results, presents many difficulties, while laser-induced desorp- 
tion of ions is in its infancy. 

Perhaps the most tractable method has been to use the 
sputtering of ions by fast ion bombardment (SIMS)*” to produce 
both positive and negative ion mass spectra of small molecules. 
Again, there are several difficulties: (1) the ions produced have 
large kinetic energy spreads’, thus limiting the resolution avail- 
able in simple mass spectrometers, and (2) the use of fast ions as 
the sputtering medium induces surface charging of insulating 
materials, and also introduces problems if the beam is to be 
steered into the high voltage regions of the ion sources of 
modern large mass spectrometers. 

We have largely overcome problem (2) by using a beam of fast 
neutral atoms as our primary sputtering medium. 


Experimental method 


Our apparatus consists of a cold cathode discharge ion source 
producing Ar“ of controllable energy between 1 and 8 keV. The 
emergent beam is focused and passes through a collision cham- 
ber containing a high pressure (10°°-10™ torr) of Ar gas. 
Resonant charge exchange occurs with little or no loss in for- 
ward momentum. This results in a beam emanating from the 
chamber which consists of a mixture of Ar atoms with approxi- 
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Fig. 1 Positive ion FAB mass spectra of a glycoside antibiotic: 
pseudomolecular and sulphate adduct ions of the gentamvycins. 
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mately the same kinetic energy as the original Ar’, and Ar* 
which has not been charge exchanged. The latter is cleansed 
from the beam by a set of electrostatic deflector plates. The 
whole system is differentially pumped to maintain an adequate 
vacuum in the mass spectrometer ion source. To minimize the 
surface damage, the intensity of the pure Ar atom beam is 
maintained at ~ 10°°-10'' atoms per cm? of target per s. 

To help alleviate problem (1) we have modified the ion source 
region of an AEI MS902 double focusing mass spectrometer to 
accept our atom gun. The system has been adapted so that 
materials can be introduced by deposition from solution on to a 
copper stage outside the vacuum and inserted through a stan- 
dard vacuum lock system into the MS902 source to intercept the 
fast atom beam. The ions produced by the sputtering mechanism 
are then accelerated to the normal spectrometer potential and 
pass into the analyser region of the instrument. With such a 
system we have produced moderate resolution mass spectra 
from a wide variety of molecules which have previously proved 
difficult. Using the double focusing instrument we have also 
carried out accurate mass measurements, and using the Barber- 
Elliott technique’ have observed first-field free region meta- 
stable transitions of ions produced by the sputtering 
phenomenon. 
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Fig. 2 FAB mass spectra of some nucleotides. a, Positive ions 
from ATP sodium salt; b, negative ions from NAD. 


Results 


To determine the limitations of this ion source we initially 
studied polyhydroxylated materials such as oligosaccharides 
and, in particular, glycoside antibiotics. These compounds have 
previously been extensively studied, although with difficulty, by 
electron impact, using suitably protected derivatives, and by 
field desorption of the virgin materials. Using fast atom 
bombardment (FAB), even the salts of these compounds can be 
studied by depositing the sample from solution on to the copper 
stage, Figure 1 shows the high mass region of gentamycin 
sulphate. This material is a mixture of three compounds differing 
by CH) units in the A-ring side chain and we can detect each 
component of the mixture quite easily. 

Two general features of these spectra must be noted, the first 
being the observation of an (M+H)* parent ion, It is a charac- 
teristic of this ion source that odd electron molecular ions are 
rarely detected in any abundance as a primary species. The 
analogy may be drawn to chemical ionization in that as a rule, in 
positive ion FAB, even electron (M+H)* ions are produced, 
and (M~—H)° in the negative ion mode. The second feature is 
that high sensitivity is obtained for such a low primary sputtering 
beam intensity. The intensity of the pseudomolecular ion peaks 
of the glycosidic antibiotic gentamycin is of the order of 10° 
ions s"'. 

Commercial samples of these materials are often in the form 
of sesquisulphates or hydrochlorides which have proved to be 
almost impossible to characterize by any other method in mass 
spectrometry. 

Next let us consider simple mono- and dinucleotides. The 
mononucleotides have been investigated by making their tri- 
methyl silyl (TMS) derivatives and using electron impact ion- 
ization. Some field desorption work has also been reported on 
the underivatized monophosphates’. There seems little problem 
in producing mass spectra from these molecules in an un- 
derivatized form using the FAB ion source, either as the free 


acids or as their sodium salts. Figure 2a shows the FAB spec- 


trum of the sodium salt of ATP. We have also obtained spectra 
of similar quality from the dinucleotide salts of NAD and FAD, 
the former being illustrated in Fig. 26. The fragmentation 
obtained from these molecules is shown and reveals consider- 
able structural information. 
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Another class of compounds, the sulphonic acid derivatives of 
aromatic naphthalene and anthraquinone systems, are of inter- 
est in the dyestuffs industry and have been extensively investi- 
gated using field desorption mass spectrometry which has 
“proved to be of little value. We have obtained good spectra from 
- molecules containing up to five sulphonic acid groups, as both 
free acids or their sodium and potassium salts. Figure 3 shows a 


typical spectrum which can be obtained from these compounds; | 


considerable fragmentation of the molecule takes place which is 
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easily explained on the basis of the structure of the original 
material. 

The ability to sequence peptides has probably been one of the 
most spectacular successes in structural mass spectrometry. 
Careful choice of derivatives were necessary when using con- 
ventional methods of ionization. The existing techniques have 
gained increasing popularity, and have led to the sequencing of 
not only moderate-sized molecules such as the enkephalins’, 
but, after suitable enzymatic cleavages, to the amino acid 
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Fig. 3 Negative ion FAB mass spectrum of anthraquinone disulphonic acid. 
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Fig. 4 Positive ion FAB mass spectra of the oligopeptide leucine enkephalin. 
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sequence of some proteins’. We have concentrated on investi- 
gating the FAB mass spectra of underivatized peptides, with a 
view to determining the size of peptide amenable to this method 
and the sequence information contained within the spectra. 
Figure 4 shows the positive ion mass spectra of leucine enke- 
phalin on which the sequence ions are indicated. Similarly for 
bradykinin, the FAB spectrum revealed comprehensive 
sequence information with cleavages being observed for both 
the C-terminal and N-terminal ends. 

The largest underivatized peptide that we have investigated is 
human gastrin 1 of molecular weight 2,096. This peptide gave 
reasonable ‘peeudo-molecular’ ion intensity, (M + Na)* at m/z 
2,119, but lack of sensitivity with our present equipment has 
prevented detailed examination of the fragmentation of this 
molecule. From these preliminary investigations it seems that 
sequencing underivatized peptides at least as large as gastrin 1 
may be possible. 

We have also studied the fragmentation pathways which give 
rise to the major peaks found in the FAB mass spectrum of small 
peptides as revealed by standard metastable detection methods. 
Figure 5a shows such ‘metastable’ transitions occurring in the 
positive ion FAB mass spectrum of the tripeptide, H-Ala-Leu- 
Gly-OH and the transitions are interpreted. Alternatively, the 
Barber—Elliott method’ of metastable scanning on the same 
molecule is shown in Fig. 56 with the interpretation of the 
various transitions interpreted. This sort of information is 
crucial for understanding the mass spectra from any class of 
compounds, and we believe that this is the first demonstration 
that sputter ion sources produce ‘molecular’ species with inter- 
nal energy, sufficient to produce ion decompositions in the gas 
phase, entirely analogous to the other ionization methods. 

We now consider some organometallic systems. The first 
example is a rhodium complex, the positive ion spectrum of 
which is shown in Fig. 6a. This is of interest for two reasons. 
First, the molecule is thermally labile and water sensitive, and 
gave no mass spectrum of any worth by conventional methods. 
Second, it is produced as an oil, demonstrating that the FAB ion 
source can accommodate liquids. It is also of interest that the oil 
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produced a ‘non-fading’ spectrum without modified sample 
preparation. 

Our final examples of organometallic systems are the vitamin 
B.: complexes. Schiebel and Schulten’’ describe B;2 as a ‘mile- 
stone’ in mass spectrometry. We have successfully obtained 
mass spectra not only from cyanocobalamin but also from the 
hydroxy and methyl derivatives. The FAB mass spectrum of 
cyanocobalamin is shown in Fig. 6b. It is interesting to compare 
our spectra with fleld desorption spectra. These are dominated 
by aset of peaks at m/z 914 and m/z 932, with the parent peaks 
being very small. In our opinion, the field desorption mass 
spectrum is dominated by thermal degradation which we do not 
observe. In addition to these cyanocobalamins, we have been 
able to obtain the first mass spectrum of the coenzyme of vitamin 
B,2 as shown in Fig. 6c. The interpretation of our spectra will be 
discussed elsewhere. 


Discussion and conclusion 


FAB mass spectrometry has immense possibilities for extending 
the mass range of materials accessible to mass spectrometric 
analysis, especially when the usual mass spectrometric facilities 
are available. However, certain points and generalities 
concerning the characteristics of this ion source need clarifying. 

First, sample preparation and manipulation are essentially 
very simple. The material is deposited from solution or a slurry 
on to the sample stage, requiring no previous generation of 
delicate substrates, as in field desorption. During our work we 
have noted, as others have reported” that in many cases the 
spectra obtained are transient; rapid ‘fading’ ensues with a half 
life for the pseudomolecular ion of the order of a few minutes. 
The origin of this fading is obscure, being possibly a mixture of 
surface damage by the primary atom beam, and surface 
contamination by the residual gases from the relatively poor 
vacuum obtainable in the ion source region in most conventional 
large mass spectrometers. 

We have, however, largely overcome this effect by judicious 
use Of solvent and support systems, paying particular attention 
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Fig.5 Metastable ions in FAB mass spectra: a, second-fiekd free region metastable ions in H~Ala—Leu-Gly~OH; b, Barber—Elliott metastable 
scan showing the precursor ions of m/z 185° in H-Ala~Leu-Gly-OH. 
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Fig. 6 Positive ion FAB mass spectra of some organometallic 
compounds: a, rhodium complex; b, cyanocobalamin (vitamin B42); 
c, the coenzyme of vitamin Biz. 


to the viscosity and volatility of the medium from which the 
sample is deposited on the stage. By this means we have 
preserved samples, with no depletion of ‘parent’ ion sensitivity 
over periods of hours. 

One disadvantage of this ion source is that the ions produced 
have large kinetic energy distributions and most of the double 
focusing instruments obtainable commercially are not fully 
energy focusing. Indeed our instrument whilst performing fully 
first order focusing in terms of direction and energy, has a large 
second order energy aberration. If full use were to be made of 
this, and other high kinetic energy ion sources, then fully 
corrected second order focusing geometries must become stan- 
dard in the next generation of high performance mass analysers. 

Improvements must be made to the vacuum systems used in 
conventional organic instruments, such that ultimate pressures 
in the ion source and related regions of instruments should be in 
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the region of 10° torr or better. As sputter ionization methods 
are surface sensitive, they require an environment which makes 
surface contamination minimal. 

We do not believe that we have yet nearly realized the full 
mass range capability of this ionization method. Indeed, using 
simple polymers as samples, we have covered the full mass range 
of our existing instrument (4,000 daltons) but this at a serious 
reduction in sensitivity due to the large reduction in ion 
accelerating voltage (a factor of 4) and consequent poor ion 
extraction efficiency from the source itself. High field strength 
magnets are available commercially, which partly alleviate this 
problem. 

If, however, we consider a target specification as a mass range 
of 5,000-10,000 daltons at present source extraction efficien- 
cies, then the physical size of the next generation of fully- 
energy-corrected instruments must be reconsidered. 


a lt 


Nature Vol. 293 24 September 1981 


AUC I AEC HRA RMSE IAL RISA ANAM ARAMA HE EA ARMOR ERIE MRE HEAR AAT PRE EAYAI IRR AAA AA RAPHE AMAA ananena e e e e e 


A generalization of the ionization process, and other sputter 
sources, is that genuine odd-electron molecular ions are rarely 
observed. 

Even-electron pseudomolecular ions of the type (M +H) or 
(M—HY are invariably observed. We have observed large M* 
ions in polynuclear aromatic systems, but metastable analysis 
has revealed that these arise by unimolecular dissociation of the 
(M +H)” species. 

In many cases, especially for carbohydrates, we can stabilize 
the ‘molecular’ species by deliberate alkali ion addition to give 
an even-electron (M+ Na)’. Compounds presented to the 
source in the form of alkali metal salts, for example, carboxylic 
acid salts of the type R.COONa, give rise in the positive ion 
spectra to (RCOONa,)”. Such observations indicate that 
considerable ion—molecule interactions must take place during 
the collisional process of sputtering, and we may therefore draw 
some analogy to chemi-ionization as the predominant means of 
producing the ions we see. A simple, molecular dynamic treat- 
ment of the sputtering phenomenon’? suggests that the initial 
impact by the fast particles creates a growing cavity within the 
lattice which contains a high density gas of randomly distributed 
particles. A secondary effect due to the dendritic growth of 
collision chains within the lattice is considerable surface layer 
peeling, where whole layers of the material seem to be able to 
separate from the rest of the solid. 
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Cygnus X-1, a strong X-ray source in a binary star system, is 
generally considered a good candidate for a black hole’. Its 
X-ray emission provides the best method of studying the physi- 
cal processes near the collapsed object. The average energy 
spectrum (in the ‘low’ state) is remarkably stable? and has been 
interpreted as the result of comptonization, that is Compton 
scattering of optical or UV photons in a very hot plasma’. We 
have measured the low-state spectrum on 26 October to 18 
November 1977, over a wide energy range (3 keV-8 MeV). 
This is the first measurement to cover such a broad energy range 
and the first long-term average measurement above 300 keV. 
This spectrum agrees well with a single temperature 
comptonization model at low energy, but shows a significant 
excess at high energy (E > 300 keV). 

Our observations were made with two instruments on the 
HEAO 1 satellite, in the spacecraft's scanning mode, in which 
the X-ray detectors scanned great circles on the sky once every 
30 min, covering the entire sky in six months. The lowest-energy 
data (3-40 keV) came from one of the xenon proportional 
counters of the GSFC Cosmic X-ray experiment’ (A2), during 
3-8 November 1977. Higher-energy information (15 keV- 


ee ee LA LC atten AAA A a Aa a aa e A A EE PETEA AA E E EE samen 


GÜZE-0836/81/390275——03$01.00 


LETTERS TO NATURE 





eV s ra apara hre a e A er A irr ta e i h h rl m hereon r i N W AA BiN ra HAH Nt AEO NTETE A 





Within the high density gas cavity, both positive and negati 
ions, neutral ions and electrons can be formed in the initial” 
process by ‘percussive’ ion sputtering mechanisms. Here a 
molecule is placed on the high repulsive potential energy side of 
its potential energy hypersurface by the initial impact, and can 
then decay by surface crossings into dissociation products which. 
are ion pairs or any other combination of ions, neutral species 
and electrons. We thus have a system in which a high probability 
exists that ion~molecule reactions occur in the high density 
cavity with subsequent chemi-ionization of neutral species 
which are being peeled from the surface. This, we believe, is the 
essence of the ionization processes occurring in this and other 
similar 10n sources. 

We conclude that the FAB ion source has the following: 
advantages. (1) Ionization occurs from the solid, so no sample 
volatilization is necessary. (2) Sample preparation is easy. 
compared with derivatization techniques or field desorption. 
experiments. (3) There is high pseudomolecular ion sensitivity. 
together with structurally significant fragmentation. (4) A very 
high mass range of molecules are now accessible. 

We thank the SRC for support, Dr C. A. McAuliffe for 
provision of the vitamin B,. and coenzyme samples and 
Manchester Polytechnic Department of Chemistry for the 
nucleotide samples. 
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8 MeV) came from six different Nal scintillation counters in the 
UCSD/ MIT Hard X-ray and Low-Energy Gamma-Ray 
experiment’ (A4). We obtained spectra from both of this 
experiment’s low-energy detectors (15-180 keV), three of the 
four medium-energy detectors (100 ke V~2 MeV), and the bhigh- 
energy detector (200 keV~8 MeV) by a point-summation tech- 
nique. Detector response functions were calculated for the 
proportional counter and the 15-180 keV scintillators by 
analytical models, and for the other scintillators by a Monte- 
Carlo simulation. Figure 1 shows the resulting composite 
spectrum for all detectors from both experiments. The propor- 
tional-counter spectrum has been multiplied by a factor of 1.3 
to make the best match in the overlap range (15-40 keV), This 
is allowable because Cyg X-1 is variable and the proportional 
counter data were taken only during a small portion of the total 
observing time. 

The strong X-ray source Cyg X-3 is only ~ 8° from Cyg X-1, 
close enough to confuse measurements made by detectors with 
wide fields of view. Fortunately, the 15-180 keV scintillators 
had a small field of view (1.2° x 20°), thus we were able to obtain 
independent observations of Cyg X-1 and Cyg X-3 in this energy 
range. These showed that the emission of Cyg X-3 was negligible 
compared with that of Cyg X-1 above 100 keV. Thus we have 
rejected all data from the medium- and high-energy scintillators 
below 100 keV. The proportional counter also had a small field 
of view (3° x 3°). 

As Cyg X-1 is variable, we must show that the spectrum did 
not change during our observations. Figure 2 shows the history 
of the intensity of the Cyg X-1flux, as measured by one of the 
15~180 keV scintillators. There is no significant linear trend in 
these data. We compared the 15-180 keV spectra from 14 
different two-day intervals, fitting each with a comptonization 
spectrum. At the 95% confidence level, our measurements were — 
consistent with no variation in the spectrum shape. Our 95% 
confidence limits for the r.m.s. variation in x7. and y are 
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Fig. 1 Average photon spectrum of Cyg X-1 in October- 
November 1977. The upper limits are twice the statistical 
uncertainty. The heavy line is a single-temperature model which 
fits well below 200 keV, but falls far short of the data at higher 
energy. The light line is a two-temperature model which fits better. 


2.2798 keV and 0.072563, respectively. We also compared the 
100 keV-2 MeV scintillator spectrum for the central 12 days of 
the observation (when there was a small increase in the low- 
energy scintillator rate) with the spectrum of the first and last six 
days. There was no significant difference up to at least 400 keV. 

Figure 1 shows the best-fit model spectrum of the form 
described by Sunyaev and Titarchuk* and by Sunyaev and 
Trimper’; this-has the form 


dN on n+3 
TA Axe! yo e(1 +=) dt (1) 
where A is a constant, x = E/kT., 
3 =) a 
= —>+(y4+- 2 
es (y 4 2) 
m mee? 


y= (3) 


m AEA 
3kT.{ Tot =) 


T. is the temperature of the electron gas, m, is the mass of an 
electron, and 7, is the optical depth of the gas to Thompson 
scattering. This result is appropriate for a spherical gas cloud. 
For a disk geometry, which may be more appropriate for Cyg 
X-1, the factor 3 in the denominator of equation (3) should be 
changed to 12 (ref. 4). The best-fit spectrum has kT.= 


32.4+0.4 keV and y = 2.39 + 0.01, with absorption by a hydro- 


gen column density of 1.8 10°' cm”. This gives an optical 
depth of 3.9 or 1.6 for spherical or disk geometry, respectively. 

Our measurement below 200 keV agrees well (except for 
30% greater intensity) with the most precise previously-repor- 
ted spectrum’, which was fitted by a comptonization model with 
a slightly different temperature (27 keV) and optical depth (5). 
At higher energy (> 300 keV), we agree with most previous 
measurements*”'°, but below that of Baker et ai.''. However, 
our broad energy range and good low-energy sensitivity allow us 
to test the model more severely than do these previous 
measurements. Note that, in Fig. 1, the model function is a good 
fit to the data below 200 keV, but at higher energy, the data are 
in excess of the model. The excess contains about 5-10% of the 
total X-ray luminosity. 

To account for the high-energy excess, we added a second 
component to our model spectrum, using as candidates a power 
law, a broad line at 511 keV, and a second comptonization 
spectrum with a lower temperature. Each of these diminished y? 
for the fit significantly. An E~' power law caused the reduced y” 
to drop from 2.89 to 2.77 (for ~ 150 d.f.), which is significant at 
the 99.4% confidence level. A line at 511 keV with a width of 
640 keV FWHM and a strength of 1.8 x 107° photons cm~? s™' 
produced a y? of 2.57. Best by far was the second comptoniza- 
tion spectrum, with a x? of 1.82. The two components had 
temperatures of 15.2+1.0 keV and 41.6+ 1.2 keV, and ys of 
2.4+0,3 and 2.1+0.2 (see Fig. 1). None of the models tried gave 
an acceptable value for y”. Most of the excess y’, however, 
comes from the energy range 15-40 keV, and might be attrib- 
uted to systematic difficulties in combining data from two 
different instruments at the ends of their energy ranges, Small 
discrepancies in this energy range receive a very heavy weight 
because the statistical uncertainties are small. Note that the 
second comptonization spectrum reduces the significance of the 
excess flux in the 281-863 keV band only from 6.6 to 3.5ø. 
There is still room for improvement at the high-energy end, 
perhaps in the form of a third component. 

In the context of comptonization models, a distribution of 
electron temperatures from 15 to ~ 100 keV could explain the 
observed strong high-energy emission. The lower temperature 
limit for this distribution could not be much below 15 keV, as the 
single-temperature model fits fairly well at low energy. Accord- 
ing to the two-temperature accretion disk model of Shapiro et 
al,’ (see their Fig. 4), we should expect just such a distribution, 
with a sharp lower-temperature cutoff. 

Cyg X-1 is almost unique among galactic X-ray sources 
because of its hard spectrum at energies > 50 keV. A thermal 
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Fig. 2 Intensity of Cyg X-1 emission expressed as detector 
counting rate in the 15~180 keV band. Each data point represents 
0.56 days, one tenth of the binary orbital period. The error bars 
represent lo uncertainties based on photon-counting statistics. 
There is considerable day-to-day scatter, but no long term trend. 
The long horizontal bar indicates the period in which the scin- 
tillation counter spectrum (15 ke V-8 MeV) was measured, and the 
shorter bar ʻA?’ shows the time when the proportional counter 
spectrum (3-40 keV) was measured. 
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emission process, such as the comptonization model discussed, 
would favour the identification of Cyg X-1 with a black hole or 
other object without a strong magnetic field, which would 
modify the spectrum through cyclotron processes. The spectrum 
of athermal process would be cut off at an energy determined by 
the maximum temperature. Our observations show that such a 
maximum temperature must be at least in the neighbourhood of 
50-100 keV, approximately the largest value allowed by current 


theory’? 
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The distinctions between compact cores in various powerful 
extragalactic sources have proved difficult to interpret. In a few 
source categories (for example radio galaxies and quasistellar 
radio sources) extended structure on much larger scales exist; 
their energy is undoubtedly supplied through the narrow chan- 
nels that are being increasingly observed and seem to be directed 
from the compact cores. Continuous production of high-energy 
plasma in a high-pressure region at the core centre is necessary 
to account for the energetics and channel structures’. The 
twin-exhaust mechanism’ is one means of alo double jets in 
active galactic nuclei. As originally envisaged“, the ‘central 
engine’ continuously releases hot gas in the centre of a flat- 
bottomed potential well formed by the stellar cluster in a galactic 
centre. This potential well holds a cloud of cooler gas which 
confines the hot gas in a central cavity. If the cooler gas cloud is 
flattened (for example, by rotation), buoyancy forces can 
accelerate the hot gas into two collimated jets via de Laval 
nozzles. These jets may correspond to the observed radio jets in 
quasars and radio galaxies, and result in the formation of 
extended double sources. Here, we combine new results from 
numerical calculations’ of the Blandford—Rees model’, with 
severe observational and theoretical constraints, to reach 
conclusions concerning the nature of the allowed flows. In 
particular, we conclude that high-velocity, high-powered jets 
cannot be produced in gravitational potentials produced by 
stellar clusters. However, the more general notion of the twin- 
exhaust mechanism’, in which the central potential can be 
cusp-like near a massive black hole, is not ruled out for the 
high-powered radio sources. Note also that more compex twin- 
exhaust models (for example, magnetohydrodynamic flows) 
may lead to less severe constraints. 
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Blandford and Rees’ obtained analytical results by treatii 
the cavity flow as that of a one-dimensional relativistic fluid with 
the containing cloud supported by thermal pressure in a fat- 
bottomed potential well. They proposed central clouds of size 
<100 pc. Wiita? demonstrated that a cloud as small as 1 pcis still 
consistent with X-ray observations. Furthermore, he also used a 
‘12’ dimensional numerical method* to study the formation 
process and discovered a lower limit to the power for which jets 
form. Recently, a fully two-dimensional axisymmetric code has. 
been used” to explore the formation process, with full inclusion 
of nonlinear hydrodynamic instabilities. Several interesting 
results were obtained and are summarized below. 

A self-gravitating cloud with an axial pressure ratio of 2: 1 was 
used and non-relativistic hot gas introduced with specific energy 
~10 times greater than the cloud’s specific energy, s. For a 
certain central luminosity range (Lmin, Linax}, nozzles do form’, 
but are more compact than those assumed previously’ *. Above. 
Lmax ~~ 2.02°/*G~"', the jet collapses and large clouds are ejected. 
Below Linin~ 0.05e°G"', the jet continuously pinches off and 
reforms and small bubbles rise out along the symmetry axis. 
These limits are also seen to be limits on the nozzle radius 
rx——jets form when 0.14 <7,<0.6h, where A is the pressure 
scale height in the cloud. These results were analytically 
generalized by careful consideration of the cavity structure and 
instabilities (for details see ref. 6). The lower limit.is due to the 
Kelvin-Helmholtz instability breaking up thin nozzles, whereas 
the upper limit is due to the Rayleigh-Taylor instability along. 
the cavity walls. Thus we found that jets form between 


) hee Cy 10M to 
Ce ee 
10“* ergs™? £ 3Co M, 10° kms (1) 


Lai Cy n 10M Cy 7 ! 
10* ergs”! eels 3c M. /\10*kms@ 2) 


where co and c, are the sound speeds in the cloud and hot gas, 
respectively; M, and M, are the mass of gas and total mass, 
respectively, within h; and £c} = GM/h, that is, 


h M, Co i | 
mortise) 4 
I pe 1 10° Ma/\10° kms” (2 


These can be derived from L& picjr;, where p, is the jet 
density®. The maximum follows directly from the condition 
ra <0.6h. The effectiveness of the Kelvin-Helmholtz instability 
results in the higher exponent of (c,/3co) in the minimum jet 
power (this extra exponent of 4/3 is a combination of jet thrust 
(2) and growth rate and phase velocity (~2/3)). It follows that 
jets cannot be maintained for c; > 30cp. 

We note the critical dependence on co. If co typically varies 
between 10° kms™' and 3.10f kms™*, then the jet power can 








and 





'8 001 oa Gr 7 
hipe 
Fig. 1 The constraints on galactic nuclei mass M, and scale height 
h for jets of power 10 46 ergs” ! in the optically thick case as 
described in the text. Both observational (solid lines) and theoreti- 
cal constraints (broken lines) cannot be simultaneously satisfed. 
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range between 10°’ ergs” and 10°* ergs’. Such a wide range is 
necessary to cover all sources with jets or extended components. 
We suggest that these formulae will also hold for a radiatively 
supported cloud, taking cj ~ p,/p where p, is radiation pressure 
and p is the mass density, and also for a relativistic gas after 
adjustments are made for relativistic effects that will involve 
factors of 1 —c?/c°. Without the support of numerical simula- 
tions and given the complexity of three-dimensional fluid flows, 
these extensions are tentative. 

We list below the observational constraints imposed by 
quasars and the compact central components of radio galaxies. 

(1) h<1ipe. This comes directly from very long baseline 
interferometry observations (there is also a class of radio galax- 
ies with sizes of a few kpc that will not be considered here)’. 

(2) Collimated energy outputs, L,, between 10*’ ergs™' and 
10“ ergs™’ are typical over long time scales. The quasar jet in 
4C 32.69 may require up to 10“ ergs (ref. 8). Directed 
outbursts in strongly varying radio quasars often require 
10** erg s~ over periods of a few years’. The upper end of the jet 
power range provides the severest constraint when combined 
with equation (1). 

(3) X-ray luminosities from quasars are in the range L~ 
10*°~-10* ergs”! (refs 10, 11). Only a fraction of this is thought 
to occur by thermal emission. Thus, although less extreme cases 
exist, we can place a severe limitation on quasars with jets by 
taking L,_=<0.1L;, where La is the free-free emission from the 
cloud. This constraint will then also apply to radio galaxies. 

To these we add the following theoretical constraints. 

(4) p= 10°Mo(1 pe/h)*? pe is a maximum stellar density 
for ordinary stars'*"’*, derived by requiring a star collision time 
>10° yr. Above this value, star mergers occur and the star 
cluster is rapidly converted into a supermassive star. This value 
is extremely high and we believe that the maximum p, may in 
fact be smaller. Greater densities are possible if collapsed stars 
are present. 

(5) Mass outflows from galactic nuclei >M ~ 1,000 Mo yr™ 
lead to enormous difficulties’. There is no known mechanism for 
continuously supplying the central engine at such a rate over 
long time scales. As L; = 24c2M (with c; = 3co), limits on M 
force limits on L,. 

Constraints (1) and (2) can be satisfied for a portion of the 
parameter space (M,, M,), given co, cı and £. It is convenient to 
rewrite constraint (1), using equation (3) as (£ = 1, c = 3co): 


M, Cy ) 
ec ee 4 
10°M.~ =h (a5 kms '/ ’ 4) 


and to bound M, by constraint (2) using equations (1) and (2): 


M: _ (Me (e) a 
10M Paa TE 10fkms™/ \10* ergs (5) 


Near the limiting values, much of the flow is disrupted by 
instabilities, perhaps giving rise to the observed radio jets. 
Efficient energy transfer will occur in the range ~(0.1, 0.7) of the 
bracketed quantity in equation (5), and we shall take the mean to 
be 0.4. We have also taken c; =3co. Because Lin? Lax aS 
cı > 30c, this will not greatly affect our results. 

First consider the case where the confining cloud is optically 
thin, that is, the optical depth, 7, of the cloud is less than unity. 
The thermal X-ray emission is given by” 


La A ( M, eeo čo ) 
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This constraint is stronger than the optical depth condition. 
When equations (4), (5) and (6) are combined, a lower limit to co 
is obtained: 


Co Co 1/8 L, 3 7) 
10* kms” ;>0.6{1+2, ie km =) fr ergs 
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Fig. 2 The allowed luminosity range for various possible 
confining clouds. 


An upper limit for co is obtained by invoking constraint (4) and 
eliminating h using equation (3): {(e./10*kms ')< 
0.7(M:/10'°M o)”. This yields the result that if we wish the 
flat-bottomed potential to be produced by stars, then co< 
5.3x10° kms‘. That is, the twin-exhaust model for a stellar 
cluster necessitates low sound speeds. Due to the restriction 
cı < 30c, stellar cluster models cannot produce the stable rela- 
tivistic jets previously assumed**. Using equation (7), the 
maximum jet power is 2.7 x 10*° ergs”. These limits to cy and 
L; may be related to head-tail radio galaxies and other weak 
radio sources, where low jet speeds have been inferred". 

We can find further solutions involving stellar potentials if the 
cloud is optically thick. Here cj ~ p,/p ~ GM,/h where p, is the 
radiation pressure and p is the mass density. The median jet 
luminosity can be rewritten as (c; = 3c, E= 1): 


L; ~1.6( M, )( M, ) AE (8) 
10° ergs" — \10’M3/\10°Me h 


The total radiation limits M, through the Eddington limit. Here 
we take 





M, Léda L; 
10°M s k 


10°° ergs 

This proves to be unimportant in the following. Further con- 
straints are M,<M,, and M,/10’Mo>4.3(h/1 po)? is the 
condition for the optical thickness of the jet to exceed 10 (if the 
cloud is optically thick, but the jet is optically thin, the advan- 
tages of taking an optically thick cloud are lost). For M, < Mn 
the optically thick and observational constraints (1-3) can be 
satisfied (Fig. 1) only if M,<3x10’Mo for the twin-exhaust 
model. The theoretical constraints (4, 5), however, require M, > 
8.4x 10’M.; for L; = 10° ergs” ' Thus we find two possibilities: 
either L,< 1.4x 10% ergs ' or the mass is not in the form of 
ordinary stars. The second possibility necessitates masses of an 
order of magnitude above that given by constraint (4). Thus, 
again we have found that stellar cluster models are implausible 
for high powered jets. 

Finally, we can look at supermassive clouds by taking M, = M, 
and so dropping constraint (4). Use of constraint (5) in equation 
(8) yields L; < 6 x 10" erg s`’, after eliminating h using equation 
(3). Here, the low sound speed of the dense cloud is prohibiting 
powerful jets. 

There are two alternatives to assuming that M, is in the form 
of stars. The first is to have the mass in a cluster of collapsed 
objects. With the increased collision times, constraint (4) can be 
relaxed, but we will not pursue this possibility here. The other is 
that the mass is primarily in a central black hole that will produce 
a cusp-like potential (1/r). Such supermassive objects can meet 
the mass requirements of either of the above models and are 
consistent with observations’®. 

Can jets form in steep potential wells? The pressure dis- 
tribution of a stationary adiabatic atmosphere surrounding a 
point mass is of the form Par “Y” Yar” for a specific heat 
ratio y = 5/3 where r is the radial distance. It was found‘ that the 
cavity structures analysed here will only be produced for Par ™ 
with m <2. Thus adiabatic atmospheres are not permissible. A 
radiatively cooling cloud will have a flatter pressure distribution. 
With pressure dominating gravity, the mass requirements are 
eased; moreover, the rate of cooling leads to a central accretion 
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rate consistent with the mass ejected through the jets®. We 
further suggest that the cloud sound speed is ~10* kms"', as 
then the jet velocity will be nonrelativistic, ~0.1c, which agrees 
with expectations’. This model predicts that jets approaching 
relativistic speeds, that is, c; > 30co~ Lmin > Lmax, Will be 
highly variable and short-lived, perhaps giving rise to the rapidly 
separating discreet components observed in such sources, and 
intrinsic outbursts with =10*’ erg s”*. 

We conclude that the twin-exhaust model for radio jets 
cannot be ruled out, but that distinct classes of confining clouds 
(Fig. 2) may occur. The low-powered jets (L; <= 10*° erg s~’) can 
be maintained by a flat-bottomed stellar cluster potential. These 
jets must have nonrelativistic jet velocities, which could be as 
low as 10°-10* kms~', comparable with the interstellar velo- 
cities which the jets may encounter on the way out of the ‘central 
engine’. Thus, these low-power jets could still have black hole 
sources (r ~ 10°” pc), but with the jet flow becoming randomized 
before being refocused by de Laval nozzles on scales of ~1 pc 
where the gravitational potential is dominated by the stellar 
cluster. It seems that if the stars are replaced by a central black 
hole with a cusp potential and a non-adiabatic atmosphere, then 
powerful jets are attainable. It is hoped that the above analysis 
will suggest future observations which will distinguish between 
these models. 
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in the past five years, glass formation has been observed in many 
chemical systems involving zirconium tetrafluoride’*. These 
ionic glasses were unexpected as no theory of glass formation 
had predicted their occurrence. Most common glasses can be 
explained by the Zachariazen theory® which gives criteria for 
vitreous structures with highly directed three-dimensional bond 
arrays, according to energy and kinetic considerations. 
However, the theory does not encompass some new amorphous 
systems such as amorphous germanium or the new ionic glasses. 
I review here the structural and energetic conditions for glass 
formation in ionic systems with particular reference to fluoride 
glasses. 

In some non-stoichiometric compounds, especially in ‘anion- 
excess’ phases, the structure includes both order and disorder 
elements, the cations describing a regular network related to the 
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average crystallographic cell and the anions being situated in a : 
disordered way over equivalent positions around the cationic — 
sites. Examples are UO,., (ref. 7), (CaY)F,., (ref. 8), MEss - 
(ref. 9) and (Zr, Ln) (O, Fh., (ref. 10). Which all have cubic 
symmetry. A cubic distribution maximizes the cation~—cation 
distances and therefore minimizes their coulombic repulsion. If 
this regular cubic distribution may be precluded, for example, by 
addition of larger cations, then the cationic array may also be | 
disordered. Such a relationship exists between the non-stoi- - 
chiometric phrases (Ln, Zr)F;., (ref. 11) and the ternary ZrF.- — 
LnF;~BaF, glasses (ref. 12). 3 

The predominant role of the anions in disordered ionic solid | 
state phases enables the problem of glass formation to be 
addressed by considering the additional features leading to 
stabilization of a non-periodic packing. This approach involves = 
both energetic and ordering elements. Glass formation is — 
allowed if the rate of nucleus formation and the velocity of | 
crystal growth are low enough to avoid noticeable recrystal- 7 
lization of the melt between liquidus and glassy transition. This 
may be achieved when the activation enthalpy for shear viscosity ` 
is high. In the case of covalent network glasses, the structural 
implications are expressed by Zachariasen rules. For ionic glas- 
ses, the first obvious condition is that the mobility of highly 
charged cations in the structure is low, Besides, constructing a 
non-periodic structure implies that there are several ways in 
which the cations can be inserted in the anionic packing, which is 
also correlated to the fact that the energy of the glassy structure 
must be close to the energy of the crystalline forms that derive 
from it. 

The lattice energy of the solid W, may be written as: We= 
We + We, where We is the electrostatic energy and Wa the 
repulsion energy resulting from the overlapping of the electronic 
shells. The electrostatic term W, may be rigorously calculated 
by summation of convergent series in direct or reciprocal space if 
the precise structure is known". It may be expressed as the sum 
of the repulsive anionic energy Waa, the repulsive cationic | 
energy Wrc, and the interaction energy between ions of 
opposite sign W;: 


We = W+ Weat Wac 


with W,<0, Wea and Ware > 0. 

The predominant part is W, which is proportional to the 
product of the cationic charge n and the anionic charge z. We, is 
proportional to z* and Wace to n°. We will increase with 
increasing n, and decreasing bond lengths, as long as the repul- 
sive part We is not too important. In a vitreous ionic structure, 
only a short-range order exists and therefore the coulombic 
energy restricted to near-neighbour ions is likely to be similar - 
for crystals and glasses. The medium- and long-range coulombic | 








Table 1 Glass forming ability of various cations with respect to anionic 
and cationic field strength 
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Class 

Cation Anion  F,* Fec" Fa/Fe progenitor Ref, 
Al** F 0.78 5.6 72 Yes 19 
Be** F 0.78 7.4 9.5 Yes 19 
ge F 0.78 5 6.4 Yes 12 
Hf* F 0.78 5.2 6.7 Yes 20 
Ga?” F 0.78 48 6.1 Yes id 
Fe** F 0.78 4.7 6.0 Yes 14 
Cr’ F 0.78 49 6.3 Yes 4 
Th** F 0.78 3.8 49 Yes 15, 16 
yt F 0.78 3.1 4.0 Yes 21,22 
Zn?” F 0.78 2.8 3.6 Yes 2» 
si** F 0.78 15.4 19.7 No 

Mo** F 0.78 14.6 18,7 No 

Ca?’ F 0.78 1.78 2.3 No 
NaF F 0.78 0.85 1 No 

Zn?” Ci 0.55 3.33 6.0 Yes 

Bi? C] 0.55 2.91 3.3 Yes 23 
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contributions may, however, differ significantly. A maximum 
interaction energy is reached when the set of the anion~cation 
distances is minimum and hence the anion packing is most 
compact. 

Glass formation is most likely for an ionic material if the 
relative part of the short-range energetic terms is important and 
there is a high potential barrier between the cationic sites as 
implied by a high cationic site potential. Thus, the first condition 
for a disordered distribution of the cation is that the anion 
packing must exhibit many more possible sites than actually 
needed. This is favoured by a large anion/cation ratio, and 
depends also on the size and the geometry of the sites. For 
example, in a compact packing of spheres, there are two tetra- 
hedral sites and one octahedral site per anion. Small sites are 
generally more numerous, and the cation which can possess 
several different coordination numbers has also more insertion 
possibilities. The second condition relates to the packing itself 
which must not be close-packed because otherwise ordered 
structures such as close-packed hexagonal or face centred cubic 
would appear. Finally, the ordering forces arising from the 
cationic repulsion must be minimized. 

The different elements to be taken into account dealing either 
with electrostatic energy (E) or with ordering (O) criteria are 
summarized below: 


E, is the interaction energy between anions and cations. 
E, is the intercationic repulsive energy. 
E, is the repulsive energy of the anion packing. 


O, is the ratio (number of empty sites)/(number of cations). 
O, Avoids a close-packed arrangement of anions. 
O, Minimizes ordering forces induced by cationic repulsion. 


In view of these elements, the cations exhibiting a high field 
strength n/R appear as potential vitrifiers as they induce a high 
stabilization energy W, and a large anion/cation ratio. 
Moreover, they are usually small, which increases the number of 
potentially available sites. It seems that glass formation in ionic 
systems cannot normally be observed when all the cations 
exhibit a field strength lower than a limiting value which depends 
on the average anionic field strength Fa. 

On the other hand, when the cationic field strength is high 
compared with the anionic field strength, then the repulsive 
cationic energy Wrc is large in comparison with the interaction 
energy W, so that the ionic character of the bonding disappears 
and some competition occurs between a tridimensional—and 
therefore solid state-—structure and molecular arrangements, 
resulting usually in gaseous or liquid phases. In practice, the 
criterion 10> F-/F, > 2.5 could be used to predict whether a 
cation may be a glass progenitor. In the usual case of multi- 
‘component glasses, the strength F must be weighted by the 
atomic fraction x, so that the factor P,=.x,F, evaluates the 
contribution to the vitrification. 

Larger cations may enhance the likelihood of glass formation 
both by influencing the kinetics of the crystallization process and 
by decreasing the average intercationic repulsion (E2) and 
therefore the ordering forces (O;), and also the anionic repul- 
sion in the dislocation areas (E;). Moreover, the introduction of 
large cations is a good way of precluding a close-packed anion 
array, as they do not usually insert m tetrahedral or octahedral 
sites (O2). Such cations exhibiting a weak field strength are 
usually called ‘modifiers’ in the sense that they ‘modify’ the 
periodicity of the network, here this term describes the 
modification of the compactness and the electric field. 

The zirconium fluoride glasses are the best example of ionic 
glasses. The Zr** ion exhibits a medium field strength (Z/R = 
5), but it may insert in in various sites with coordination number 
of 6,7 or 8. Its advantage is that it will stabilize a fluoride packing 
in which a high anion/cation ratio will pertain and the repulsion 
arising from its rather high charge (4+) may be compensated 
both by large cations with lower field strength (Ba’*, La’. . .) 
and by F-F bridges (ref. 10). 

The glass-forming ability of various cations is reviewed in 
Table 1 according to the anionic and cationic field strengths. In 
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fluoride systems, many new glasses have recently been prepared 
from trifluorides and tetrafluorides associated with modifiers 
and sometimes with transition metal difluorides’*"'°. Note that 
lithium may insert in both tetrahedral and octahedral sites: 
LiF-rich glasses have thus been synthesized either in association 
with metaphosphates which decrease the average anionic field 
strength”, or combined with a few per cent of tetrafluoride, 
which increases both the anion/cation ratio and the average 
cationic field strength’®. 

The BeF, and ZnCl, glasses’? may also be described as ionic 
glasses, rather than by analogy with covalent glassy SiO). Flu- 
orophosphate glasses in some ranges of composition'’ cannot be 
considered as continuous network glasses and therefore an ionic 
analysis would be more correct. Finally, ionic salt glasses— 
carbonates, nitrates, hydrogenosulphates'’—— are also relevent 
to this analysis with the specific aspect of the non-sphericity of 
the NO, and CO,*~ ions. 

Clearly the concept of a vitreous network involving covalently 
directed bonding does not apply to ionic fluoride glasses. The 
present discussion provides a framework for understanding the 
existence of the fluoride glasses and provides guidance for 
predicting new ionic glass-forming systems. These ionic glasses 
will prove important in new technological fields such as optical 
fibres and IR transmittance’’. 

I thank B. C. Tofield and C. T. Moynihan for helpful 
comments. 
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We report here a re-analysis of the sedimentology of the Msauli 
Chert (‘oolite’) which shows that environmental conditions 
during the early depositional phase of the Fig Tree Group in the 
Barberton Greenstone Belt were of a deep water nature. The 
unit is compared with Quaternary sediments deposited in the 
Pacific Ocean at bathyal to abyssal depths. 

The Msauli Chert is a pale green-grey chert unit about 20 m 
thick in which the silica is clearly of a secondary nature. In 
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Fig. 1 Generalized geological map of the Barberton Greenstone 
Belt with the Msauli Chert localities marked. 
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stratigraphical terms the unit has been placed either at the base 
of the largely sedimentary Fig Tree Group’ or near the top of the 
Swartkoppie Formation’, the uppermost formation of the 
underlying 3.3-3.5 x 10° Myr old** Onverwacht Group (Figs 1, 
2) which underlies the Fig Tree Group. The latter largely 
comprises extrusive and intrusive mafic and ultramafic rocks. 

The Msauli Chert is characterized by interspersed 2 cm and 
30 cm thick units of concentrically laminated spheroid grains up 
to 10mm in diameter (designated accretionary spheroids). 
Whereas most descriptions of this lithology from the Barberton 
Greenstone Belt'**~’, agree on the accretionary nature of these 
spheroids, the formation process is controversial. Inter- 
pretations of the accretionary spheroids include: (1) shallow 
water carbonate’ ooids deposited as widespread oolite shoals 
analogous to those described from the Bahamas Platform*”; (2) 
accretionary lapilli’ (found in both recent and ancient pyro- 
clastic deposits within subaerial volcanic terrains''~*’) which fell 
into a shallow water body; and (3) pisoliths (M. J. de Wit, R. 
Hart, A. Martin and P. Abbott, in preparation) formed near 
recent subaerial hydrothermal vents, such as those associated 
with geyserites of the Yellowstone Park’ and Taupo geother- 
mal zone, New Zealand (M. J. de Wit ef al., in preparation). 
These possibilities suggest a shallow marine or subaerial origin 
for the grains, and this has been used to substantiate a shallow 
water environment for the Msauli Chert””’’. In contrast, other 
studies of the Fig Tree Group in the southern part of the 
Barberton Greenstone Belt have emphasized its deep water 
nature’”. In addition, the Msauli Chert is associated with vol- 
canic rock sequences that have been directly compared with 
oceanic crust’’*'. In these sequences pillow lavas are pre- 
dominantly non-vesicular and have abundant variolitic struc- 
tures*, suggesting a deep water environment (>1,500 m) by 
analogy with studies of modern oceans”. This conflicting evi- 
dence has prompted us to re-examine the Msauli Chert and 
assess the environment it represents by studying other sedimen- 
tary features associated with the unit. 

During a regional geological mapping programme in the 
southern part of the Barberton Greenstone Belt (M.J.d.W., 
1978-81), two excellent exposures (Fig. 1) of the Msauli Chert 
were discovered on the farms Clarendon 714JT and Granville 
Grove 720JT. The first locality enables the unit to be studied in 
the laboratory and the second exposes a water-polished section 
suitable for detailed sedimentological analysis of the unit (Fig. 3). 

At the second locality the Msauli Chert comprises normally 
graded units 2-85 cm thick (Figs 3, 4a). These units have sharp 
bases which are often erosional. The spheroids commonly 
comprise the coarse basal part of the graded units (Figs 3 and 4a, 





b), are usually <3 mm and rarely up to 10 mm in diameter. Their 
cortex is concentrically laminated and may have a definite 
nucleus, sometimes deep green in colour. The spheroids are 
predominantly microquartz chert (<30 um) with interspersed 
sericite. The nuclei vary from angular to rounded and contain a 
high proportion of sericite mica. The space between spheroids is 
filled with chert grading from microquartz to megaquartz, which 
in parts follows a pre-existing radiating fibrous chalcedony. 

The top of each normally graded unit comprises grains of 
silicified sand- to silt-grade material with thin beds of black chert 
that may represent silicified carbonaceous mudstone in places 
(Fig. 3). However, black chert layers may have various origins™ 
and may even form as veins. The silicified sand- to silt-grade 
material shows well preserved sedimentary structures (Fig. 44), 
including planar lamination, ripple and climbing ripple cross- 
lamination (types A and B and sinusoidal type**), mudstone- 
siltstone interlamination, convolute lamination (Fig. 4c) and 
very rare dune-form cross-bedding (Fig. 3). Accretionary 
spheroids are occasionally included in planar laminated, cross- 
laminated and cross-bedded units. 

Most of the graded units show ordered sedimentary structures 
like that of turbidites*®*’ (Figs 3 and 4a, b). Either the top of the 
Bouma sequence” is missing (Fig. 4b) because of the erosive 
base of the succeeding graded unit (that is, they are generally 
amalgamated) or the bottom part of the Bouma sequence is 
missing, probably due to the variation in the initial flow velo- 
cities of the depositing current or to the grain size distribution of 
the sediment available for redeposition. 72% of the units fall 
into this classic turbidite category (ABC, BC, AB, ABCD andso 
on), 14% show only one Bouma division (A, B, C) and another 
14% have one division missing (AC, BD, ABD). 

This resemblance to Bouma sequences has been reported 
previously'’, although it was noted that the A-division only 
rarely passed upwards into a B division. From the polished 
exposure described here it can be shown that of graded units 
starting with an A division, 80% pass upwards into a B division 
and only 20% pass upwards into a C division. Previously repor- 
ted is a high degree of sorting in the basal few centimetres of a 
particular A division’’ and similarly in this study of the graded 
units investigated, one unit from each locality shows a layer at 
the base of the A division that is far better sorted than the rest of 
the division. These layers are 5cm (Fig. 4b) and 7 cm thick 
respectively, and consist of large accretionary spheroids 1l- 
10 mm in diameter, with the large spheroids scattered randomly 
within the small spheroids (there is no grading). The layers are 
devoid of the finer interstitial sand and silt material that charac- 
terizes the remainder of the spheroid-rich A division. The 
poorly sorted graded upper part of the A division was probably 
deposited in the turbulent conditions of a classic high-velocity 
turbidity current and the grains which comprise the thin basa] 
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layers described were probably transported under the influence 
of grain dispersive pressure, as true grain flows™*. It is possible 
that the turbidity currents in these two cases were riding on a 
carpet of cohesionless grains experiencing the Bagnold effect’, 
and that the basal layer was preserved by the ‘freezing’ of this 
carpet, perhaps because of a change in depositional slope. The 
upper part of the unit was then deposited under the influence of 
the turbidity current. The basal layers described above approx- 
imate to the calculated theoretical maximum thickness of 5 cm 
for grain flow deposits*’, thus supporting this interpretation. 
The grain flow layer from locality 2 occurs at the base of one of 
the thicker (68 cm), more proximal graded units, where such a 
layer might be expected to develop. 

Of the three previous environmental interpretations for the 
depositions of the Msauli Chert listed above, the oolite shoal 
hypothesis is the least tenable. Studies of both recent and 
ancient oolite shoal bodies of the Bahamian type emphasize the 
development of large-scale cross-bed sets 0.4-4 m thick**’. 


Accretionary spheroids 

A in graded units 
nd-and silt 
astic mater 


ian 


All 
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silicified 


Structures as big as these are not present at the localities studied. 
It would also be difficult to explain the development of so many 
graded units in terms of a shallow carbonate model. However, it 
is possible for carbonate grains such as ooids to be transported 
by storm or tidal currents over the edge of a carbonate shelf or 
platform, to be deposited at the base of the slope. Lime- 
stones deposited in such a way have been described from the 
ancient? and Quaternary examples have also been de- 
scribed*’**. The deposition of the graded units at the base of a 
shelf or platform slope would be consistent with the 
identification of grain flow bases to the units, because grain flows 
require considerable slopes to maintain themselves™* >>”, 

The interpretation of the grains as accretionary lapilli” 
implies an association with an air-fall volcanic ash. These were 
considered to have fallen into shallow water to allow the 
separation of lapilli from sand- and silt-grade ash material, to 
develop graded units by differential settling. To explain the 
sedimentary structures described from the tops of the graded 
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Fig. 4 Sedimentary features in the Msauli Chert indicating 
deposition by turbidity currents: a, a graded unit with postulated 
Bouma divisions marked. Subdivisions on the scale are 5 cm long; 
b, sawn section through the grain flow base of a graded unit 
overlying planar laminated and ripple cross-laminated sand- and 
silt-grade material of the underlying graded unit. Postulated 
Bouma divisions are marked; c, convolute lamination at the top of 
a graded unit. Subdivisions on the ruler are 5 cm long. 


units, ‘tidal currents’ were invoked to rework the top of each 
graded unit. Although the evidence presented here does not rule 
out the possibility that the grains were accretionary lapilli, this 
mode of formation for the graded units is unlikely because: 
(1) the tidal currents would have to rework unreasonably large 
volumes (50-90% ) of each unit; (2) it is doubtful whether tidal 
currents would produce such a high ordering of sedimentary 
structures; (3) the interpretation does not predict the develop- 
ment of erosional bases to the graded units. 

The possible interpretation of the spheroids as accretionary 
lapilli complicates the interpretation of an environment of 
deposition for the graded units. As well as forming in airborne 
ash clouds, accretionary lapilli may form in base surges'*— 
pyroclastic-laden currents which spread out from the base of a 
vertically rising volcanic ejecta column. These have been 
classified as a type of density current'*. They can generate 
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subaerially a normally graded unit containing sedimentary 
structures. However, work on Recent base surges'*'’*°** 
indicates that they resemble turbidity currents in process but not 
in product. Although base surge deposits can be normally 
graded, they are often reversely graded‘*'°*", Also the preser- 
vation of upper and transitional flow regime sedimentary struc- 
tures such as antidunes and plane bedding’***” is far more 
common than in turbidity current deposits. Where lower flow 
regime structures are documented from base surge deposits, 
large-scale dune-form cross-bedded sets 20-100 cm thick'****° 
are described, rather than the ripple cross-lamination reported 
here. If accretionary lapilli are preserved within a base surge 
deposit, they tend to concentrate near the middle or top of that 
deposit'*, Clearly the graded units described from the Msauli 
Chert cannot be ascribed to the deposition of subaerial base 
surges. However, a base surge that enters a water body such as a 
lake or open sea might transform into a classic turbidity current 
and be redeposited in a similar fashion to the graded units 
described here. In fact, such a depositional process has been 
described from a volcanic lake’®. Whether accretionary lapilli 
would survive such a transformation from base surge to turbidity 
current has not been reported and remains doubtful until 
proved. 

The graded units from the Msauli Chert described here are 
interpreted as the product of turbidity currents sensu stricto, in 
which grain flow deposits are rarely preserved as thin basal 
layers. We therefore maintain that although the accretionary 
spheroids originated in shallow water or subaerial environ- 
ments, they were later redeposited at considerable depth. This 
agrees with evidence from underlying rock types, non-vesicular, 
variolitic, mafic pillow lavas which indicate considerable oceanic 
depths. 

Closely analogous to these ancient sedimentary deposits are 
the graded units of greenish-grey sediment, 5-80 cm thick, 
which are found in the equatorial Pacific Ocean”. They consist 
of a mixture of shallow water carbonate grains derived from the 
nearby Line Islands mixed with volcaniclastic grains and deep 
water oozes, and are thought to have been deposited by a variety 
of gravity flow types including turbidity currents, which trans- 
ported sediment derived from shallow marine carbonate 
complexes, shallow and/or deeper water volcanic terrains and 
basinal deep marine environments into oceanic water depths of 
~4,500 m. Distances covered by the depositing gravity flows 
would be of the order of tens to hundreds of kilometres. 

Although these conclusions suggest that the Msauli Chert was 
deposited at oceanic depths, the latter were probably far less 
during the Archaean than at present**, perhaps as little as 
2,000 m. 
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Fundamental differences of opinion exist about the depositional 
environment of sediments which host the Middle Proterozoic’ 
Mt Isa Cu and Pb—Zn deposits™* of northwestern Queensland, 
Australia. The copper host has been repeatedly interpreted as 
an algal reef?*, and recently as a sabkha’, whilst models as 
diverse as saline lakes® and deep oceanic basins”? have been 
proposed for the deposition of both the Cu and Pb-Zn ore- 
bodies. We now report the discovery of stromatolites, halite 
casts, large cross-bedded channel deposits, and flat-pebble 
conglomerates in sediments closely associated with the ore 
deposit. These sedimentary structures provide evidence of shal- 
low-water deposition with intermittent hypersaline and emer- 
gent conditions during deposition of the Upper Mt Isa Group** 
sequence. The assemblage of sedimentary structures strongly 
supports a shallow-marine or shallow-lacustrine depositional 
model, Either model is inconsistent with the previously postu- 
lated Red Sea-type submarine exhalative mineralization 
model” for Mt Isa. Instead we argue that Mt Isa ore formation 
took place in a shallow-water system, possibly aided by the 
action of evaporite-derived brines. 

The Mt Isa Cu-Pb—Zn deposit, one of the world’s largest 
accumulations of metal sulphides, consists of stratiform Pb-Zn 
ores alongside major Cu orebodies. The Cu mineralization 
(chalcopyrite, pyrite, pyrrhotite) is hosted by a discordant and 
brecciated dolomite—quartz mass, whereas Pb-Zn ores (galena, 
sphalerite, pyrrhotite) are interbedded with dolomitic, 
tuffaceous, and pyritic silty and shaly sediments. 

The sediments of the Mt Isa Group, which are ~4,500m 
thick, consist of a succession of dolomitic and siliceous siltstones 
and shales overlying a thin conglomeratic quartzite. They 
represent the latest infill of the Leichardt River Fault Trough'"”” 
of the North Australian Craton’®. The sequence conformably 
and disconformably overlies some 5,000 m of continental flood 
basalts’? and associated shallow-water sediments. The strata of 
the Mt Isa Group dip to the west at angles of 60°-70° and are 
truncated at the top by the Mt Isa Fault’ (Fig. 1). They have 
undergone lower greenschist metamorphism and local defor- 
mation. Extensive field observations of the stratigraphic 
sequence comprising the Native Bee Siltstone, the Urquhart 
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Shale and the Kennedy~Spear Siltstone (Fig. 1) have recently 
been undertaken. We discuss those observations and their 
implications to ore formation at Mt Isa. 

Algal stromatolites have been found both below the ore- 
bearing Urquhart Shale in the Native Bee Siltstone, and above 
in the Kennedy—Spear Siltstone. The stromatolites of the Native 
Bee Siltstone occur in laterally discontinuous chert—siltstone 
units averaging ~ 2 m thick and consisting mainly of stratiform 
sheets, but with some ridge-rill structures (Fig. 2d). The 
stromatolite fabric is smooth and parallel-laminated with small 
fenestrae. Associated with these structures are stromatolite 
fragments as either interbedded edge-wise conglomerates or 
accumulations in erosional rills. Fragments are frequently 
overgrown by stromatolitic mat. In places, teepee'’ structures 
up to 50 cm high disrupt the chert~siltstone sequence and there 
are local unconformities® at the contact with the Breakaway 
Shale (Fig. 1). 

The Kennedy~Spear stromatolites occurring between the A 
and B stratigraphic markers” (Fig. 1) have different fabrics and 
morphologies from the Native Bee stromatolites. Domes up to 
2m in diameter and up to 80cm high are most common, but 
there are also linear festooned ridges, ring structures, open rings 
and stratiform sheets. Most of these stromatolites are composed 
of branching and coalescing columns which have an average 
diameter of 0.5 cm and are up to 5 cm high. The closely spaced 
columns consist of a fabric of stacked hemispheroidal laminae. 
Laterally linked hemispheroidal and irregularly laminated 
fabrics are also present. 

Within the Kennedy-Spear Siltstone channel deposits 
(Fig. 2c), flat-pebble conglomerates (Fig. 2b), and halite casts 
(Fig. 2a) occur together with stromatolites (Fig. 1). The channel 
sediments consist of coarse siltstones to fine sandstones. They 
contain large trough-shaped cross-beds with foresets up to 1.5 m 
long, dipping at 10°+30° to bedding, and showing bimodal 
palaeocurrent patterns. 

The flat-pebble conglomerates consist of clast and matrix- 
supported fragments of either carbonate-intraclasts or stroma- 
tolitic chert or both. In the A-marker, pebbles are up to 20 cm 
long, rounded and often inbricated. Similar channels and flat- 
pebble conglomerates are also present in the lower formations 
(Fig. 1). 

Following previous reports of pseudomorphs after sulphate 
evaporites’” occurring in the ore deposit, our recognition of 
halite casts stratigraphically above the deposit adds further 
evidence of hypersaline conditions in the depositional 
environment. Halite casts are present both in the form of 
‘hopper’ cube moulds (Fig. 2a) and pagoda-type inpressions on 
bedding planes. 

Earlier reports from Mt Isa? also mention the occurrence of 
small-scale cross-beds in the sequence. These are abundant 
throughout the Kennedy-Spear Siltstone, the Native Bee Silt- 
stone and parts of the Urquhart Shale. 

In the 1900 orebody horizon (Fig. 1), asymmetrical ripples 
occur together with centimetre-scale depositional cycles, 
carbonate-intraclasts and intraclast conglomerates. In upper 
parts of the Urquhart Shale, however, such ripples are confined 
to massive siltstone units (up to 10m thick) which are inter- 
calated with the thinly bedded Pb—Zn orebodies. Palaeocurrent 
data indicate a unimodal trend in contrast to that of the channels 
described above. P 

Table 1 lists the known sedimentary features from the Mt Isa 
sequence together with their environmental interpretation 
based on modern analogues. Shape and internal fabrics of the 
Mt Isa Group stromatolites closely resemble algal structures 
that occur today in shallow marine environments such as the 
tidal flats at Hamelin Pool, Shark Bay'?, and the Persian Gulf’? 
Similar stromatolites are also known from the shore of the 
Great Salt Lake, Utah'*, and the ephemeral saline lakes of the 
Coorong area’, Most of the sedimentary structures associated 
with the Mt Isa stromatolites, for example the teepees, channels 
and flat-pebble conglomerates, independently provide evidence 
of shallow-water deposition. Teepee structures commonly 
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fringe ephemeral lakes, and large cross-bedded channel struc- 
tures are known from tidal? and fluvial’® environments. 
Intraclast flat-pebble conglomerates have been described from 
modern tidal flats’*, shallow subtidal areas’® and ephemeral 
lakes’. 

Crystals of halite, gypsum and anhydrite occur in many 
evaporitive emergent and submergent environments’, and 
therefore their casts and pseudomorphs in the Mt Isa sequence 
indicate former evaporitic conditions, although they may not 
imply shallow water. Likewise small-scale cross-beds may occur 
at any depth. 

However, the total of these sedimentary features, by the use 
of modern analogues, provides evidence of shallow-water 
deposition, intermittent subaerial exposure and hypersalinity 
during deposition of the Upper Mt Isa Group sediments. Such 
conditions are restricted to intertidal—supratidal marine or 
ephemeral lake environments. Unfortunately, few sedimentary 
structures are diagnostic of either of these two possibilities. 
However, the Mt Isa Group shows several stratigraphic features 
indicative of lacustrine sedimentation”, such as the small-scale 
depositional cycles in the Urquhart Shale, the teepees in the 
Native Bee Siltstone and the complicated facies mosaic of 
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laminated organic, detrital and chemical sediments over large 
parts of the stratigraphic sequence. Therefore, we favour a 
non-marine depositional model with intermittent streams, 
playa-lake stages, flash-flood deposits, marginal ridge-rill 
structures and subsurface halite growth. As a modern analogue 
we suggest the Pleistocene to Recent lake complex of the Dead 
Sea Graben system” including its continental sabkhas™”. Our 
model is supported by previous sedimentary—petrographic data® 
which indicates a hypersaline lake environment in an intramon- 
tane setting, and it is also consistent with the model of a 
fault-bounded basin as proposed for the Mt Isa Trough from 
evidence in pre-Mt Isa Group formations’*®. 

The recognition of shallow-water and hypersaline features in 
the Mt Isa Group sediments has significantly improved our 
understanding of the Mt Isa ore deposit. It is now evident that 
the mineralized sequence formed in a system with limited water 
depth. This clearly contradicts the belief that Mt Isa was a deep 
submarine trough. We therefore argue that the often postulated 
Red Sea submarine exhalative kind of model cannot apply to 
mineralization at Mt Isa, as it is inconsistent with the sedimen- 
tological evidence. At the same time any alternative synsedi- 
mentary or early-diagenetic ore-formation model must conform 


Tabie 1 Sedimentary features at Mt Isu and their environmental interpretation 


Sedimentary features Upper Mt Isa Group 
Unit 


Native Kennedy- 
Bee Urguhart Spear 
Sdtstone Shale Suiltstone 

Stratform sheets x X 
Ridge-rill structures X 
Domes 
Rings and open rings 
Ridge structures 
Discoidal gypsum - 
Anhydrite laths 
Halite casts 


Large-scale crossbecs 
Small-scale crossbeds 
Stromatolite pebbles 
Carbonate-intraclasts 
Teepecs 


Stromatolites 


PS pS 


Evaporites 


P pS 
PE PS PA A PA DA PS PS 


PS pA pS pS OM 


Environmental interpretation 
Water depth Salinity 
Fresh 
Semi- Hyper- Pene to 
Emergent emergent Shallow Deep saline saline pormal 
X X 
x 
X X 
X X 
X X 
x 
x 
X 
xX X 
x X X 
X X XxX 
x X 
x 
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Fig. 2 Photographs of sedimentary structures in the Upper Mt Isa Group. a, Halite cast; note preferred growth along corners of former halite 

crystal, Kennedy-Spear Siltstone, B-marker, scale in cm. b, Flat pebble conglomerate with rounded intraclasts. Kennedy-Spear Siltstone, 

A-marker, scale in cm. c, Large trough-shaped cross-beds, Kennedy-Spear Siltstone, B-marker, hammer is 30 cm long. d, Stromatolitic 

ridge-rill-structures, Native Bee Siltstone. The basal LLH- S'? stromatolite is overgrown on ridges by SH- V'* columnar stromatolites. Structure 

on the right shows branching at intermediate growth-stage, then merging of columns, finally a new rill is formed on top of the structure. Note also 
chert fragments infilling the rill between this structure and the single SH-V column to the left. Coin is 1 cm in diameter. 
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to the physiochemical constraints~’ implied by shallow-water 
deposition. This point is strengthened by the presence of flat- 
pebble conglomerates in the 1900 orebody horizon indicating 
semi-emergent conditions in this part of the mineralized 
sequence. In addition, interpreted cryptagal features**” in the 
copper host, and the presence of stromatolites in horizons 
stratigraphically above and below the ore zone indicate similar 
environmental conditions elsewhere in the deposit. We, there- 
fore, argue that the low hydrostatic pressure expected in such a 
depositional system would confine the possible range of vol- 
canogenic-exhalative theories, permitting only the application 
of low temperature mineralization models at Mt Isa. On the 
other hand, the increasing evidence of hypersalinity in the 
stratigraphic sequence (1) supports the argument? that 
evaporite-derived brines** were important to ore-formation at 
Mt Isa and (2) links the Mt Isa deposit closer to the group of 
stratiform base metal sulphide deposits that are associated with 
evaporitic sediments’”’*° 

A more detailed account of the depositional environment of 
the Upper Mt Isa Group is in preparation” and investigations 
now focus on determining how significant the sedimentary 
environment was for the fixation of the metal sulphides. 
Although we consider the role of evaporites to be an important 
aspect of this we also appreciate that more evidence is needed 
before a complete ore-formation model can be formulated. 
However, we have now provided the geological framework in 
which such a model has to be placed. 

We thank P. T. Stoker (Mt Isa Mines), P. J. Cook and L. B. 
Gustafson (both at RSES, ANU) for their encouragement of this 
sedimentological project and improving of the manuscript. We 


thank staff of ANU and MIM for support in the research 
programme and for helpful comments. 
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‘*Q-salinity modelling of marine environments has been pro- 
posed for various areas, including some Arctic seas. The present 
report concerns Arctic coastal waters collected along the west 
coast of Greenland, northern Baffin Bay, the Arctic archipelago 
and the north shore of Alaska. Measurements of O versus 
salinity allow the identification of three main components: 
marine standard water, continental freshwater and sea ice 
meltwater. Continental waters may be represented by either 
glacial meltwater (western Greenland), land drainage 
(Mackenzie areas) or both. Quantitative determinations of the 
respective parts involved in mixed coastal waters imply a precise 
knowledge of the isotopic characteristics of the local continental 
waters. These determinations may be achieved either numeric- 
ally or graphically. 

As part of a research programme on glacio-marine environ- 
ments, surficial (0-50 m depth) water samples were collected 
during the 1977-78 cruises of the J. E. Bernier IT. The sampling 
sites were unequally distributed along the western Greenland 
coast, northern Baffin Bay, the Arctic archipelago and the 
northern coast of Yukon and Alaska (Fig. 1). Detailed in- 
vestigation and sampling were performed in several fjords 
(Qaumarujuk, West Greenland; Cornelius Grinnell, Baffin 
Island; Ramah Bay, Labrador) during subsequent field trips and 
during the CSS Dawson cruise in Belle Isle Strait. 

There have been many studies of the '*O modelling of dilution 
effects, most involving a two-component model''’. Tan and 


Strain'' have proposed a three-component model for central 
Baffin Bay waters which introduces the sea ice meltwater 
component. Here we discuss the application of this model to 
coastal waters on a larger geographical scale. The examples 
presented below are restricted to areas where the various 
components of the coastal waters have been identified. 

The Qaumarujuk Fjord (71°09' N, 51°13’ W) is a 15-km long 
east-west embayment on the west coast of Greenland. It 
receives meltwater from several ice tongues of the Alfred 
Wegener glacier and is a classical example of homogeneous 
continental input, the glacial meltwater isotopic composition 
ranging from —20.5% to —21.7%. A smooth horizontal and 
vertical dilution gradient is observed in the fjord (Fig. 2). At the 
surface, the '*O values range from —16% at the outlet of the 
glacier to —6.3% at the mouth of the fjord. The '*O content also 
increases very rapidly with depth, the 5'°O averaging —1.3% at 
20 m depth and —0.8% at 50m. In this case, the dilution of 
meltwater is essentially restricted to the surface. Figure 3a 
shows that the 5'*O-salinity relationship is almost perfectly 
linear between two components: the standard ocean water 
(salinity 34%; 8'*O SMOW) and the glacial meltwater (salinity 
close to 0%; 5'*O close to —-20%.). Note that no deviation has 
been observed except for analytical errors. 

The west Greenland current is responsible for the absence of 


‘sea ice early in July. This explains the simple two-component 


system which prevails in the Qaumarujuk Fjord. Moreover, 
recent precipitations have an average isotopic composition very 
close to that of the glacial meltwater’? and thus do not affect the 
regression line. 

The Cornelius Grinnell Fjord (63°20' N, 64°50' W) is located 
at the southeastern tip of Baffin Island. It is a narrow, north- 
south estuary, 2-7 km wide and 60 km long, which drains a small 
basin and has a small ice cap at its head. The '“O-salinity 
relationship in the waters of the fjord varies according to the 
location of the sampling profile. The two-component system is 
observed upstream from the glacier outlet with a meltwater 
input (salinity 0%; 5'°O -17%) and a standard marine 
component (Fig. 36). An effect of sea ice meltwater has been 





Fig.1 Map of localization. @, Water sampling locations during the J. E. Bernier cruise; letters indicate other stations: BIS, Belle Isle Strait: CG, 
Cornelius Grinnell Fjord; RB, Ramah Bay; OF, Qaumarujuk Fjord. Arrows represent dominant marine currents. 
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Fig. 2 6'"O-depth relationship in Qaumarujuk Fjord surficial 
waters. 


observed away from the glacier outlet, towards the open sea 
(Fig. 3c). This is due to the influx of oceanic water from the 
Canadian current in the estuary. Inasmuch as this site shows 
both mixing systems, it could represent the most frequent case at 
high latitudes. 

The sampling programme in the Beaufort Sea along the coast 
of Yukon and Alaska was performed west of the main input of 
the Mackenzie River, but the pattern of the oceanic currents 
there (an anticyclonic gyre) causes a wide distribution of the 
continental signal (Fig. 1). Thus, the isotopic composition input 
is very close to ~20%, which represents the average isotopic 
composition of the drainage basin of the Mackenzie River’’. 
Some of the samples collected are quite representative of a 
theoretical double-component '*O~salinity relationship (Fig. 4), 
but most show a deviation towards higher '*O values, indicating 
an influence of sea ice meltwater. 

The Arctic archipelago and northern Baffin Bay areas are 
quite similar, in terms of ‘“O tracing of the various components 
of the waters, to what has been observed in central Baffin Bay by 
Tan and Strain’’. The '*O~salinity values are scattered (Fig. 4). 
They reflect both a heterogeneous but discrete continental input 
and a strong influence of sea ice meltwater. 

Figure 4 summarizes the two- and three-component models. 
Note first the amplitude of 6'°O or salinity changes of each pole. 
The marine component is certainly the most stable and in the 
experimental data presented above, extrapolation of the 
regression lines gives a salinity averaging 34.5% and a &'°O 
within +0.7%. Surprisingly, the very restricted sampling area in 
comparison with the World Ocean volume still gives very similar 
values to those established for the SMOW by Epstein and 
Mayeda'*. Deep Arctic water below 1,000m, which could 
represent this component, effectively gives salinities around 
34.9% and ‘O values varying nonsignificantly from 0 to 
—0). 7% (refs 14, 15). 

The continental component shows large geographical varia- 
tions in ‘°O content. Within the latitudinal range of our sampling 
(50-70° N), the 5'°O values range from ~17% to —21%. A 
clearer continental signal is observed with either a dominant 
glacial meltwater input (for example, West Greenland) or a large 
land drainage basin input (Mackenzie River). Within the area of 
the Arctic Islands, heterogeneous continental inputs may induce 
quite rapid shifts in 5'"O values. The absence of any record of 
the '°O content of precipitations makes it difficult to set absolute 
limits for the depletion in heavy isotopes of the meteoric waters 
above the Arctic Circle. 

Finally, the sea ice meltwater component, which seems to be 
quite constant regionally according to the values measured by 
Tan and Strain'', might be the most variable in time, with 
changes occurring from year to year in the relative contribution 
of frozen seawater and precipitations to the sea ice. Weeks and 
Lee’ observed a salinity ranging from 5.9 to 9.3% in sea ice of 
northern Baffin Bay, but lower values could be expected in sea 
ice originating from marginal marine environments. For 
instance, we observed salinities below 2% in southeastern 


Hudson Bay sea ice where the seawater averages 15%. Due to 
the dispersion of broken ice by the currents, packs of ice could 
introduce anomalies in places. More or less proportional varia- 
tions in '°O content of sea ice meltwater should occur. 

It is easy to understand how the '“O-salinity changes of sea ice 
could be represented by a two-component model—from 100% 
frozen seawater with a 6'°O~+2 or +3% (due to the water-ice 
fractionation) and a salinity slightly above 6% (ref. 11), to 100% 
frozen meteoric water, with a salinity of 0% and a 6'°O value 
equal to that of the local precipitations. Hence, the sea ice 
meltwater pole of the model should be restricted to the 100% 
frozen seawater, inasmuch as the continental pole includes any 
contribution of meteoric waters to the sea ice. Moreover, pre- 
cipitation is very low in the Arctic, so that the actual charac- 
teristics of sea ice meltwater are close to the theoretical pole. 

The relative contribution of each component to coastal 
waters, that is, standard marine water, sea ice meltwater and 
continental input, may be determined with the following equa- 
tions, assuming a salinity equal to 0% for the continental water: 


Same +A (8 E Osampie 5 Oca) 
Sw +A (8 Ow 8 FO.) 
S né T B(S’Ogampie 8 Oa) 


faw = 


fs j Ssi + B(ô O8 a] 
where 
(5.4) 
Ae 
(ô Ous Ocon) 
B= (5 oa) 


(ô BOs Oan) 


and where f is fraction, sw is seawater, cont is continental water, 
si is sea ice meltwater, S is salinity and 6'* is 6'°O/SMOW(%). 

The contribution of sea ice meltwater may also be determined 
graphically by drawing a segment from the sea ice meltwater 
pole to the usual two-pole regression line through any datum 
point in Fig. 4. Thus, for sample JEB-4, S=14.5%, 
5°O=—8.6% and f,=0.16, and for sample JEB-13, $= 
30.3%, 6" O=—1.2% and fa = 0.07. 
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Fig. 3a, 8'°Q-salinity relationship in Qaumarujuk Fjord. The 

full line is the calculated regression line. b, c, &'*O-salinity rela- 

tionship in Cornelius Grinnell Fjord in the absence {b} or presence 

(c) of sea ice meltwater. The dashed line corresponds to an ideal 
two-component mixing system. 
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Note that Tan and Strain’ reduced these equations further by 
assuming an average, long-term continental signal, extrapolated 
from the '“O-salinity relationship in deeper waters. But this 
assumption clearly cannot be accepted for coastal waters 
because of the large variations in ‘“O content of continental 
waters. = 

The coastal waters analysed here show a dominant influence 
of standard oceanic water, which normally represents, out of the 
narrow fjords, more than 75% of the water masses. The 
continental input usually dominates the sea ice meltwater 
contribution. However, by means of the ice pack, sea ice 
meltwater may indeed be the major cause of 5'°O changes in 
surficial waters. 
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Methane, a common trace constituent of groundwaters, 
occasionally makes up more than 20% of the total carbon in 
groundwaters’’. In aerobic environments CH,-rich waters can 
enable microbial food chain supporting a mixed culture of 
bacteria with methane oxidation as the primary energy source to 
develop’. Such processes may influence the isotopic composi- 
tion of the residual methane and because ‘*C/'*C analyses have 
been used to characterize the genesis of methanes found in 
different environments, an understanding of the magnitude of 
such effects is necessary. In addition, carbon dioxide produced 
by the methane-utilizing bacteria can be added to the inorganic 
carbon pool of affected groundwaters. We found carbon dioxide 
experimentally produced by methane-utilizing bacteria to be 
enriched in '*C by 5.0-29.6%., relative to the residual methane. 
Where methane-bearing groundwaters discharged into aerobic 
environments microbial methane oxidation occurred, with the 
residual methane becoming progressively enriched in "C. 
Various models have been proposed to explain the “*C/"*C and 
"C content of the dissolved inorganic carbon (DIC) of 


groundwaters in terms of additions or losses during flow in the 
subsurface*“. The knowledge of both stable carbon isotope 
ratios in various pools and the magnitude of carbon isotope 
fractionation during various processes allows geochemists to use 
the '*C/"*C ratio of the DIC along with water chemistry to 
estimate corrected ‘“C groundwater ages**. We show here that a 
knowledge of the carbon isotope fractionation between CH, and 
CO, during microbial methane-utilization could modify such 
models for application to groundwaters affected by microbial 
methane oxidation. 

Preliminary experiments” indicated that ‘*C was preferen- 
tially utilized by Methanomas methanooxidans, a methane- 
oxidizing bacterium. However, these experiments did not pro- 
vide carbon isotope fractionation factors between CH, and CO, 
because, apparently, little CO, was produced. Methane-utiliz- 
ing bacteria are very efficient converters of substrate carbon to 
biomass carbon—up to 80% conversion has been reported’, 

Galimov concluded that carbon isotopic equilibrium 
between inorganic carbon and methane was generally attained 
in the “upper zone of sedimentary rocks”, and was brought 
about by bacterially-mediated exchange reactions. Equilibrium 
conditions would require that the methane be depleted in ‘°C 
with respect to the associated carbon dioxide. This has been 
verified in laboratory experiments’ and Richet et al.” reported a 
theoretical value of ~0.68 for the fractionation factor between 
CH, and CO, (aCH,-CO,) at 25°C. The fractionation factor, 
aCH,-CO, = (°C/"C)eu,/(PC/"C)co, and 1,000In aCH,- 
CO, a i Cai Coop 

The present study was designed to test Galimov’s conclusions 
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Fig.l The change in carbon isotopic composition of CH, (W) and 
CO, (@) as CH, is consumed by methane-utilizing bacteria. O, 
CH, concentration. 


by investigating mixed-cultures of methane-utilizing bacteria 
which yielded sufficient CO, to measure the carbon isotope 
fractionation between residual CH, and respired CO.. The 
mixed-culture was obtained from stream sediment by repeated 
harvesting of bacteria grown on the surface of a mineral salt 
medium incubated under a methane-air atmosphere. After 
purification, an innoculum of bacteria was washed into a column 
with about 2 litres of mineral salt medium. A CH,-O.-N, gas 
mixture was recirculated through the medium and bacteria. 
These experiments were carried out at 23+3°C. The CO, gas 
produced was continuously removed by passing the recirculating 
gases through a NaOH solution. Almost daily samples of the 
CO, and residual CH, were collected for carbon isotope analy- 
sis. The recirculating gas was also sampled for CH4, O2, N2 
analysis by gas chromatography. Enough O-N, was added to 
the system to maintain a constant, slightly positive pressure. 

Figure 1 shows the changes in methane content of the recir- 
culating gas and the 6'°C values for the produced CO, and 
residual CH, for one of the experiments. Standard deviations of 
&C values were <0.15%. The increasing 6'°C CH, values 
indicate the preferential utilization of the light carbon isotope 
with the expected reservoir effect shown by the increasing 6 HC 
CO, values. During this experiment the respired CO, was 
depleted in ‘°C relative to the coexisting, residual CH, by 29.64 
to 13.2% with the depletion diminishing as the CH, content of 
the recirculating gas decreased. 

Figure 2 shows the variation in the isotopic fractionation 
factor, aCH.—CO,, for five individual experiments. A variation 
of aCH,-CO, from 1.0313 to 1.0052 was found in these 
experiments. Thus, respired CO, was always depleted in fe © 
relative to the residual CH,, but this depletion varied from 29.6 
to 5.0%. This variation could not be consistently related to 
temperature, rate of CH, consumption or variations of the ratio 
CH,,/O.. Further experiments are planned to measure the frac- 
tionation factor in controlled growth conditions to try to relate 
isotopic fractionation to metabolic rate and/or environmental 
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conditions. The preferential conversion of CH, to CO, is 
directly opposite to the enrichment of CO, in ‘°C required to 
bring about carbon isotope equilibrium in the CH,—CO, system. 
A review of carbon isotope measurements in the CO,(DIC)- 
CH, system where methane-producing bacteria are 
involved?'*'* indicates that an equilibrium distribution of 
carbon isotopes is only occasionally approached. Therefore, 
bacterially-mediated reactions cannot be relied on to bring 
about isotopic equilibrium in the CO.—CH, system in natural 
aqueous environments. 

These experiments were conducted at higher temperatures 
and with higher nutrient concentrations than expected in most 
groundwaters and so quantitative application of the results to 
groundwater environments should not be made. 

However, the experimental results were useful in under- 
standing observations made on three groundwaters from shal- 
low aquifers located on the north shore of Lake Erie, Ontario, 
Canada (Table 1). There, private wells are completed in carbo- 
nate bedrock or, in one case, in Quaternary deposits overlying 
the bedrock, but all are in regional bedrock groundwater dis- 
charge zones. They contained small, but temporally variable, 
quantities of CH, which range from 0.4 to 9 cm” CH, gas at STP 
per litre of water. The range of 8°C CH, in one well was from 
~29.8 to —37.0% with the most ‘*C-depleted value associated 
with the highest CH, content. 

In this area biogenic methane dominates and always had 8°C 
values below —50%*. Underlying natural gas deposits contain 
methane with 5'7C values in the range —36.8% to —44.4% '* and 





Table 1 Concentration and carbon isotope ratio of methane collected 
from groundwaters in southern Ontario, Canada 





Methane 
Concentration* 6c 
Well Sample date (mol m~?) (%o) 

i 3 September 1975 0.16 ~29.8 

20 April 1976 0.02 

15 May 1976 0.08 

2 15 June 1976 0.26 
30 September 1976 0.17 —28.8 
3 3 September 1976 0.39 -37.0 
2 June 1976 0.10 —29.8 
26 June 1976 0.19 -33.4 





* 1 mol CH, m”™? is equivalent to ~22 cm? CH4 1+. 


such gas is occasionally found in the local groundwater. Thus, 
these three groundwater methanes have apparently not ori- 
ginated from either methanogenic activity or from direct, non- 
fractionating leakage from the underlying natural gas deposits. 
The observations can be explained if one assumes that the 
sampled groundwaters contained methane from natural gas 
deposits which had been partially oxidized by bacteria when the 
groundwaters entered more oxidizing environments. This 
process produced both temporally variable methane concen- 
trations and carbon isotope ratios. When oxidation was more 
complete (low CH, contents) the methane was most depleted in 
2C and had the highest 8C CH, values. When methane 
oxidation was less significant, methane had a carbon isotope 
ratio similar to the methane found in natural gas deposits. 
Carbon isotope fractionation during migration of hydrocarbon 
gases is unlikely to produce more '’C-enriched methane 
although preferential migration of '*CH, has been reported in 
molecular sieve columns’. Unfortunately the production of 
'2C.enriched CO, during this process and its influence on the 
isotopic composition of the inorganic carbon pool cannot be 
demonstrated, in part because only small amounts of CH, seem 
to have been utilized, the bacteria convert a relatively small 
portion of this CH, to CO, and the aquifer material is carbonate 
from which considerable carbon has been derived. Where this 
process is quantitatively more significant, its effect on the carbon 
isotope geochemistry of the inorganic carbon pool in the 
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groundwater could be described by models** after suitable 
modification. However, because of the difficulty in estimating 
the quantities of CH, converted to CO, (ref. 7) and the necessity 
of considering additional carbonate dissolution due to CO, 
production, such modelling is unlikely to yield unique descrip- 
tions. owns 

It is essential to recognize biogenic methane oxidation when 
attempting to use stable carbon isotope ratios to define the 
origin of methane polluting groundwater supplies. For example, 
had the methane encountered in this field situation been bio- 
genic in origin, witha 6'*C CH, of —60% for example, microbial 
oxidation could have left residual methane with an isotopic 
composition identical to methane from natural gas deposits 
found in this area (~36.8% to -—44.4%). An incorrect 


identification of such methane as leakage gas from reservoirs or. 


distribution networks could have resulted. Where microbial 
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methane oxidation is possible, the carbon isotope ratio of the 
residual methane may not be a useful indicator of the origin of 
the gas. Other geochemical and isotopic parameters such as — : 
hydrogen isotopic composition, presence of higher hydr- — 
ocarbons, must then be considered’*. More refined experimen- 
tation is required before the controls of the biological isotope 
fractionation are understood and quantitative prediction of the 
carbon isotope ratio of respired CO, can be attempted for such — 
field studies. Only then will quantitative treatment of the effect 
of methane utilization on the carbon isotope geochemistry and ~ 
““C dating of groundwaters be possible. 
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The role of sulphide oxidation-driven production of reduced 
carbon in the nutrition of animals adapted to life in sulphide-rich 
habitats such as the deep-sea hydrothermal vents and intertidal 
mudflats has been a topic of recent interest'*. Chemoautotro- 
phic sulphide-oxidizing bacteria have been isolated from 
samples of sulphide-rich vent water*~*, and it has been suggested 
that these could provide a food source for filter-feeding animals 
that live at the vents. The recent discovery of prokaryotic cells’ 
and activities of sulphide-oxidizing enzymes (which generate 
reducing power and ATP) and Calvin—Benson cycle enzymes”? 
within the trophosome tissue of the large vestimentiferan 
tubeworm of the vents, Riftia pachyptila Jones (Phylum 
Pogonophora)"’ suggests that sulphide-oxidizing chemoauto- 
trophic bacteria exist in a symbiotic relationship with at least this 
vent species. This discovery led us to measure enzyme activities 
associated with sulphide oxidation, the Calvin-Benson cycle and 
nitrate reduction in a variety of other vestimentiferan tube- 
worms and bivalve molluscs which occur in sulphide-rich habi- 
tats. All the vestimentiferan worms and several of the molluscs 
were found to contain these enzymatic activities, suggesting that 
the putative animal—bacterial symbiosis first described in Riftia 
pachyptila may be of widespread occurrence in species living in 
environments offering simultaneous access to sulphide and 
oxygen. 

The animals studied and important features of their habitats, 
including sulphide concentrations, are listed in Table 1 together 
with the measured enzymatic activities. The habitats included 
deep-sea rift vents (Galápagos Islands, 21°N and Guaymas 
Basin sites), fault vents (San Diego Trough), sewage outfalls, 
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shallow-water petroleum seepage areas, reduced sediments in 
Offshore basins and intertidal mudflats. The enzymes studied — 
were the two diagnostic enzymes of the Calvin~Benson cycle of 
net CO, fixation (ribulose-1,5-bisphosphate carboxylase, 
RuBPCase, EC 4.1.1.39; ribulose-5-phosphate kinase, EC 
2.7.1.19), enzymes of sulphur metabolism (ATP-sulphurylase, 
EC 2.7.7.4; adenosine-5'-phosphosulphate reductase, EC 
1.8.99.1; and rhodanese, EC 2.8.1.1.) and nitrate reductase. We 
stress that this survey is qualitative in nature in that the specific 
activities listed in Table 1 should not be taken to represent in-situ 
activities. Rather, our data must be regarded as suggestive of the 
capacities of these organisms to utilize the energy contained in 
sulphide for driving the net fixation of CO, and the reduction of 
nitrate to ammonia, That these enzymatic activities are likely to 
derive from symbiotic bacteria is implicit in the fact. that, 
although the sulphur metabolism enzymes may occur in low 
levels in certain animal tissues for detoxification functions”; the 
Calvin—~Benson cycle enzymes and nitrate reductase are restric- 
ted to bacteria and plants. Symbiosis with photosynthetic 
organisms can be excluded, as all of the animals examined live in 
light-free habitats (Table 1). 

All the vestimentiferan tubeworms contained one or more of 
the enzymatic activities, and in all cases the enzymes were found 
only in the trophosome, an organ which fills the greater share of 
the coelomic cavity of these worms. Trophosome. of Riftia 
pachyptila contains prokaryotic cells at densities of approxi- 
mately 10° cells per g fresh weight of tissue’, Activities . of. 
RuBPCase in the freshest samples of trophosome available tous 
approach the levels found in fresh spinach leaves”, The lower 
activities found in other specimens could be either natural 
variation reflecting differences between individuals and habitats 
or artefacts of storage and preservation conditions. 

Among the bivalve molluscs studied, all the hydrothermal 
vent bivalves, the clams Calyptogena magnifica and C. pacifica 
and the unnamed mytilid, exhibited activities of the enzymes 
measured. Thus, the aggregation of molluscs at hydrothermal 
vent sites may be supported, at least in part, by a nutritional 
Strategy like that proposed for Riftia pachyptila®°. In these 
vent molluscs, as in the case of all bivalves in which these 
enzymes were found, activities were restricted to gill tissue. The 
gills of the enzyme-containing species were typically large, 
fleshy and dark in colour, and they contrasted sharply in 
appearance from the small, light-coloured gills of the bivalves 
which lacked these enzymes. . 
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Table 1 Enzymes of the Calvin—-Benson cycle, sulphur metabolism and nitrate reduction in marine animals from habitats in which sulphide and 
oxygen are present 


nee eC CRA As 


ENZYME ACTIVITIES Nitrogen 
Calvin—~Benson cycle Sulphur metabolism metabolism 
SPECIES (PHYLUM)* Ru-5-P ATP- APS- Nitrate 
AND HABITAT? RuBPCase kinase sulphurylase reductase Rhodanese reductase 
Rift vents 
Riftia pachyptila (Pogonophora) 0.22*° 19.0'° 74.0'° 23.319 To 0.07 
Riftia sp. (Guaymas Basin) BE 133.0 30.1 5.2 0.34 
Calyptogena magnifica (Mollusca) 0.4 
Vent mytilid (unnamed) 
(Mollusca) 0.05 
Fault vent (San Diego Trough) 
Lamellibrachia barhami + unnamed 
species (Pogonophora) 0.4 30.0 
Calyptogena pacifica (Mollusca) 0.6 25.0 
Sewage outfall 
Solemya panamensis (Mollusca) 2.4 4.4 77.0 4.1 0.7 0.23 
Parvilucina tenuisculpta (Mollusca) 0.01 3.8 0.08 
Santa Barbara Basin 
Lucinoma annulata (Mollusca) 0.1 1.25 0.6 18.0 


Enzymatic activities are expressed as moles substrate converted to product per minute per gram wet weight of tissue at 25 °C. Enzyme 
abbreviations are: ribulose-1,5-bisphosphate carboxylase (RuBPCase), ribulose-5-phosphate kinase (Ru-5-P Kinase), adenylylsulphate reductase 
(APS reductase). Homogenate preparation procedures and enzyme assay conditions are as described in ref, 10, except for nitrate reductase”. Where 
no enzymatic activity is indicated, the assay failed to show the presence of the enzyme in all cases. Negative results may in most cases reflect lability of 


the enzymes. 


* Other species examined in which none of the enzymatic activities was 


found were: Mudflat species: Urechis caupo (Echiura); Glycera sp. and 


Tubifex sp. (Annelida); Macoma nasuta, Prothotaca staminea and Saxidomus nuttalli (Mollusca). Petroleum seepage habitats: Chaetopterus 
variopedatus and Myxicola sp. (Annelida); Kellia sp. and Lima hemphilli (Mollusca). Sewage outfall: Capitella sp. (Annelida). 

+ Description of the rift vent habitat is given in refs 5-7. Sulphide concentrations of 160 pM have been measured in mixed ambient and vented 
water“. The fault vent (San Diego trough) is described in ref. 22. Sulphide concentrations at this site have not been measured. The sewage outfall 
sampled was near White’s Point, California (near Los Angeles). Sulphide concentrations in the sediment from which S. panamensis and P. tenuisculpta 
were obtained range from 0.4 to 1.3 mM (ref. 15). In the Santa Barbara Basin, ‘high’ sulphide concentrations have been reported??? Sulphide 


concentrations in mudflats of up to 8 mM have been reported’”. 


Among the bivalve molluscs from non-vent sites, Solemya 
panamensis is of particular interest. Like other members of this 
genus'*, S. panamensis has a greatly reduced gut (some 
congeners lack a gut entirely), and the nutritional strategy of 
these clams has been subject to controversy’. The discovery of 
enzymes associated with sulphide-driven chemoautotrophic 
metabolism within the gills of S. panamensis may help resolve 
this issue. In this regard it is noteworthy that a population of $. 
panamensis disappeared when changes in current patterns near 
the White’s Point, California, sewage outfall led to oxygenation 
of the sediments, that is, to the disappearance of sulphide’. 

Our failure to demonstrate these enzymatic activities in ani- 
mals of sulphide-rich mudflats and petroleum seepage zones 
must not be taken as evidence for an absence of such chemo- 
autotrophic systems in these habitats. We investigated only 
members of the macrofauna; the minute organisms of the 
meiofauna may possess the types of enzyme examined in this 
study’, 

It is extremely unlikely that the enzymatic activities found in 
the molluscs derive from bacteria trapped on the surfaces of the 
gills during filter-feeding. Other bivalve molluscs collected in 
the immediate vicinities of the enzyme-containing species, and 
presumably having access to the same exogenous food sources, 
did not contain any of the enzymes studied (Table 1). Further- 
more, specimens of S, panamensis and Lucinoma annulata held 
for several weeks in surface seawater spiked with sulphide did 
not display reductions in the enzymatic activities. In the case of 
the vestimentiferan tubeworms, which lack a mouth, gut and 
anus, there seems to be little likelihood that trophosome 
bacteria could be trapped food bacteria. 

The quantitative contribution of the sulphide-based chemo- 
autotrophic metabolic activities, likely to be contained within 
symbiotic bacteria in all cases, to the nutrition of these animals 
remains to be established, as does the nature of the reduced 
carbon compound(s) supplied by the bacteria to animals. For 
Riftia pachyptila the identical '*C depletion values of tropho- 
some and muscle, values which are strikingly different from 
the °C depletion values of animals relying on photosyntheti- 
cally fixed carbon, indicate a common pool of reduced carbon 


compounds for the entire organism'®. That is, the ‘°C data 
strongly suggest that carbon fixed in the trophosome is trans- 
ported throughout the tissues of the worm. Nitrogen isotope 
data likewise suggest a common pool of reduced nitrogen in the 
different tissues of Riftia’’. In the case of the bivalves which 
contain the enzymes of the Calvin-Benson cycle and sulphur 
metabolism, unusual ‘°C depletion values also have been 
found'® (values for S. panamensis are similar to those for the 
hydrothermal vent bivalves'*; Rau, personal communication). 
Thus, for these bivalve molluscs as for the vestimentiferans, 
photosynthetically fixed carbon, obtained through feeding on 
particulate matter or via uptake of dissolved organic carbon, 
does not seem to be the major source of reduced carbon 
compounds. Rather, CO, fixed within the animals may play a 
significant, and perhaps dominant, role in the nutrition of these 
species. These species, in turn, may comprise a major share of 
the macrofaunal biomass in certain sulphide-rich habitats due to 
their abilities to exploit the sulphide and oxygen available in 
these environments. Bivalves and Riftia pachyptila are 
dominant members of the vent communities“, and Solemya 
panamensis and Lucinoma annulata are major components of 
the macrofaunal biomass in their habitats as well (sewage out- 
falls’ and the Santa Barbara Basin'®*° respectively). In 
conclusion, some animals of sulphide-rich environments are not 
only able to tolerate these toxic habitats, but in addition are 
capable of exploiting the energy of sulphide to drive net CO, 
fixation and, thereby, reduce their dependence on ingestion of 
photosynthetically fixed carbon. 
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Getting around the environment and doing things requires 
precise timing of body movements. Moreover, there is often 
little time available to pick up the visual information to organize 
the action. Consider, for instance, a batsman hitting a fast 
bowler or a bird alighting on a twig swaying in the wind. The 
visual and motor systems evidently work in close harmony, 
vision rapidly and directly providing the information for 
controlling the action. Here, we present evidence in support of a 
theory to explain how actions are visually timed. The evidence 
derives from a film analysis of the spectacular plunge dive of one 
of Britain’s largest seabirds, the gannet (Sula bassana). 

The theory is based on an analysis of the visual input con- 
sidered as an optic flow field’. When the organism is moving 
towards a surface, or an object is approaching, the time-to- 
contact under constant closing velocity is specified by a simple 
parameter, 7, of the optic flow field (see Fig. 1). The theory can 
explain, for instance, rapid timing of actions in ball games and 
how long jumpers regulate the cadence of their strides in zeroing 
in for take-off**. But what if closing velocity is not constant? 
Can the theory also explain timing of actions in conditions of 
acceleration? 

Watching gannets plunge diving near the Bass Rock in the 
Firth of Forth, it occurred to us that here was a good test for the 
theory. The dive is a beautiful example of finely timed locomotor 
activity. On sighting fish, the bird plummets down into the water 
from heights of up to 30 m, reaching speeds of up to 24 ms™! 
(54 m.p.h.). It first quickly assumes a swept-back-wing posture 
(Fig. 2a-c), which allows steerage. Then, when only a split 
second from the water, it rapidly stretches its wings right back 
for a spearhead entry (Fig. 2d). 

The gannet has to time its streamlining very precisely to avoid 
injury and so needs to keep track of its time-to-contact with the 
water. As this is a function of its height, velocity and accelera- 
tion, it might at first seem that the bird needs to monitor these 
three variables and compute the time-to-contact from them. 
However, it could control its timing in a simpler and more direct 
way by using the optical parameter r (Fig. 1) which specifies 
time-to-contact under constant closing velocity. 

We need simply consider the vertical component of the 
gannet’s movement. If it starts from height Z, with zero velocity 
and dives with a constant acceleration A (assuming air resistance 
negligible over the speed range), then after time t its height Z (t) 
and velocity V(t) will be Z (t) = Z,—At?/2 and V(t) = At, and 
so the optical parameter 7(t), which specifies Z (r)/ Vit), will 
have the value 

T(t) = (tg —0°)/2t 


where t;=V2Z,/A= duration of dive. Thus, the time-to- 
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Fig. 1 How time-to-contact is specified in the optic fow feld. The o 
schematic eye is, at time z, at height Z(t) and moving vertically 
downward with velocity V(r) towards the water surface. Light 
reflected from the surface texture elements (for example, ripples) 
passes through the nodal point of the lens and projects an expand- 
ing optic flow pattern on to the retina. Considering an arbitrary 
texture element P and its moving image P’, then from similar 
triangles: Z(t)/R = 1/r(t). Differentiating with respect to time: 
V(t)/R =v(t)/r(t)’. Finally, eliminating R, ZV =. 
r(t)/v(t)=7(t); that is, the time-to-contact under constant closing 
velocity is specified by the optical parameter r(t}. The optical 
geometry is similar for a slanting dive. 


contact with the water is given by 
time-to-contact = ta- t = r(t) +t Vr + 


Now, although the optical parameter r(t) does not alone 
precisely specify the time-to-contact, it could form the basis of a 
simple heuristic strategy. Suppose the gannet were to start 
streamlining an initiation time t; after detecting that v(t) had 
reached a margin value r,,. It would therefore start when its 
time-to-contact with water was t., where 


t= Tm tta YTA Het ü 


Figure 3 plots this equation for a particular pair of values of Te z 


and ¢;. It illustrates how following the ‘r strategy’ would, in 


general, result int, increasing with t4. Thus, the bird would have - A: 
more time to streamline itself the longer its dive: the greater the — 
risk of injury the larger the margin allowed for error. 

By way of contrast, consider other strategies the bird might 
use and the form of the t,t, curves that would result. First, 
suppose it could actually detect the time-to-contact and that it — 







started streamlining when it reached a margin value; then the _ 


fX ta graph would be a level line. Second, suppose it started _ 
streamlining when it reached a certain height. Itwouldthen have 
less time to prepare for entry the longer its dive, because itwould 
be travelling faster; t, would decrease as t, increased. Finally, 
suppose it started streamlining either at reaching a certain 
(vertical) velocity or, which is mathematically equivalent, at a 
constant time ¢, after starting the dive. The prediction would 
then be t,=t;—1,; that is, t, would increase linearly with fta, the 
graph having a 45° slope. 

To test between the hypothetical strategies, we used films of 
dives to measure how t, varied with t4. The films were shot from 
the stern of a trawler, fish having been thrown overboard to 
entice the gannets to display their skill. Their dives were 
consequently relatively short compared with those when they 
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Fig. 2 Wing positions of diving gannet, Sula bassana (length 
~(.9 m, wingspan 1.7 m). Illustration by John Busby. (Reprinted 
from ref. 7, courtesy of the author and publishers.) 


are preying on a deep shoal of fish. We analysed 55 dives filmed 
at 50 f.p.s. or 150 f.p.s. 

The results (Fig. 3) favour the 7 strategy. The theoretical 
curve is the best-fitting member of the family represented by 
equation (1). It was computed minimizing the r.m.s. distance of 
the points from the curve; the minimized r.m.s. error was 49 ms. 
The birds were clearly not streamlining at a constant time-to- 
contact or at a constant height; nor do the data seem to follow a 
45° line as predicted by the constant velocity and constant 
time-from-start strategies. Indeed, those strategies would make 
little sense for high dives because they would result in the birds 
maintaining steering capability for only short fractions of their 
dives. Clearly, strategies entailing detection of both height and 
velocity and subsequent computation can be formulated to fit 
the data. However, such strategies lack the simplicity of the 7 
strategy. Furthermore, the birds would probably not be able to 
detect their height and velocity with sufficient accuracy, given 
the very small degree of binocular parallax and the absence of 
invariant features in their field of view to furnish a spatial 
metric’. 


500 


Time-to-contact te (ms) 





Duration of dive tg (ms) 


Fig. 3 How the time before contact when gannets start stream- 

lining increases with the duration of the dive following the predic- 

ted curve of equation (1). Occasionally, streamlining was started 

after the head had entered the water (t. negative), but it was 
invariably completed before submersion. 





The parameter values of the curve in Fig. 3 provide measures 
of the average performance of the birds: t; = action intiation 
time = 60 ms; 7,,= margin value of 7 = 820 ms. It would be 
interesting to see whether gannets use the same margin value of 
r in other activities—for example, in preparing to land on a cliff 
ledge. In that case, with approach velocity about constant, r 
actually specifies the time-to-contact. 

A further interesting question, of course, is whether people 
also follow a 7 strategy in visually timing their actions in 
conditions of acceleration, as they seem to do in constant 
velocity conditions**. We are now investigating the question by 
analysing performance on two skills: high diving and leaping to 
punch a dropping ball. There is also evidence suggesting that 
drivers control their deceleration by means of the optical 
parameter 7, for the time derivative of the parameter specifies 
whether or not their current braking force is adequate to stop 
before reaching the obstacle’. 

It is beginning to appear that the information afforded by this 
ubiquitous optical parameter is much exploited by visual 
systems. The information is needed for many activities and is 
available to any seeing organism. 

The gannet film was shot by Hugh Miles. We thank him and 
the BBC for loaning it to us, and David Young for critical 
comments. The work was supported by MRC grant 
G979/194/N. 
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Regulation of lymphatic contractility 
by arachidonate metabolites 


M. G. Johnston* & J. L. Gordont 


ARC Institute of Animal Physiology, Babraham, 
Cambridge CB2 4AT, UK 





The circulation of lymph is apparently controlled partly by the 
pressure of fluid entering the lymphatic capillaries, aided by 
external forces such as skeletal muscle contraction and gut 
peristalsis™?, but lymphatic vessels themselves also contract 
rhythmically when distended in vivo or in vitro and this may be 
of major importance in the propulsion of lymph**. We have 
studied the effects of biochemical mediators on isolated sheep 
and bovine lymphatic segments and on pressure pulses from 
indwelling lymphatic cannulae and report here that nanomolar 
concentrations of prostaglandin (PG) H, endoperoxide and a 
stable PGH, analogue elicited rhythmical contractions and 
increased the tone of isolated quiescent lymphatic segments. 
Some segments showed spontaneous rhythmic activity, and 
these spontaneous contractions could be inhibited not only by 
aspirin (a cyclo-oxygenase inhibitor) but also by inhibitors of 
thromboxane synthase (imidazole and compound UK 37248). 
The pulsatile pressure changes measured from indwelling 
lymphatic cannulae in conscious sheep were also suppressed by 
aspirin or imidazole infused directly into the lymphatic circula- 
tion. Our results suggest that endogenous thromboxane 
production is mainly responsible for spontaneous lymphatic 
contractions but that PGH, also has contractile activity. An 
unknown product of arachidonate and PGH), which could be 
formed non-enzymatically, inhibited both spontaneous and 
induced contractions. 
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In quiescent lymphatic segments, nanomolar concentrations 
of PGH; increased the tone and elicited rhythmic contractions 
which decreased progressively in amplitude and frequency (Fig. 
la). The half life of PGH, in aqueous medium at 37°C is 
~5 min’. The stable endoperoxide analogue” 15-($)-hydroxy- 
1la,9a(epoxymethano)-prosta-5-cis- 13-trans-dienoic acid 
(compound U46619) at threshold concentrations between 10°” 
and 10°°M increased lymphatic tone and induced rhythmic 
contractions that were maintained as long as the compound was 
present. Higher concentrations (up to 10°°M) progressively 
increased the tone and eventually caused the vessel to go into 
spasm (Fig. 1b). 

Administration of arachidonic acid (the natural substrate for 
PGH: formation) to quiescent vessels did not elicit any 
response, but when arachidonate was added to an actively 
contracting vessel there was usually a transient increase in tone, 
consistent with the concept of its conversion to PGH,; following 
this, there was a suppression of contractions after a short delay 
(Fig. 1c). PGH, when added at concentrations of ~10~°M in 
the presence of U46619, always produced an increase in tone 
and in contraction amplitude, followed by complete inhibition 
after ~5 min (Fig. 1d). These results suggested that an inhibi- 
tory product was formed from PGH,; the stable prostaglandins 
D2, E2 and F;,, (all metabolic products of PGH,) were tested on 
rhythmically contracting lymphatic segments at concentrations 
up to 10°°M but had no inhibitory effect. Prostaglandin H; is 
very unstable and decomposes spontaneously'’. When PGH, 
was incubated at 37 °C for 15 min before adding to a lymphatic 
vessel already responding to U46619, inhibition of the contrac- 
tile activity was observed within 1-2 min, indicating that the 
suppressor material was formed non-enzymatically. 

Several other potential mediators were tested on isolated 
lymphatic segments. Histamine, carbachol and prostaglandins 


Fig. 1 Responses of isolated lymphatic 
segments to PGH, (a gift from Dr J. A. 
Salmon), compound U46619, arachidonic 
acid and bradykinin. The technique used 
to study lymphatic contractility in vitro 
was similar to that used for blood 
vessels'’, Rings of sheep mesenteric 
lymphatics (5-10 mm long and ~1 mm 
internal diameter) or bovine mesenteric 
lymphatics (5-10mm long and ~2 mm 
internal diameter) were excised and two 
wires inserted through the lumen. The 
lower wire was fixed to the bottom of a t 
4.0-ml perfusion bath and the upper was 

connected to an isometric transducer 
(UC, Gold cell) coupled to a chart recor- 
der. The vessels were perfused with 
Krebs’ solution of the following composi- 
tion (in mmol I~’): NaCl, 117; KCl, 5.7; 
MgSO,, 1.1; NaH,PO,, 1.17; CaCl, 
2.54; NaHCO,, 25; glucose, 1.1. The 
Krebs’ solution was aerated with 95% O, 
and 5% CO, and maintained at 37 °C ina 
constant-temperature circulating unit. 
The vessels were placed under tension 
(0.3 g for sheep; 0.6 g for bovine lympha- 
tics) and then allowed to equilibrate for 
1 h before use. Preparations of bovine and 
sheep lymphatics responded consistently 
to all the contractile agents shown. 
Responses were complex, involving 
increases in tone and the induction of 
rhythmic contractions (except for brady- 
kinin, which induced single contractions 
only). Because the parameters of tone, 
frequency and amplitude of contraction 
were differentially affected by the 
agonists, and the kinetics of the responses 
were complex and agonist specific (see, for 
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E2, F2,, D2 and I, had no contractile effect at concentrations 
between 10~™° and 10°°M. Bradykinin increased the tone but did 
not induce rhythmic contractions (Fig. 1e); these responses were 
transient and exhibited tachyphylaxis on repeated adminis- 
tration unless the vessel was extensively washed after each dose. 
Noradrenaline and serotonin induced modest rhythmic respon- 
ses at concentrations >10~’M. 

The results obtained with PGH; and compound U46619 did 
not establish unequivocally whether thromboxane or PGH, was 
the physiological stimulus that induced the rhythmic contrac- 
tions. PGH, can be converted to thromboxane, and U46619, 
although resembling PGH; in structure, has been shown to act 
on thromboxane receptors’. We therefore investigated the 
effects of imidazole and compound UK 37248, which are 
inhibitors of thromboxane synthase’*"*. These inhibitors were 
usually only partially effective against contractions induced by 
exogenous PGH;, although they suppressed the contractions 
completely in 4 of 13 preparations. These results indicated that 
PGH; has some lymphatic contractile activity in its own right (a 
conclusion supported by the immediate contractile response to 
PGH); see Fig. 1a, d), but they also suggested that the con- 
version of PGH, to thromboxane by the lymphatic vessel 
contributed to the endogenous regulation of lymphatic contrac- 
tility. 

To clarify the role of endogenous thromboxane we tested the 
effects of inhibitors on paired preparations of bovine lymphatic 
segments, One contracting spontaneously and the other induced 
to contract using compound U46619. Inhibition of cyclo-oxy- 
genase with aspirin abolished the spontaneous contractions but 
had only a slight inhibitory effect on contractions induced by 
compound U46619 (Fig. 2a), and inhibition of thromboxane 
synthase with UK 37248 (Fig. 2b) and with imidazole (Fig. 2c) 
blocked spontaneous activity but had much less inhibitory effect 





do U46619 10 i 
29g em 0.129 
e Tmin | 
0.259 | | | j 0.25g 


example, a, b), representative recordings are shown, rather than dose-response curves for one of the parameters, The numbers of segments tested, all of which 
responded in the same manner as the recording shown, are given in parentheses below. Concentrations are given in mol !~' and the additions of the agents described 
are indicated by arrows. a, Effect of PGH, on a quiescent bovine lymphatic vessel. The appropriate amount of PGH, (in acetone) was dried under nitrogen, made up 
in Krebs’ solution and immediately added to the bath containing the lymphatic vessel. PGH, was washed out of the bath after 4 min to minimize non-enzymatic 
conversion to material that inhibits lymphatic activity, as described in the text (n = 10 sheep; n > 30 bovine segments). b, Cumulative effect of additions of compound 
U46619 (a gift from Dr J. E. Pike) to a quiescent sheep lymphatic segment (n > 100 sheep; n > 50 bovine segments). c, Effect of arachidonic acid on a sheep lymphatic 
vessel previously induced to contract rhythmically with compound U46619 (n =15 sheep segments). d, Effect of PGH, on a sheep lymphatic vessel previously 
induced to contract rhythmically with compound U46619 (n = 10 sheep; n = 3 bovine segments). e, Effect of bradykinin on a quiescent sheep lymphatic vessel. The 
preparation was washed three times after each addition of bradykinin (n > 30 sheep; n =9 bovine segments). 
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Fig. 2 Effects of cyclo-oxygenase inhibition and thromboxane synthase 
inhibition on lymphatic segments contracting spontaneously, or induced to 
contract using compound U46619 (10~°M). The percentage of isolated 
segments that showed spontaneous rhythmic activity was initially low (10- 
15% of sheep vessels) but increased to >40% (of sheep vessels) as more 
experience was obtained with the preparation. This suggests that those 
vessels which did not show spontaneous activity may have been damaged 
during dissection; >70% of bovine lymphatics (which are larger and more 
muscular, and therefore presumably more resistant to trauma) showed 
spontaneous activity. Representative recordings are shown for bovine seg- 
ments tested simultaneously, with the upper record in each experiment 
showing contractions induced by U46619 and the lower record showing 
spontaneous contractions. The numbers of replicate experiments performed 
(in all of which similar results were obtained) are given below in parentheses. 
a, Effects of cyclo-oxygenase inhibition by aspirin, 10-*M (n = 35). b, Effects 
of thromboxane synthase inhibition by compound UK 37248, 4-(2-[1H- 
imidazol-1-yllethoxy)benzoic acid HCI, 1 wg m!i™' and 3 pg ml“ (n =9). c, 
Effects of thromboxane synthase inhibition by imidazole, 3x 10-°M and 

10°*M (n> 50). 


on the U46619-induced contractions. The modest but detec- 
table effects of these inhibitors on the contractions induced by 
compound U46619 suggests that contractile activity itself 
stimulated endogenous production of PGH: and thromboxane. 
In vessels that showed spontaneous rhythmic contractions, 
phentolamine (an a-blocker) or methysergide (a serotonin 
antagonist) had no inhibitory effect at concentrations up to 
10°°M. Very similar results were obtained with sheep lymphatic 
vessels. It therefore seems that the main endogenous mediators 
of lymphatic contractility in isolated vessels are arachidonate 
metabolites—in particular, thromboxane. 

In conscious, unrestrained sheep, lymphatic pressure was 
monitored from indwelling cannulae in popliteal efferent 


1 min 


20 mm Hg 
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lymphatic vessels as described by Hall et al.*. The pressure 
pulses were rhythmic (Fig. 3a) and unrelated to respiration, 
heart rate or ambulatory movements. The infusion of aspirin 
into the lymphatic circulation via an indwelling afferent popli- 
teal lymphatic cannula reduced the amplitude of the pressure 
pulses (Fig. 36); pulse amplitude returned to control levels 
40-90 min after aspirin infusion ended (Fig. 3c). Infusion of 
imidazole (5 x 10~* mol min™' for 15 min) had a similar inhibi- 
tory effect, but the pressure pulses returned to normal 15 min 
after the infusion was stopped (data not shown). 

There have been relatively few studies of the mechanisms 
regulating lymphatic contractility. The nervous system can 
apparently modulate the spontaneous activity of bovine 


Fig. 3 Effects of direct infusion of aspirin into the lymphatic circulation on 
lymphatic pressure monitored by an indwelling lymphatic catheter in 
conscious sheep. Polyethylene cannulae were inserted under anaesthesia 
into one of the popliteal lymphatics afferent to the lymph node and into the 
vessel efferent to the node using methods described elsewhere*’. The 
preparation of the animal for the pressure measurements was similar to that 
described by Hall et al.*. The externalized cannula (Portex-PP50) from the 
efferent lymphatic was attached to a stainless-steel T-piece, One of the two 
remaining limbs of the T-piece was connected to 100 cm of cannula (same as 
above) which emptied into a plastic bottle containing 100 units heparin 
(Weddel Pharmaceuticals, UK). The bottle was positioned on a stand beside 
the metabolism cage at the approximate height of the point at which the 
catheter entered the lymphatic vessel! in the animal. This catheter provided 
an arbitrary resistance enabling the pulse pressures to be monitored through 
the other arm of the T-piece. Pressure was monitored using a Statham P23 
series pressure transducer coupled to a Devices M2 pre-amplifier and 
Oxford Instruments two-channel recorder (3000 series). Basal lymphatic 
pressures were highly consistent for several hours, provided the cannula 
remained patent and the animal did not change from a standing to a sitting 
position. Also, as shown in the figure, the individual pressure pulses in 
control conditions followed a regular, reproducible pattern. Infusions of 
aspirin (four animals) or imidazole (five animals) into the lymphatic circula- 
tion consistently reduced the amplitude of the pressure pulses by >50%, 
whereas infusions of the same volume of isosmotic saline in identical 
conditions had no effect. a, Control record. 6, Aspirin was infused via the 
afferent lymphatic cannula into the lymphatic circulation while monitoring 
the pressure through the efferent lymphatic cannula. The aspirin was dis- 
solved in homologous lymph plasma collected the day before the experi- 
ment. The record shows the pressure pulses 15 min after infusion of 2x 
107* mol aspirin (in 2 ml lymph plasma over a 6-min period). c, Record of 
pressure pulses 40 min after aspirin infusion. 
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lymphatic vessels’’, but the generation of spontaneous contrac- 
tions does not seem to be neurogenically controlled as tetrodo- 
toxin does not inhibit this activity'®. Earlier attempts to study 
the pharmacology of bovine mesenteric lymphatic vessels 
concentrated on agents such as noradrenalin, acetylcholine, 
serotonin and some of the prostaglandins” but these studies did 
not reveal an obvious candidate for mediation of spontaneous 
lymphatic contractility. “From our studies it seems that PGH, 
and thromboxane are important in the generation and main- 
tenance of lymphatic contractions and that the lymphatic vessel 
itself can synthesize these compounds. The concepts of myo- 
genic regulation and mediator control are not mutually 
exclusive: distension of lymphatics by increased intraluminal 
pressure could be the stimulus that initiates the release of PGH, 
and thromboxane from the vessels themselves. The formation of 
an inhibitor derived from arachidonate may also have some 
biological significance, particularly as lymphatic vessels could be 
affected by mediators entering the lymph from the inter- 
stitium—for example, prostanoids have been detected in high 
concentrations in lymph-draining inflammatory sites’® 

The control of lymph flow is undoubtedly complex and many 
factors including extra-lymphatic forces will contribute to vary- 
ing degrees dependent on circumstances and anatomical loca- 
tion. Although the relative importance of intrinsic contractility 





and extralymphatic forces in lymph propulsion remains to be 7 a 


evaluated fully, biochemical mediators, particularly products of 
arachidonate metabolism, may be especially important in 
lymphatic regulation. 
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Size-dependent variation 
of nodal properties in myelinated nerve 
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Although the physiological properties of myelinated nerve 
fibres, such as action potential duration, are known to vary with 
fibre size’’, there has been little systematic examination of 
whether their biophysical properties show a similar variation 
(for example, in ionic conductance). Rather, differences have 
been identified between fibres on the basis of species’, or on 
whether the fibres are sensory or motor’*. We report here the 
results of a comparison of amphibian (Rana pipiens) fibres of 
different sizes. Surprisingly, only the largest fibres (16-20 pm), 
usually selected for voltage-clamp study, had the large outward 
potassium currents described initially by Dodge and Franken- 
hauser”. Small fibres (9-11 um) had little or no potassium 
conductance, and fibres of intermediate diameter had properties 
graded between these two extremes. This gradual loss of potas- 
sium conductance in fibres of decreasing size seemed to be due 
to the progressive electrical concealment of the potassium 
channels beneath the paranodal myelin. Thus brief treatment 
with the demyelinating agent lysophosphatidyl choline’®™ 
induced a large potassium conductance in the smaller fibres, but 
had little effect on the ionic currents of large fibres. We conclude 
that the biophysical properties of myelinated nerve fibres can 
vary with fibre size. 

Single myelinated nerve fibres, 8-20 um in diameter, were 
dissected from the sciatic or tibial nerves of 3~3.5-inch northern 
R. pipiens and immediately mounted in a standard Vaseline-gap 
voltage-clamp chamber”’*. The action potential was recorded 
and, where possible, its shape was used to judge whether a 
particular fibre was sensory or motor’*'*. The fibre was then 
examined under voltage-clamp by established methods™ 5-0, 
Leakage current was subtracted by appropriate analogue 
circuitry (the leak conductance averaging 0.21 +0.04 x 1077S in 
the largest fibres), and the resultant membrane currents were 
recorded digitally with 20-us resolution for step depolarizations 
of 40-180 mV in 10-mV increments. Sodium and potassium 
currents were recorded simultaneously to ensure that any 
systematic changes in internodal resistance, which would alter 
the absolute value of the current measured, would not differen- 
tially affect either the sodium or potassium current. Fibres were 
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held at ~—90 mV by the criterion that steady-state sodium 
inactivation (kæ) has a value of 0.7 at —77 mV (ref. 18). The 


complete h.(V) curve was measured for each series of 


depolarizing voltage steps and used to ensure a constant holding 
potential. After recording, the diameter of the nerve fibre was 
measured in the voltage-clamp chamber using a compound 
microscope. 





Fig. 1 Membrane currents from three myelinated fibres of R. 
pipiens. a, 17.5 wm; b, 9 um; c, 12 wm. All recordings were made in 
tetraethylammonium-free Ringer’s. Note the increasing relative 
amount of delayed outward current with increasing fibre diameter. 
Records in d are from the same nerve fibre as c, but were obtained 
2h later. During this period the paranodal myelin retracted, as 
shown by an increase in the nodal capacitance. This increase was 
accompanied by an increase in K* current in the face of stable 
sodium currents. Holding potentials were —80 mV (a), ~82 mV (A) 
and —85 mV (c, d). Currents during step depolarizations in 10-mV 
increments are shown beginning at ~38 mV (a), -32 mV (5), 
~35 mV (c, d). Calibrations are 2 ms and 16 nA (a), 8 nA (b), or 
12 nA (c,d). Absolute currents were calculated using measure- 
ments of internodal resistance as a function of fibre diameter”, 
Temperature, 11-14 °C. 
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Peak inward sodium currents and steady-state potassium 
currents were measured as a function of membrane potential 
and converted to conductances rather than permeabilities’. 
Potassium chord conductance was calculated as gx{V)= 
Ik VVV — Ex), where Ex is the potassium equilibrium poten- 
tial. Peak sodium conductance was determined using an 
approximation of the constant field equation appropriate for 
normal Ringer’s'*, There was no change in Ex, (sodium equili- 
brium potential) as a function of fibre diameter. Maximum 
sodium and potassium conductances (gna and @«), as well as the 
ratio &x/Zna, were calculated from the experimental data 
obtained for V = +20 mV. 

The data show that while both the maximum sodium and 
potassium conductances increased with fibre diameter, the 
increase in the potassium conductance was much greater. Thus, 
whereas gx, increased by a factor of 5 (0.94+0.18 x 10°’S to 
5.06+1.81x10°’S) as fibre diameter increased from 9 to 
20 pm, ëk increased by a factor of 35 (0.04+0.01x107’S to 
1.46+0.5010°’S). The conductances for large fibres agree 
with previous observations”'*. The effect of these changes on 
the sodium and potassium currents is shown in Fig. la, b. The 
records in Fig. 1a were obtained from a 17.5-um fibre and have 
the large potassium currents previously observed in amphibian 
nerve, whereas those in Fig. 1b were recorded from a small fibre 
(9 um) and show very little delayed potassium current. As the 
exact changes in nodal area with fibre diameter are not known 
for R. pipiens, and as both gx, and gx can vary substantially from 
one fibre of a given size to another, the dependence of gx on 
diameter is best illustrated by normalizing to gx. (Fig. 2). The 
ratio &x/fx, is 0.05+0.01 for 9-11-pm_ fibres, and then 
increases almost linearly for fibres 12-20 um in diameter, 
reaching a maximum of 0.28 + 0.02 in the largest fibres. 

It is appropriate to consider whether mechanical damage 
could have resulted in these findings, perhaps by causing an 
increase in internal sodium concentration and thus an inhibition 
of the potassium conductance’’. Several lines of evidence argue 
against this or other possibilities, First, the fact that both large 
and small fibres had similar values for Ena and Ex indicates that 
there was no selective damage of small fibres. Second, it is 
difficult to imagine how, in small fibres, a potassium conductance 
could be lost due to trauma, without gna, generally more labile, 
decreasing by an equal or greater amount. Furthermore, in 
practice, trauma usually results in an increase in apparent k 
(ref. 5 and our unpublished observations). Finally, the presence 
of large potassium conductance in normal, undissected (and 
therefore undamaged) large amphibian fibres was demonstrated 
by the fact that 4-aminopyridine, which blocks the potassium 
channel, increased the duration of the extracellularly recorded 
action potential. In mammalian fibres gx is low; thus 4-amino- 
pyridine has no significant effect”’. 





8 ke i6 20 
Diameter {um} 
Fig. 2 Ratio of maximum potassium conductance to maximum 
sodium conductance as a function of fibre diameter. The fibre 
diameters are the means of diameters measured in the A and B 
pools of the voltage clamp chamber’’'*. Although the measure- 
ments of fibre diameter are proportionally accurate, they may 
differ by 1-2 um from the absolute diameter because of refractive 
errors. The lines at the far left of the figure illustrate, for 
comparison, the range of conductance ratios recorded in rat myel- 
inated fibres of 9-11 pm diameter. 
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We have also examined fibres from rat sciatic nerves and 
found &x/Zna ratios of only 0.04-0.07, in good agreement with 
values from other studies of mammalian fibres*’**. Rat nerve 
fibres are smaller than frog; those examined were between 9 and 
11 ym. These fibres had an average 2x, of 1.36+0.15x 1075 
and an average 2, of 0.06+0.02 x 1077S. Note that such small 
fibres in R. pipiens have similarly small relative potassium 
conductances, and thus the absence of potassium currents in 
mammalian fibres**''°’' may be, at least in part, due to their 
different size. Similarly, it is possible that certain other dis- 
similarities in fibre properties, thought to be species depen- 
dent®”, may be related to systematic differences in the diameters 
of the fibres examined. 

Although we could not designate all the amphibian fibres 
examined as sensory or motor on the basis of their action 
potential configuration’*’*, this was possible for most fibres. 
Those judged to be sensory ranged from 11 to 17.5 um in 
diameter, while those judged to be motor had diameters of 
9-15.5 um: although the k / x, ratios of such fibres showed no 
consistent differences, this conclusion must be regarded as 
tentative in the absence of a more definitive identification of 
fibre type. 

Although nerve fibres from R. pipiens have progressively 
lower potassium conductance as fibre diameter decreases, the 
potassium conductance in smaller fibres can be dramatically 
increased by procedures which disrupt the paranodal myelin. 
The transient addition of lysophosphatidyl choline (LPC) to the 
node has this effect in rabbit and rat fibres'°’''°. In a 9 um frog 
fibre we found that treatment with 1 mg mi~? LPC for 1 min 
increased 2, from 0.03x10°’S to 0.21x10°’S, but did not 
affect the sodium conductance. This increase in gg was abolished 
by gallamine triethiodide (Flaxedil), a potent blocker of the 
potassium channel’”’®. Such an increase in x was not seen after 
LPC treatment in large fibres, and in small fibres the value of 
&x/ wa after LPC treatment usually resembled that observed in 
untreated normal large fibres. Thus the ratio of the sodium and 
potassium channels present in the combined nodal and 
paranodal membranes may be similar in large and small fibres. 
To exclude the possibility that LPC may acutely affect the nodal 
axolemma*’, we also allowed the paranodal myelin to retract 
spontaneously with time. This effect is illustrated in Fig. lc,d for 
a fibre 12 um in diameter. The records in Fig. 1d were obtained 
2h after those in Fig. 1c and show a significant increase in 
maximum potassium conductance (x increased from 0.12 x 
107S to 0.36x10°’S), but no change was observed in the 
sodium currents (gx, of 0.96 and 1.00 107S, respectively). 
The increase in potassium conductance was accompanied by an 
increase in nodal capacitance, indicative of an increase in 
apparent nodal area. 

Thus the nodes of small R. pipiens fibres behave like those of 
rabbits and rats'*!! in that paranodal disruption does not 
increase the sodium conductance, but significantly increases the 
potassium conductance. It therefore seems that, as at rabbit 
nodes’, the sodium and potassium channels in small R, pipiens 
fibres are segregated, with the sodium channels concentrated at 
the nodal axolemma, and bounded on at least one side by an 
abundance of potassium channels, It is possible that the sodium 
and potassium channels do not intermingle in large fibres either, 
but remain spatially segregated in myelinated fibres of all 
diameters. Whether or not this is the case, it seems that in 
R. pipiens at least, as fibre diameter increases so progressively 
more potassium channels are revealed, either as a result of their 
effective relocation into the nodal membrane, or perhaps due to 
a size-dependent change in the paranodal seal resistance. 

This work was supported by USPHS research grant NS15741 
and National Multiple Sclerosis Society grant 1313A2 to C.L.5., 
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The syndrome known as neuritis of the cauda equina (NCE) of 
the horse is an uncommon condition in which a chronic poly- 
neuritis affects especially the sacral and coccygeal nerves. This 
leads to paralysis of the tail, rectum and bladder, and a loss of 
sensation in the sacral dermatomes with a surrounding zone of 
hyperaesthesia. It is frequently associated with cranial nerve 
paralyses, particularly of the trigeminal and facial nerves. The 
aetiology of the condition in unknown’, but similarities between 
this condition and the Guillain-Barré syndrome in man and 
experimental allergic neuritis (EAN) have been noted’”, and it 
was this that stimulated our interest. Bovine P,, a protein 
purified from peripheral myelin and having a molecular weight 
of approximately 1 15 000, has been shown to be the neuritogenic 
antigen in EAN™ and animals with EAN have circulating 
antibodies to P} *. We report here that four horses with NCE all 
had circulating antibodies to P}. 

In the early stages of NCE, the nerves may show no macro- 
scopic abnormality or may be more translucent than normal, and 
in histological sections there is demyelination and infiltration 
with lymphocytes, plasma cells and macrophages. In more 
advanced lesions the affected nerves are enlarged and firm due 
to fibrous thickening of the epineurium in particular, and the 
nerve fibres are degenerate and infiltrated with mononuclear 
cells, together with occasional multinucleate giant cells. Both 
early and advanced lesions may be found in different fascicles of 
the same nerve or in different nerves of the same horse, whilst 
other peripheral nerves are apparently unaffected. 
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Fig. 1 Titration of antibodies to P, in horses with NCE, Binding 
of '*5]-P, in the pellet is expressed as a percentage of the total 
counts added (10* c.p.m.). The four horses are identified by their 
numbers (H17, H21, H90, H140), Each titration curve for the rat 
sera is identified by the dose of bovine peripheral myelin received 
and the maximum neurological score in brackets, Thus 2.5(2) 
indicates that this animal received 2.5 mg myelin in Freund's 
complete adjuvant and developed a maximum neurological Score; on 
of 2 (limp tail, mild or moderate paraparesis). All rat sera were ENAR A 
obtained 21 days post immunization. Ae 


The four horses investigated here (H17, H21, H90 and 140) 
were diagnosed as definite cases of NCE on clinical signs and on 
gross postmortem and histopathological grounds. The salient 
features of each case are listed in Table 1. The horses were. 
investigated at the Royal Veterinary College over a period of 
4 yr; blood samples were collected at clinical examination and 
sera stored at —70 °C. Control sera had been stored at —20°C 
for 12-15 months. Antibody to P, was assayed by a modification 
of the method of Sarvas etal.. Aliquots (50 ul) of appropriately. 
diluted test serum were incubated overnight at 4 °C with 10 yl 
'*5T-bovine P, (~10*c.p.m.) in a total volume of 500 pd. 
Immune complexes were isolated by the addition of 600 ul 18% 
polyethylene glycol followed by incubation for 30 min at 4 C. 
and centrifugation. The radioactivity in the pellet was expressed. 
as a percentage of the total counts added. In some experiments 
50 pg of myelin protein (prepared by standard techniques’) 
were added in a volume of 50 wl just before the addition of 
radiolabelled P}, keeping the total incubation volume constant: . 
Male inbred Lewis rats were immunized with bovine peripheral. 


myelin as described previously’, the sera being obtained 21 days. 
after immunization. Sera from 10 clinically normal horses: were = 


used as controls and these bound 5.0+1.8% of the added- 


radiolabelled bovine P, (range 3.1-7.8). The sera from all foure 
neuritis cases bound a significantly greater amount of the label. < 
than did the controls, ranging from 8.1+0.8% for H21 te | 


65.0+ 1.1% for H90 (Table 2). 


Bovine P: (50 ug) caused a reduction of binding to control: “i 


levels in all four cases, as well as slight but not significant. 


Table 1 Case histories of the four horses with NCE used in this study 








Time from onset of Clinical signs of 


| neurological signs cranial nerve 
Horse no, Age/sex to serum withdrawal involvement Lesions at postmortem examination — 

H17 &-yr old mare 39 days No Marked advanced lesions of cauda equina. No macroscopic legions 

| of cranial nerves. 

H21 2-yr old mare 12 months No Slight enlargement of nerves of cauda equina; mainly early phase 
lesions with only slight fibrosis. No histological lesions of facial 
nerves. 

H90 Aged mare 41 days Yes Marked advanced lesions of cauda equina, Early phase lesions of 

Ea left trigeminal nerve histologically. 

H140 8-yr old gelding 16 days Yes Advanced lesions of cauda equina. Marked early phase lesions in 
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facial nerve ganglion. 
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Table 2 Binding of '™I-bovine P3 to horse sera 


Percentage binding of 257 _bovine Pa 


—ve antigen Bovine P, 

Control (10) 5.0+1.8 3.7+1.0 

(NS) 

H17 10.2+0.5 4.6+0.3 
(P<0.01) (P <0.01) 

H21 8.10.8 3.5+0.1 
(P<0.05) (P <0.02) 

H90 65.0+1.1 §.6+0.4 
(P< 0.001) (P <0.001) 

H140 42.8+1.3 6.0+0.9 
(P<0.001) (P < 0.001) 


Human P3 Bovine BP 
-l 4.9+1.7 ~— 
(NS) 
5.5+0.4 9.3+0.4 9.6+0.1 
(P<0.01) (NS) (NS) 
5541.1 5.9+0.6 7.7 £0.4 
(NS) (NS) (NS) 
9.70.2 60.2 0.6 63.3 +0.5 
(P <0.001) (P<0.05) (NS) 
10.4+0.2 39.2+1.5 41.8+1.8 
(P< 0.001) (P <0.05) (NS) 


All sera were used at a final dilution of 1:10; the binding of '*I-P, in the pellet is expressed as a percentage of the total counts added (10* c.p m), 
mean + s.d. In the first vertical column (—ve antigen), only!?3 I-bovine P2 has been added to each of the sera and the percentage binding for H17, H21, 
H90 and H140 are each compared to the mean percentage binding obtained for the ten control horses. In all four other vertical columns, 50 jug of the 
stated unlabelled antigen were added in addition to the ‘**I-bovine P2. In each horizontal row the percentage binding following incubation in the 
presence of 50 ug unlabelled antigen is compared with the percentage binding in the absence of unlabelled antigen (—ve antigen) NS, not significant. 


decreases in control levels. A clearer picture of events is prob- 
ably represented by the sera from H90 and H140 which bound 
65.0% and 42.8% respectively of the added label in the absence 
of additional antigen. In these, 50 ug bovine P, inhibited the 
binding by 91.4% and 85.1% respectively and inhibition by 
50 ug human P, was only slightly less. In contrast, 50 ug bovine 
central nervous system (CNS) basic protein inhibited only 
slightly (7.4% and 8.4% respectively) and 50 ug human CNS 
basic protein caused no inhibition. Titration of the NCE sera 
demonstrated increased binding of radiolabelled P}, up to a 
dilution of 80 with H90 and H140 but only 20 with H17 and 
H21. This binding is compared in Fig. 1 with that of sera from 
four Lewis rats immunized with either 0.5 mg or 2.5 mg bovine 
peripheral myelin. 

Sera from four horses with NCE bound significantly more 
radiolabelled bovine P, than did sera from clinically normal 
horses. In case H21, however, the observed binding was within 2 
standard deviations of normal and it would therefore probably 
be more accurate to consider this value as a high normal. The 
elevated binding of radiolabelled P} observed in the other three 
cases of NCE was completely abolished by bovine P, and almost 
so by human Pa. Human CNS basic protein had no effect 
whereas bovine CNS basic protein produced a slight but 
significant inhibition. The observed binding was therefore 
attributed to antibodies specific for Pı. The appropriate 
homologous antigen (horse P.) was not available for this study 
but the considerable species cross-reactivity observed for this 
protein previously* and the pattern of inhibition produced by 
the added myelin proteins here leave no doubt about such a 
conclusion. In addition, neither histone nor lysozyme produced 
any inhibition (result not shown) and so the results are unlikely 
to be due to a charge effect. Considerable variation in the titre of 
horse anti-P, was observed. This variation does not correlate 
with the age or sex of the animals (see Table 1) or with the 
interval from onset of the disease to withdrawal of the blood 
sample. A possible explanation for this variation is that both 
H90 and H140 (which had relatively high titres of anti-P,) had 
definite cranial nerve involvement, whereas there was no clinical 
evidence of this in H17 and H21. Also, the lesions of the cauda 
equinas in H21 were less advanced compared with the other 
three cases (Table 1). It is therefore reasonable to postulate that 
H90 and H140 were affected with a more widespread and/or 
severe form of the disease than H17 and H21 and this is reflected 
in the levels of anti-P,. Reference to the anti-P, levels observed 
in our laboratory rats, however, reveals that even in controlled 
conditions of antigen exposure, age, sex and duration there is 
considerable variation in the humoral response (Fig. 1). The fact 
that two rats received five times the dose of antigen that the 
other two received is reflected neither in the observed neuro- 
logical severity (grade 2 in all cases) nor in the ranking of anti- 
body titres. Viewed in this light the variations in results with the 
horse sera may not need further explanation. 


Whilst the presence of antibodies to P} in NCE may be an 
epiphenomenon caused by the release of myelin from inflamed 
nerves, such antibodies have not been observed in other 
naturally occurring neurites including various forms of 
peripheral neuropathy in man and tuberculoid and lepromatous 
leprosy (unpublished work). In addition, attempts to identify 
circulating antibodies to the CNS basic protein in multiple 
sclerosis in which there is considerable damage have yielded 
disappointing and conflicting results’. Thus the unequivocal 
presence of antibodies to P, reported here raises the possibility 
that these circulating antibodies play a pathogenic role in NCE 
in the horse. 

We thank J. A. Cheyne, G. B. Edwards, R. A. C. Hughes, 
A. Sylvester, C. J. Webster and J. A. Wright for advice and 
assistance, and the MRC for financial support. 
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Ça% ions, involved in the control of many fmportant physio- 


logical functions, require the presence of specific Intracellular 
Ca**.binding proteins to exert their regulatory roles. Many of 
the latter have been extracted and purified. Thus, troponin-C 
regulates muscle contraction’ and calmodulin is Involved in a 
variety of fundamental cellular activities”. Parvalbumin seems 
to be restricted to muscle and brain** but its physiological role ts 
not yet clear. In muscle it probably participates in a ry 
system operating mainly in fast contracting muscles’”, but in 
brain, even its anatomical distribution is unknown. We now 
describe the localization by inme«nochistological means of 
parvalbumin in mewrones scattered throughout the central 
nervous system of the rat. Although the distributions of parval- 
bumin- and GABAergk neurones are similar, the physiological 
function of parvalbumin-iamunoreactive neurones is not yet 
recognizable. 
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Fig. 1 Antibodies against homogeneous rat muscle parvalbumin were 


raised in rabbits as described elsewhere®'’; the specificity was examined by 


four methods: a, double immunodiffusion of antiserum (centre well) against 
(1) total rat muscle extract, (2) muscle parvalbumin and (3) total brain 
extract. A single precipitin line was obtained. The same result was obtained 
by immunoelectrophoresis (not shown). b, Immunoreplica technique’’. 
SDS-polyacrylamide (15%) gels of (1) total muscle extract (100 ug protein) 
and (2) muscle parvalbumin (10 yg); (3) and (4) are the corresponding 
overlay gels (antiserum diluted 1:2 in 0.6% agarose). Proteins were stained 
with Coomassie blue. The antiserum reacted only at the site of the antigen. c, 
Immunoprecipitation. (1) Total muscle and (2) total brain extracts (4 mM 
EDTA, pH 7.5) were reacted with anti-muscle parvalbumin serum (2 h, 
0 °C) in the presence of Triton X-100 and sodium deoxycholate (1% wt/vol 
each). After centrifugation, the immunoprecipitate was washed with phos- 
phate-buffered saline (PBS) and finally “C-labelled by reductive methyl- 
ation? using '*C-formaldehyde (specific activity 52 mCi mmol™', NEN). 
Labelled proteins were separated on a SDS-polyacrylamide (15%) gel and 
muscle and brain parvalbumins (M, = 12,000) visualized by fluorography. 
HC, heavy chains; LC, light chains of the IgG antibody molecule. 


For the immunohistochemical localization of parvalbumin, 
rat brains were perfusion-fixed with Bouin fluid and embedded 
in paraffin or treated otherwise (see Fig. 2a legend). Sections 
were mounted on slides and incubated with various dilutions of 
the parvalbumin antisera. The specificity of one of the two 
antisera used is given in Fig. 1. Sections were further processed 
according to the unlabelled antibody technique of Sternberger’. 
Control slides were processed simultaneously with preimmune 
sera of the same animals and with preadsorbed antisera. 

The brain cells immunostained by the parvalbumin antisera 
were identified as neurones. Astro- and oligodendroglia, as well 
as the endothelia of blood vessels and smooth muscle cells, 
remained unstained. The immunostaining was always 
reproducible in the range of antisera dilutions used. 

In all parvalbumin-positive neurones the soma, dendrites and 
axons were homogeneously labelled (Figs 2a, b and 4d) whereas 
nuclei were unreactive. Because our observations were restric- 
ted to the level of the light microscope, it was impossible to 
determine whether parvalbumin is bound to structural elements 
such as microfilaments or microtubules. Calmodulin, on the 
other hand, is associated with ribosomes, endoplasmic reticulum 
and plasma membranes'”’”’ and occurs in Purkinje and granular 
cells of the cerebellum'’. Granular cells are not recognized by 
the parvalbumin antisera; thus the staining pattern is distinct 
and a cross-reaction of our antisera with calmodulin unlikely. 

Parvalbumin-immunoreactive neurones were present in all 
areas of the neocortex, and in all layers except layer I (Fig. 3a). 
They were ~30 um in diameter and in some areas were more 
numerous in layers II and IV. It was not possible to trace axons 
leaving the cortex and coursing in the cerebral peduncles; thus 
the parvalbumin-immunoreactive cells in the neocortex are 
probably not pyramidal cells. 

In the olfactory bulb only periglomerular cells in the 
glomerular layer were recognized by parvalbumin antisera. In 
the hippocampus, single immunoreactive neurones within the 
pyramidal layer were observed, although no positive fibres could 
be found leaving with the fimbria hippocampi (Fig. 4d). The 
location, frequency and pattern of axon ramification of the 
immunoreactive neurones is suggestive of basket cells. 

All Purkinje cells of the cerebellum showed strong parval- 
bumin immunoreactivity (Figs 2b, 4a). In the molecular layer, 
some basket and stellate neurones were labelled (Figs 24, 4a), 
whereas the granular cell layer displayed no immunostaining. 
Both the dendritic trees and axons of Purkinje cells (Fig. 2b) 
were stained; the latter could be seen between unlabelled 
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Fig. 2 a, High-power micrograph of a neurone in layer V showing 
unstained nuclei, heavily immunoreactive soma and cel! processes (arrows) 
Corresponds to inset of Fig. 3a. x 335. For this and the subsequent figures, 
the brains of 10 albino rats of two different strains (Wistar and Sprague- 
Dawley) and of both sexes were fixed by intra-aortic perfusion with 500 ml of 
Bouin fluid, dehydrated in graded ethanol and embedded in paraplast. 5 
m-thick sections were mounted on chromalaun-gelatine-coated slides and 
incubated for at least 48h in a moist chamber at 4°C. The parvalbumin 
antisera were used in a dilution of 1: 1,000 until 1 : 10,000 in PBS, dilutions 
shown in pilot experiments to give the best staining background ratio. After 
thorough washing, the sections were exposed for 30 min at room tempera- 
ture to goat anti-rabbit IgG (Nordic; 1:30 in PBS) and, after a further 
washing step, to peroxidase-antiperoxidase complex (PAP; Sternberger- 
Meyer Immunocytochemical, Maryland; 1:100 in PBS). The peroxidase 
activity was demonstrated histochemically with diaminobenzidine/H,O, 
(0.04% : 0.004% for 5 min. Sections were dehydrated and mounted. Alter- 
natively, rat brains were perfusion-fixed with 500 ml of 10% paraformalde- 
hyde in cacodylate buffer pH 7.4, 0.1 M for 30 min and then cut to 50 um- 
thick sections in a vibratome (Oxford). Floating sections were incubated 
Overnight and processed identically as described for paraffin sections. 4, 
Sagittal section through a cerebellar folium displaying intense immunoreac- 
tivity of perikarya, axons (arrow), main dendritic branches (arrow head) and 
dendritic trees (asterisk) of all Purkinje cells. Basket and stellate cells in the 
molecular layer (M) are labelled. Note that the parvalbumin antiserum 
stained Purkinje cells at a much higher dilution (up to 1:20,000) than 
neurones in the rest of the brain, indicating much higher density of antigenic 
sites in Purkinje cells. G, granular layer without immunoreaction 


Fig. 3 Low-power micrographs of two consecutive seria! sections through 
the rat cerebral cortex (area praecentralis 4-6 in ref. 22) incubated with a 
parvalbumin antiserum (a) and preimmune serum (b). The parvalbumin 
antiserum stains neurones (some of which are marked by an arrow) scattered 
over various layers (II-VI) of the cerebral cortex. A meshwork of cell 
processes running in various directions is distinguishable particularly in the 
deep layers, The preimmune serum (b) does not stain any structures in the 
brain. Identical pictures were obtained after adsorbing 100 ul of the 
undiluted parvalbumin antisera with 10° M of the antigen for 48h at 
4°C, x 96, 
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Fig. 4 a, Cerebellum with molecular (M) and granular layers (G) which 
sandwich the Purkinje cells layer. The Purkinje cell axons run in the granular 
layer (G) and form bundles in the white matter (W). x 74. b, Sagittal section 
of anterior part of the ventral nucleus of the thalamus (after ref. 23). 
Intermingled cell processes, but not cell bodies, are recognized by the 
parvalbumin antiserum. x 155. c, Hypothalamus, lateral preoptic area (after 
ref. 23). A large parvalbumin-immunoreactive neurone sends processes in 
all directions. x 155. d, Hippocampus (CA, region). A few parvalbumin- 
immunoreactive cells and fibres are scattered between unlabelled neurones 
of the pyramidal-cell layer. x 350. 


granular cells in the white matter (Fig. 4a) and making contact 
with neurones in the deep cerebellar nuclei (not shown). 

In the hypothalamus immunoreactive neurones were widely 
scattered except for some clustering in the lateral preoptic area 
(Fig. 4c) and in the premamillary nuclei. In contrast to other 
regions, in the specific thalamic nuclei nerve fibres, but no cell 
bodies, were labelled (Fig. 4b). In contrast, the perikarya of the 
nucleus reticularis thalami were heavily stained (not shown). 
Very small immunoreactive neurones and positive punctate 
structures could be seen in Rexed lamina IIb of the dorsal 
horn of the spinal cord. Labelled terminals surrounded 
motoneurones in the ventral horn and heavily immunoreactive 
myelinated axons coursed in the dorsal funiculi (not shown). In 
spinal ganglia immunolabelling was restricted to large cells and 
in peripheral nerves to large-diameter axons (not shown). 

The selective staining of neurones by parvalbumin antisera 
indicates that this protein is a marker of a distinct neuronal 
population. Other neurone-specific antigens are the neuro- 
transmitter synthesizing enzymes, olfactory marker protein, 
y-y-enolase and some neurone-specific surface antigens (for 
recent reviews see ref. 12). Some of these antigens occur only in 
local subgroups of neurones segregated in certain brain areas; 
the function of most of them is unknown. On the other hand, 
parvalbumin is a highly specific calcium-binding protein in 
muscle and could function similarly in the brain. Although we 
cannot yet classify parvalbumin-positive neurones as members 
of a homogeneous functional group, Ca** ions may have a 
peculiar role in the physiology of these cells. Parvalbumin might 
be a marker for neurones displaying Ca?* action potentials'’, as 
is the case for Purkinje cells'*, although other Ca** spike- 
producing cells (small neurones in spinal ganglia'*) are not 
recognized by the parvalbumin antisera. 

The Ca**-binding protein parvalbumin in the central and 
peripheral nervous system could be functionally related to 
axonal flow, which is known to be Ca** dependent’®. Axoplas- 
mic transport studies are always performed on whole nerve 
preparations and the resultant flow rate is the sum of the rates in 


individual nerve fibres. Study of axoplasmic transport in single- 
fibre preparations may show whether parvalbumin-immuno- 
reactive axons display distinct axoplasmic transport rates. 

Similarities exist between the distribution of parvalbumin- 
positive neurones and those containing the inhibitory 
neurotransmitter y-aminobutyric acid (GABA). The parval- 
bumin-positive Purkinje, basket and stellate cells in the cere- 
bellum, the basket cells in the hippocampus and periglomerular 
cells in the olfactory bulb all use GABA as neurotransmitter (for 
review see ref. 17). However, the confirmation of a preferential 
association of parvalbumin with GABA-ergic neurones awaits 
further studies, A cross-reaction of the parvalbumin antiserum 
with GABA-synthesizing enzymes is unlikely; the molecular 
weight of the brain protein recognized by the parvalbumin 
antiserum (12,000, Fig. 1) is in fact much lower than the 
molecular weight of the GABA-synthesizing enzymes”. 

We thank Drs E. Jenny and W. Zenker for useful discussions 
and Miss C. Hemmerle for technical assistance. 
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Cytochalasin D inhibits actin 
polymerization and induces 
depolymerization of actin filaments 
formed during platelet shape change 
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Cytochalasins, a class of fungal metabolites, affect a wide variety 
of motile functions of eukaryotic cells'*. Recently, several 
laboratories have shown that cytochalasins inhibit actin poly- 
merization in vitro, presumably by binding with high affinity to 
growing ends of actin nuclei and filaments (F-actin), and 
preventing addition of monomers (G-actin) to these sites*™. 
Cytochalasins have also been reported, in certain conditions, to 
induce depolymerization of actin filaments in vitro“. However, 
correlations of these effects of cytochalasins on actin poly- 
merization in vivo have been limited to electron microscopic 
studies. Recently, Morris and Tannenbaum reported that there 
was no net depolymerization of actin in spreading fibroblasts 
treated with cytochalasin D, despite the well known morpho- 
logical effects of the drug on these cells’. Here, we describe 
results indicating that cytochalasin D can inhibit the rapid 
polymerization of actin in human platelets after thrombin stim- 
ulation and induce rapid depolymerization of filamentous actin 
in stimulated platelets. Both of these effects correlate with 
observed changes in platelet shape. 
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Fig. 1. a, Dose-response curve for cytochalasin inhibition of actin poly- 

merization in thrombin-stimulated platelets. @ Indicates preincubation of 0 a aes z 
platelet samples with the designated concentration of cytochalasin D (CD) T an l ye AD, 

(+1% DMSO) for 60s before stimulation with thrombin. Controls are Time of exposure to CD (min) 

indicated by: 4, DMSO (final concentration 1%) added to unstimulated 

platelets for 60 s; W, DMSO (final concentration 1%) added to platelets 60 s : 
before stimulation with thrombin. Per cent inhibition is defined by the equation: % Inhibition = {((G-actin],, np. (G-actin) + [G-actin], ccm, ~{ G-actin adh 
100. Error bars indicate s.e.m. for two to six samples. b, Time dependence of the increase in G-actin concentration of stimulated platelets after exposure to. 
cytochalasin D. Platelets were stimulated with thrombin and then exposed to 10~° M cytochalasin D for the time indicated before lysis. The dotted line indicates. 
G-actin values for unstimulated platelets in this experiment. In both a and b, as well as experiments described in the text, fresh platelets were obtained from venous 
blood of healthy human donors who had not ingested aspirin or other platelet-inhibitory drugs for a minimum of 10 days. Blood was collected in plastic syringes 
containing acid citrate dextrose in the ratio of 1 part 0.085 M trisodium citrate, 0.065 M citric acid, 2% dextrose to 5.25 parts of whole blood, to achieve a final pH of 
6.45-6.50. Platelets were then separated from other cellular elements by differential centrifugation and concentrated by a single centrifugation at 1,000¢, followed by 
resuspension in One-quarter volume of the resulting platelet-poor plasma. The platelets were then separated from plasma constituents by passage through a 
Sepharose 2B column” (Pharmacia) and eluted inphosphate-buffered saline (PBS) containing 137 mM NaCl, 5 mM KCl, 1 mM KH,PO,, i mM Na,HPO,.0.6mM. 
MgSO,, 0.05 mM CaCl, 8 mM glucose and 16 mg ml”! bovine serum albumin (Sigma), pH 6.9. EDTA (final concentration 1 mM) was added to platelet samples 
immediately before use and the pH was adjusted to 7.4, Platelets were lysed after the experimental manipulations as indicated by addition of O.1 volume of 10% 
Triton X-100, 20 mM MgCl, 20 mM EGTA, 2 mM ATP and 5 mM dithiothreitol, pH 7.4. G-actin was then assayed ~45 s after lysis by the DNase inhibition assay as 
described by Blikstad et a/.'°. Total actin concentrations were determined after 1:1 dilution of platelet suspensions with a depolymerization buffer containing 15 M 
guanidine HCl, 1 M sodium acetate, 1 mM CaCl,, 1 mM ATP, 20 mM Tris-HCl, pH 7.5, and incubation for at least 5 min at 4 °C, with frequent vigorous agitation. 
Platelets were stimulated by addition of 1 NIH unit ml~' of human thrombin (Sigma) and constant agitation for 90 s. (DNA and DNase I were from Worthington.) 


The G-actin content of platelets was measured in a variety of 
conditions using the DNase enzyme inhibition assay of Blikstad 
et al.'°. Thrombin stimulation of platelets in the presence of 
sufficient EDTA to prevent aggregation resulted in a marked 
reduction in G-actin concentrations from a mean of 67.5 + 1.4% 
(s.é.m., 2 = 32) of total cellular actin in lysates of unstimulated 
platelets to a mean of 36.8+ 1.2% (n = 25) in lysates of stimu- 
lated cells. These results are similar to those observed by 
Carlsson et al.'', who compared unstimulated platelets with 
platelets aggregated by thrombin in the presence of calcium. The 
addition of 10™° M cytochalasin D 1 min before thrombin stim- 
ulation almost completely obliterated this response (G-actin 
level = 62.44 2.1%, n =21). Moreover, the addition of cyto- 
chalasin D to platelets which had previously been stimulated 
with thrombin resulted in a return of G-actin levels at 3 min to 
those seen in unstimulated platelets (69.4+2.0%, n =8). The 
addition of cytochalasin D to lysates of stimulated platelets 
immediately after lysis did not significantly affect G-actin levels 
(38.44 2.4%, n=5), thus indicating that the effect of cyto- 
chalasin D on stimulated platelets is due to treatment of intact 
cells, and is not secondary to an effect of the drug on actin 
filaments after cell lysis. Cytochalasin D treatment of unstimu- 
lated platelets for 1 min did not affect G-actin levels (66.4+ 
2.2%, n = 5); similar results were obtained with longer incuba- 
tion periods. Dimethyl sulphoxide (DMSO), the carrier for 
cytochalasin D, did not significantly affect stimulated or unstim- 
ulated platelets in the concentration (1%) used. 

Figure la shows a dose-response curve for cytochalasin D 
inhibition of thrombin-stimulated actin polymerization. Half- 
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maximal inhibition was reached at ~5 x 107 M, similar to that 
required for 50% inhibition of nuclei-induced: actin poly- 
merization in vitro’. The cytochalasin D reversal of thrombin- 
induced actin polymerization was further investigated by timed. 
exposure of thrombin-stimulated platelets to the drug. As Fig. 
1b shows, the amount of G-actin present increased time- 
dependently until it reached the baseline level for unstimulated 
platelets. 

Electrophoretic analysis of the actin content of Triton- 
insoluble residues obtained by low speed centrifugation of the 
platelet lysates'* confirmed our results from the DNase assay. 
Lysates of thrombin-stimulated platelets showed a dramatic 
increase in the amount of actin associated with the Triton 
residue, which was inhibited by preincubation with cytochalasin. 
D (Fig. 2). The addition of cytochalasin D after thrombin 
























individual actin filaments again approximated the amount. 
recovered from unstimulated platelets in the same conditions 
(data not shown). Thus, it is unlikely that the effects of cyto- 
chalasin D were due to interference with attachment of actin 
filaments to larger cytoskeletal structures, Figure 2 also shows 
that a band co-migrating with tubulin (50-55,000 molecular 
weight doublet) increased dramatically in stimulated platelets, 
and this increase was not affected by cytochalasin D. Therefore, 
although unstimulated and cytochalasin-treated stimulated 
platelets are similar in their G- and F-actin content, they would 
not be expected to be structurally identical. 
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Fig. 2 Quantitative SDS-polyacrylamide gel electrophoresis of Triton 
residues of unstimulated platelets (a), thrombin-stimulated platelets (4), 
platelets preincubated with cytochalasin D and then stimulated with throm- 
bin (c), and platelets stimulated with thrombin and then incubated with 
cytochalasin D (d). These experiments were performed according to the 
protocol outlined in the text and Fig. 1 legend, except that the platelet 
extracts were centrifuged at 17,800g for 4 min immediately after Triton 
lysis. The pellets were then washed once (without resuspension) in a solution 
of 1 part lysis buffer to 10 parts of the platelet suspension buffer described in 
Fig. 1 legend and recentrifuged at the same speed. The pellets were stored 
frozen at —70°C for 12-72h. In preparation for quantitative analysis on 
SDS-polyacrylamide slab gels, samples were solubilized in a 2% SDS, 5% 
2-mercaptoethanol, 10% glycerin, 0.0625 M Tris-HCI solution, pH 6.8, and 
incubated at 56 °C for 2 h, with frequent vortexing and sonication. Samples 
were then electrophoresed through 3% acrylamide stacking gels and 7% 
acrylamide separating gels according to the method of Laemmli’*. The gels 
were stained for protein with Coomassie brilliant blue. Actin and tubulin 
bands were identified by comparison with actin and tubulin standards. The 
BSA band represents bovine serum albumin added to the platelet suspension 
buffer. Each lane contained Triton residue derived from equal numbers of 
platelets. This allows relative amounts of sedimentable actin to be compared 
from gel to gel for the experimental conditions indicated. 


Fig. 3 Scanning electron micro- 
graphs showing the represen- 
tative morphology for unstimu- 
lated platelets (a), stimulated 
platelets (b, c), unstimulated 
platelets incubated with cyto- 
chalasin D (d), platelets prein- 
cubated with cytochalasin D and 
then stimulated with thrombin 
(e), and platelets stimulated with 
thrombin and then incubated with 
cytochalasin D (f). These 
experiments were performed in 
conditions identical to those 
described in Figs 1 and 2 legends, 
except that in lieu of lysis the pla- 
telet suspension was diluted 1:10 
with a suspension buffer consis- 
ting of the PBS previously 
described (Fig. 1 legend) with 4% 
added glutaraldehyde and the 
bovine serum albumin omitted. 
After fixation for 5 min at room 
temperature, the platelets were 
allowed to settle for 20 min on 
coverslips previously coated with 
poly-L-lysine (Sigma), The 
coverslips were then placed in a 
larger volume of fresh glutaral- 
dehyde-containing buffer for 1- 
2h and transferred to PBS 
without albumin for overnight 


Studies were also performed using scanning electron micros- 
copy to compare the morphology of platelets (Fig. 3). With the 
preparative procedures described, 80-90% of the platelets 
maintained a diskoid form. Many of these diskoid forms also had 
one or more spicules, or pseudopods. In contrast, after thrombin 
stimulation, diskoid forms were completely absent, the number 
of pseudopods on each platelet increased and the platelet sur- 
face developed a convoluted or ‘folded’ appearance. With cyto- 
chalasin D treatment before or after stimulation, fewer pseu- 
dopods were seen and the surface of the platelet appeared much 
less convoluted. None of the platelets maintained their original 
diskoid form. 

Our results indicate that cytochalasin D is capable of inhibi- 
ting the rapid polymerization of actin in vivo and inducing 
depolymerization of actin in stimulated platelets, both resulting 
in identical changes in platelet surface morphology. Although 
other investigators have postulated the disruption of actin 
filaments by cytochalasins in other cell types based on 
morphological criteria’, there has been no previous convincing 
biochemical demonstration of either inhibition of actin poly- 
merization or depolymerization of actin by cytochalasins in a 
cellular system. The finding that the conversion from diskoid to 
non-diskoid shape was not affected by cytochalasin D is consis- 
tent with previous studies suggesting that loss of diskoid form isa 
microtubule-related function”’’*. This notion is also supported 
by our results indicating that the amount of tubulin in the 
Triton-insoluble residues was dramatically different in unstim- 
ulated and stimulated platelets, and did not seem to be affected 
by cytochalasin D. 

It is interesting that cytochalasin D treatment of stimulated 
platelets resulted in a return of G-actin levels to that seen in 
unstimulated platelets, whereas cytochalasin D treatment of 
unstimulated platelets resulted in no comparable change in 
G-actin levels. We suspect that this represents a stabilized 
structural pool of F-actin (not depolymerizable by cytochalasin 
D) with markedly different properties from the additional F- 
actin present immediately after rapid polymerization occurs, 
such as actin filaments complexed with tropomyosin-troponin ™, 
or stabilized actin nuclei that may be involved in the control of 
polymerization of actin in platelets’*"°. The well known 
morphological effects of cytochalasins on spreading fibroblasts 





storage, The platelet-containing coverslips were prepared for scanning electron microscopy by serial dehydration in alcohol, critical point drying in a Polaron critical 

point apparatus with liquid CO, as the transition fluid, and coating with gold-palladium in a Polaron sputter coater í model E5100 series IT). They were then examined 
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in a JEOL JSM-35 scanning electron microscope at accelerating voltages of 18 kV. All photographs are at magnifications of 1.8 x 10°. 
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(such as HEp-2 cells) may well be the result of cytochalasin 
effects on actin filament-—filament interaction®’’, and such 
changes might not be reflected in a change in G-actin concen- 
trations detectable by the DNase assay. Therefore, our results 
and those of Morris and Tannenbaum are not necessarily 
contradictory and support the notion that there are two types of 
cytochalasin-sensitive motile processes, the first involving actin 
polymerization and depolymerization, the second involving 
changes in filament—filament interactions. 
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Increased phosphotyrosiné content 
and inhibition of proliferation 
in EGF-treated A431 célls 
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Epidermal growth factor (EGF), which binds to specific high- 
afiinity cell-surface receptors, stimulates replication of a number 
of cell types”. In vitro EGF stimulates a membrane-associated 
protein kinase which catalyses phosphoryiation of the EGF 
receptor at tyrosine residues’. The transforming proteins of 
several RNA tumour viruses are protein kinases which also 
specifically catalyse phosphorylation at tyrosine residues***, An 
elevated level of phosphotyrosine is found tn cells transformed 
by Rous sarcoma, Fujinami sarcoma, PRCII, Y73, Sayder- 
Thellin and Gardner—Armstrong feline sarcoma and Abelson 
murine lowkaemtia viruses”'*?. At least four of these viruses, 
which eacode distinct protein kinases, catalyse phosphorylation 
of tyrosine residues in the same cellular substrate proteins’. In 
vitro EGF-sthmulated protein kinase catalyses the phos- 
phorylation of asti-p60"" heavy chains, suggesting that this 
enzyme recognizes similar substrate determinants to p60" (refs 
14,15). Here we demonstrate that EGF treatment of A431 
human epidermoid carcinoma cells increases phosphotyrosine 
content, indicating that EGF stimulates tyrosine-specific protein 
kiasse activity ix vivo as well as /n vitro. In contrast to Rows 
sarcoma virus (RSV) transformation, EGF inhibits replication 
of A431 cells. This tnhibition by EGF ts inftwenced by both cell 
density and tissse culture substratum. 

Although phosphotyrosine is a rare phosphoamino acid, 
transformation of chick embryo fibroblasts with RSV results in 
an increase in phosphotyrosine content from 0.03 to 0.3% of 
cellular phosphoamino acids*. Analysis of transformation using 
RSV containing a temperature-sensitive mutation in the trans- 
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forming protein p60"° indicates that the increase in cellular 
phosphotyrosine content results from p60" kinase activity’. 
Because EGF also stimulates tyrosine-specific protein kinase 
activity, the effect of EGF on phosphotyrosine content of 
exponentially growing A431 cells was determined. After the 
cells had been labelled to equilibrium with **P-orthophosphate, 
replicate plates were treated with EGF for 3h and phos- 
photyrosine content was measured. As shown in Fig. 1, EGF 
increased the phosphotyrosine content of A431 cells sevenfold 
(0.14 and 0.02% in EGF-treated and untreated A431 cells 
respectively), indicating that, EGF activates tyrosine-specific 
protein kinase activity in vivo. The average increase in phos- 
photyrosine content in EGF-treated A431 cells was 5.4-fold in 
four separate experiments. This result suggests that the EGF- 
stimulated protein kinase activity observed in vtro is an 
important component of the mechanism of EGF action. 

A431 human epidermoid carcinoma cells have an unusually 
high density of EGF receptors’*’’, In response to EGF, A431 
cells undergo a rapid shape change with formation of ruffles and 
filopodia**, and exhibit rounding and extension of long proces- 
ses, a phenomenon enhanced by lowering the Ca** concen- 
tration of the medium’’. EGF also induces clustering of EGF 
receptors” and stimulates the rate of fluid pinocytosis”. 
Although EGF stimulates replication of many different cell 
types, it was found to inhibit replication of A431 cells. As shown 
in Fig. 2, EGF inhibited replication of low-density A431 cells 
growing on tissue culture dishes at a half-maximally effective 
concentration (ECso) of ~0.1 nM. At higher densities, higher 
concentrations of EGF were required for growth inhibition. At 
an initial cell density of 11,000 cells cm™, the ECs, for EGF 
inhibition of cell growth was ~1 nM. After addition of saturat- 
ing concentrations of EGF, A431 cells underwent approxi- 
mately one cell doubling; growth inhibition was then complete 
at both low and high cell densities. The growth inhibitory effects 
of EGF were sustained. There was no growth when A431 cells 
were maintained with saturating concentrations of EGF over a 
14-day period. 

To evaluate the possibility that an alteration in EGF receptor 
affinity or concentration was responsible for the effect of cell 
density on the response to EGF, EGF receptors were measured 
in A431 cells growing at densities varying from 600 to 49,000 
cells cm™”. As shown in Fig. 3, there is an inverse relationship 
between cell density and the affinity of EGF receptors for EGF. 
The equilibrium dissociation constant, Kp, increased from 
0.7 nM at 600 cells cm? to 11 nM at 28,000 cells cm and did 
not seem to increase further at higher cell densities. EGF 
receptor number also varied with cell density, increasing from 
0.5 pmol *IJ-EGF bound per 10° cells at low cell density to 
5.7 pmol '*I-EGF bound per 10° cells at high cell density 
(49,000 cells per cm’). 

The measured Kp for EGF binding at both low and high cell 
densities was higher than the ECs, of EGF required to inhibit 
cell proliferation at that cell density (sevenfold at 500 cells cm? 
and fourfold at 15,000 cells cm `°), indicating that occupancy of 
only a fraction of EGF receptors is required for growth inhibi- 
tion. The EC, for growth inhibition by EGF increased as 
expected when the affinity of receptors for EGF decreased. 
However, the number of EGF receptors increased. Increased 

tors would tend to enhance sensitivity at higher cell densi- 
ties??? and thus have an effect on the dose-response curve for 
the biological effect opposite to that of the measured decrease in 
EGF receptor affinity. Because density-dependent changes in 
EGF receptors did not fully explain the altered dose-response 
curves for EGF-mediated inhibition of cell proliferation, addi- 
tional factors were considered. 

As the tissue culture substratum is an important determinant 
of cell proliferation”, A431 cells grown on coverslips were 
compared with those grown on tissue culture dishes. As shown in 
Fig. 2, EGF inhibited the growth of high-density (15,000 cells 
cm~*) A431 cells grown on the coverslip substratum and of 
low-density A431 cells (1,000 cells cm~’) with ve ECsos 
of 0.2 and 0.01 nM. This is approximately 10-fold less EGF than 
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Fig. 1 Effect of EGF on phosphotyrosine content of 
A431 cells. Exponentially growing A431 cells were 
placed in 2 ml of phosphate-free Dulbecco's modified 
Eagle's medium (DMEM) containing 5% dialysed calf 
serum and 5% undialysed fetal calf serum. **P-ortho- 
phosphate (1 mCim!~') was added and cells were 
labelled to equilibrium (18 h). EGF (0.1 M) was then 
added to one group of dishes for 3 h. Cells were rapidly 
washed with cold phosphate-buffered saline (PBS) and 
removed by addition of RIPA buffer*’. Protein was 
extracted with phenol, precipitated with trichloroacetic 
acid and the pellet washed with chloroform/ methanol 
(2:1)'', The dried pellet was dissolved in 6 M HCI and 
hydrolysed at 110°C for 2h. After lyophilization and 
resuspension, authentic phosphoserine, phos- 
phothreonine and phosphotyrosine standards were 
added and phosphoamino acids were separated by elec- 
trophoresis on 100-um cellulose thin layer plates. 
Approximately 2.5*10°c.p.m. were added to each 
plate. Electrophoresis was at pH 1.9 in the first dimen- 
sion (2 kV for 1.5 h) and at pH 3.5 in the second dimension (1 kV for 1 h)''. Autoradiographs were made using pre-flashed film; to visualize phosphotyrosine, plates 
were overexposed for phosphoserine and phosphothreonine. Phosphoamino acids were then carefully scraped from the plate and counted. Phosphotyrosine content 
was calculated as a percentage of total phosphoamino acids present. Control cell exposure time was 18 h, that for EGF-treated cells was 17 h. Contro! cells contained 
94.6% phosphoserine, 5.38% phosphothreonine and 0.02% phosphotyrosine. After subtraction of background, there were 146 c.p.m. in phosphotyrosine. 
EGF-treated cells contained 94.93% phosphoserine, 4.93% phosphothreonine and 0.14% phosphotyrosine, After subtraction of background, there were 803 c.p.m. 
in phosphotyrosine. 
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required when cells were grown at similar densities on tissue 10 
culture dishes. As shown in Fig. 3, growth on coverslips affected 
neither the affinity of receptors for EGF nor the number of EGF 
receptors per cell (Kp = 0.57 and 4.9 nM, and maximum amount 
bound = 1.0 and 4.8 pmol EGF bound per 10° cells at cell 
densities of 900 and 15,000 cells cm * respectively). Cells grown 
on coverslip substratum exhibited differences between the Kp 
for EGF binding and the concentration required for half- 


Kp (M?) 





bited by high-density cells grown on tissue culture substratum. 
Although the number of EGF receptors and the affinity of the 
receptors for EGF were similar at each cell density for cells 


| 
i 
maximal inhibition of cell growth which exceeded those exhi- 


grown on dishes or coverslips, the dose-response curve 
for EGF for the biological response of growth inhibition was 
strongly affected by the tissue culture substratum. 

The possibility that increased EGF degradation at high cell 
densities on tissue culture dishes contributed to the rightward 
shift in the dose-response curve shown in Fig. 2 was evaluated 
by increasing the medium/cell ratio sixfold so that at any 
concentration of EGF the total amount present in the culture 
medium was increased. In these conditions the ECso for EGF 
inhibition of cell proliferation remained constant (data not 
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Fig. 3 Effect of cell density on binding of EGF to A431 cells. A431 cells 
were subcultured into 3-cm tissue culture dishes and used 24-48 h later. 
Cells at the indicated densities were washed three times with PBS, then 
incubated for 1 h (equilibrium) at 25 °C with PBS containing 0.1% bovine 
serum albumin (BSA), 0.23 nM '**I-EGF (154 Ci per ug) and increasing 
concentrations of unlabelled EGF. At the end of the incubation, cells were 
washed three times with PBS/0.1°% BSA, removed with 0.1 M NaOH/10% 


EGF -treated 
control 


Cell no. % 
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Fig. 2 Effect of EGF on growth of A431 cells plated at different cell 
densities. A431 cells were subcultured into 3-cm plastic tissue culture dishes 
(Falcon) at $50 (O), 2,500 (O) and 11,000 (@) cells cm~*. After attachment 
overnight, medium was replenished with 2 ml fresh DMEM containing 10% 
calf serum and the indicated concentrations of EGF. Medium with the same 
concentration of EGF was replenished every 2 days and triplicate dishes of 
cells were counted on day 6. In the absence of EGP, cells underwent four 
population doublings. Cells were also seeded on to 2.5-cm* coverslips 
(Thermanox, Lux Scientific Corporation) at a density of 1,000 (A) and 
15,000 (A) cells cm™*. After attachment of cells, coverslips were placed with 
a drop of agar as anchor, into 6-cm dishes containing DMEM, 10% calf 
serum and the indicated concentrations of EGF. All points are means of 
triplicate dishes or coverslips which differed by <5%. 


SDS and radioactivity was determined, Duplicate assays were carried out at 
each EGF concentration. Data were plotted by the method of Scatchard and 
Kp was determined by linear regression analysis using a computer program. 
All lines gave r* > 0.88 and exhibited a single class of affinity sites. '°"1-EGF 
binding measured on cells grown at low density was confirmed using increas- 
ing amounts of EGF of constant specific activity. O, EGF binding to A431 
cells grown on tissue culture dishes; @, binding to cells grown on coverslips. 
Cultures were devoid of mycoplasma contamination as determined by 
autoradiography and *H-uracil uptake” 


shown), suggesting that altered degradation of EGF does not 
contribute to the effect of cell density on the growth response of 
A431 cells to EGF. Changes in medium/cell ratios also failed to 
alter the EGF dose-response curves for cells grown on 
coverslips. There was no evidence of down-regulation of EGF 
receptors in the presence of EGF. 

Several conditions have been reported to affect EGF recep- 
tors. In BSC1 cells, the number of EGF receptors per cell 
decreased at high cell density’*, whereas the number of recep- 
tors per cell increased at high density in BALB/c-3T3 cells”. 
Retinoids have also been reported to enhance the number of 
EGF receptors per cell”, Phorbol esters decreased the affinity of 
receptors for EGF in direct proportion to their activity as 
tumour promoters”; saccharin and cyclamate also decreased 
EGF receptor binding, presumably through decreased affinity”. 
In A431 cells, density strongly affected EGF receptors. Increas- 
ing cell density 10-fold produced 10-fold increases in both the 
number of receptors per cell, from 3 x 10° to 3 x 10° per cell, and 
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the Kp, from ~1 to 10 nM. The effects of cell density on EGF 
receptors were independent of the tissue culture substratum, but 
the biological response to EGF was strongly dependent on this. 

On both substrata used, EGF inhibited cell proliferation, but the 
translation of EGF receptor occupancy into the biological 
response was more efficient on coverslips than on tissue culture 
dishes. The environmental factors of cell density and cellular 
attachment thus both significantly affect EGF action. 

Several retrovirally transformed cells show a close correlation 
between the tyrosine-specific protein kinase activity of the 
transforming protein, ‘increased phosphotyrosine content and 
cell proliferation’. The present studies point to a dissociation 
between phosphorylation of cellular proteins at tyrosine resi- 
dues and stimulation of cell proliferation. EGF, which is mito- 
genic for many cell types in vivo and in vitro, stimulates tyrosine- 
specific protein kinase activity in membranes prepared from 
A431 (refs 3, 4), placenta”? and other cell types”. EGF also 
increases phosphotyrosine content of A431 cells and, as repor- 
ted by Hunter and Cooper”’, increases tyrosine phosphate in a 
39,000-molecular weight protein in A431 cells. This protein is a 
substrate for p60*° and other retroviral transforming proteins in 
vivo and in vitro’**?**, However, EGF is inhibitory to A431 cell 
proliferation at concentrations equivalent to those which are 
stimulatory for proliferation in other cell types'*. A recent 
report indicates that EGF also inhibits growth of GH,C, cells**. 
If EGF action is mediated via tyrosine phosphorylation, the 
effects on cell growth will clearly depend on other processes 
within specific cells. It is also apparent that an increase in total 
cell protein phosphotyrosine content and in specific proteins 
such as the 39,000-molecular weight protein does not reflect the 
growth state of the cell. In certain conditions, phosphorylation 
of tyrosine residues may be associated with inhibition as well as 
with stimulation of cell proliferation. 

This work was supported by American Cancer Society 
research grant 209-D. We thank Drs J. F. Ash and S. J. Singer 
for A431 cells. 
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Most secreted proteins of both eukaryotes and pro i ot: 
synthesized as preproteins with NH -terminal hydro hob 
signal sequences which are removed during transier o 
proteins across the membrane’. The role of cleavable signal 
sequences in the insertion of proteins into the cytoplasmic 
membrane is not clear. Rothman and Lenard have proposed _ 
that the assembly of those integral membrane proteins that have 
a substantial extracytoplasmic domain (ectopreteins) occurs by 
a similar mechanism to that of secreted proteins, devolving a 
cleavable signal sequence, but with complete secretion being 
prevented by a hydrophobic COOH-terminal region’. In 
eukaryotes, several ectoproteins seem to be synthesized in this. 
way’ but in prokaryotes, the coat protein of M13 phage is the 
only reported example of a cytoplasmic membrane protein that. 
is made as a preprotein”, although a non-cieavable signal-like 
sequence has been shown for the E. coli lactose permease”, We 
show here that penicillin-binding proteins 5 and 6 of Escher? - 
chia coli are the first examples of cytoplasmic membrane pro- 
teins, encoded by bacteria, that are processed. 
Penicillin-binding proteins (PBPs) catalyse the final stages of 
peptidoglycan synthesis’ and in E. coli all the seven PBPs have 
been located exclusively in the cytoplasmic membrane on the 
basis of both Sarkosyl solubility’” and their recovery with cyto 
plasmic membrane fractions on sucrose gradients’'. Plasmid 
pLG310 (ref. 9) carries the PBP6 gene (dacC) inserted on a 
5.7-kilobase EcoRI fragment in the vector pSF2124. Minicells 
prepared from E. coli DS410 (pLG310) synthesized a protein 
which migrated on SDS-polyacrylamide gels with ‘“C-benzyl- 
penicillin-labelled PBP 6 (Fig. 1a, b). As expected, PBP 6 made 
in minicells was recovered exclusively in the cytoplasmic 
membrane (data not shown). However, a protein with the 
molecular weight (MW) of PBP 6 was not detected when 
pLG310 DNA was used to programme an in vitro coupled 
transcription-translation system, but a protein (PBP 6°) with an 
apparent MW 3-4,000 larger than PBP6 was synthesized (Fig. 
1d). PBP 6* made in vitro and PBP 6 made i in minicells were 


shown to be closely related, as several of the **S- methionine- | 


labelled peptides obtained by partial proteo yai with staphylo- 
coccal V8 protease were identical (Fig, 2). Moreover, we were: 


able to show that the addition of inverted cytoplasmic _ : 
membrane vesicles of E. coli during in vitro transcription~ ~ 


translation of pLG310 DNA resulted in the appearance of a 
protein which co-migrated with authentic PBP 6, with the 
concomitant disappearance of PBP 6* (Fig. ic). Subsequent 
recovery of the inverted cytoplasmic membrane vesicles from 


the incubation mixture showed the in vitro processed form tobe 


associated with the vesicles (data not shown), and the pep 
obtained after partial proteolysis of this form were id 
those obtained from PBP 6 synthesized in minicells (1 
single peptide difference seen in tracks a and. b öf 
disappeared with higher protease concentrations). Weconclude o 
from the above evidence that PBP 6* is a preprotein Posen of =) 
PBP 6 and that processing in vitro is occurring in an analogous 
way to that im vivo. 

The other major protein synthesized in vitro from pLG310 
DNA was identified as the preprotein form of the periplasmic 
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TEM £B-lactamase’’ (the pSF2124 vector contains transposon 
Tn3) by precipitation with antiserum directed against the 
mature form of this protein. In minicells carrying pLG310, both 
the mature form of $-lactamase and a small amount of the 
preprotein form were detected (Fig. 1b). In vitro processing of 
B-lactamase was very poor in most experiments for unknown 
reasons. 

Similar results to those obtained with PBP 6 were obtained 
when the expression of the PBP 5 gene (dacA) was examined in 
vitro and in vivo. The dacA gene is carried on the specialized 
transducing phage A pBS10 (ref. 13). Infection of UV-irradiated 
E. coli 159 (Aimm***) with ApBS10 resulted in the synthesis of a 
protein that co-migrated on SDS-polyacrylamide gels with ‘“C- 
benzylpenicillin-labelled PBP 5 and the protein was recovered 
exclusively in the cytoplasmic membrane of the infected cells 


= 





Fig. 1 SDS-polyacrylamide gel electrophoresis of `*S- 
methionine-labelled proteins synthesized in vive and in vitro from 
pLG310 plasmid carrying the E. coli PBP 6 gene. In vitro labelled 
proteins were synthesized in a coupled transcription—translation 
system based on that of Zubay’” using E. coli MRE 600 to prepare 
the $30 extract. Inverted cytoplasmic membrane vesicles, which 
had been treated with EDTA to remove ribosomes, were prepared 
from E, coli ML30 exactly as described by Chang et al.’. Proteins 
synthesized in vivo from pLG 310 were obtained by incubation of 
minicells prepared from E. coli DS410 (pLG310) with ag. 
methionine. E. coli PBPs were labelled by incubating cell 
envelopes of E. coli KN126 with '*C-benzylpenicillin as described 
elsewhere’, The labelled proteins were fractionated on a 10% 
SDS-polyacrylamide slab gel and were detected by fluorography `". 
a, e, E. coli PBPs labelled with '*C-benzylpenicillin; b, proteins 
synthesized in minicells carrying pLG310; c, d, proteins 
synthesized in vitro from pLG310 DNA in the presence (c) and 
absence (d) of inverted cytoplasmic membrane vesicles. Some of 
the PBPs in a and e are not visible at this exposure of the 
fluorograph. 


(Fig. 3c and ref. 13). Addition of ApBS10 DNA to the in vitro 
transcription-translation system resulted in the appearance of a 
protein (PBP 5*) with an apparent MW 3-4,000 larger than PBP 
5 but no protein which co-migrated with authentic PBP 5 (Fig. 
3a, b). PBP 5* was concluded to be a preprotein form of PBP 5 
by comparing the peptides obtained by partial proteolysis and by 
showing in vitro processing of PBP 5* to PBP 5 (data not shown). 

PBPs 5 and 6 are the only examples of cytoplasmic membrane 
proteins, encoded by bacteria, which are known to be processed. 
Although we assume that processing of PBPs 5 and 6 occurs by 
the removal of a hydrophobic NH>-terminal signal sequence, 
this has yet to be established. 

PBPs 5 and 6 are D-alanine carboxypeptidases which remove 
the terminal D-alanine residues from the pentapeptide side 
chains of peptidoglycan’. As the removal of D-alanine residues 


4 
| PEPS 
- £O e? 


-9S -+ 
- "l 
4 = 
=s - 





2 3 45 6 7 #8 9 


Fig. 2 Peptide mapping of PBP 6 and PBP 6%. Slices of SDS- 
polyacrylamide gel containing *°§-methionine-labelled PBP 6 
processed in vivo, PBP 6 processed in vitro and PBP 6*, were 
obtained from the samples used in tracks b, c and d of Fig. 1, 
respectively, Tracks 1-3, 4-6, 7-9 were partially digested with 
0.75 ug, 0.12 pg and 0 pg respectively of Staphylococcus aureus 
V8 protease as described by Cleveland ef al.™” and the resulting 
peptides were fractionated on an 18% SDS-polyacrylamide gel 
and detected by fluorography. 1, 4, 7, PBP 6 processed in vitro; 2, 
5, 8, PBP 6 processed in vivo minicells; 3, 6, 9, PBP 6*. Slight 
proteolysis in tracks 7-9 is due to overspill of protease from 
other tracks. 


continues after the release of nascent peptidoglycan from the 
cytoplasmic membrane, and after its attachment to pre-existing 
peptidoglycan™, it is likely that PBPs 5 and 6 are ectoproteins 
with the bulk of their polypeptides extending into the peri- 
plasmic space. There are little data on the membrane orientation 
of PBPs 5 and 6 of E. coli but there is good evidence that the 
analogous PBP 5 of Bacillus subtilis (and Bacillus stearother- 
mophilus) is an ectoprotein embedded in the membrane by a 
hydrophobic COOH-terminal peptide, with the bulk of the 
polypeptide soluble outside the membrane’*. The synthesis of 
PBPs 5 and 6 as preproteins is consistent with the view that they 
are also ectoproteins and that those proteins, where the bulk of 


PBP1Å mye leus 
2 
3 — 
4 
so mee —PEP 5" 
O-oka = 
a b c 


Fig. 3 Synthesis of E. coli PBP 5 in vitro and in vivo from 
ApBS10, * *§-methionine-labelled proteins were fractionated 
on a 10% SDS-polyacrylamide gel and detected by fluorography. 
a, PBPs of E. coli KN126 labelled with '“C-benzylpenicillin; b, 
*“S-methionine-labelled proteins synthesized in vitro from 
ApBS10 DNA, as described in Fig. 1 legend; c, **§-methionine- 
labelled proteins synthesized following infection of UV-irradiated 
F. coli 159 (Aimm***) with ApBS10 as described previously’’. 
leuS = leucyl —tRNA synthetase encoded by the leuS gene carried 
on ApBS10. 
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the polypeptide must pass across the membrane, are synthesized 
with cleavable signal sequences in both prokaryotes and 
eukaryotes. Whereas cytoplasmic membrane proteins may in 
some cases be made with signal sequences (for example the 
lactose permease"), the need to remove the sequence may only 
arise for ectoproteins in which the NH,-terminal region is 
required to extend away from the membrane. This may be 
particularly important for PBPs 5 and 6 because the substrate- 
binding site of PBPs that have been examined is extremely close 
to the NH.-terminus of the protein'*’’. 

Recently, considerable similarities have been found between 
PBPs and §-lactamases and it has been suggested that these 
proteins evolved from a common ancestral penicillin-sensitive 
enzyme involved in peptidoglycan synthesis‘ ™'*, In the light of 
the present data PBPs 5 and 6 can be considered as pseudo- 
periplasmic proteins which are secreted through the membrane 
by the same mechanism as the periplasmic §-lactamases, until 
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synthesis of a hydrophobic COOH-terminal peptide prevents 
their complete release as soluble proteins into the periplasm. It 
can be envisaged that a PBP involved in peptidoglycan synthesis, 
which already catalysed a weak -lactamase reaction, could 
have evolved into a periplasmic 8-lactamase by amino acd 
substitutions that increase the rate of deacylation of bound 
penicillin, and by deletions that result in the loss of the COOH- 
terminal hydrophobic membrane-anchoring peptide. It should 
be possible to mimic these proposed evolutionary steps by in 
vitro manipulation of the cloned PBP 5 or PBP 6 genes. 
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The ability of cells to discriminate between homologows and 
foreign genes manifests itself differently from one species to the 
next. Escherichia coli ts weil known for its ability to express 
genes from various donor species, including Bacillus subtilis’. 
In contrast, B. subtilis strongly discrimimates against the 
expression of E. coli genes (there have been no corroborated 
reports of the expression of a wholly intact E. coli gene in B. 
subtilis) but expresses genes from other Gram-positive bacteria 
such as Staphylococcas aureus’. This appareat asymmetry in the 
expression of heterologous genes between F. coli and B. subtilis 
may reflect fundamental differences in the mechanisms of gene 
expression in these two model systems. Here, we have overcome 
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resistance (Cæ) by supplanting the native 
meat(s) of this Tn9-derived gene with B. subtilis DNA Aa 
ments, which represeats the first step towards dis- 
secting the mature of this asymmetric barrier to gene expression, 
Most bacterial resistance to chloramphenicol is due to a 
chloramphenicol acetyl transferase (CAT) encoded on R- 
factors in Gram-negative’ and Gram-positive bacteria*™*, In 
Gram-negative bacteria, the Cm‘ gene on the transposable 
genetic element Tn9 codes for a 219-amino acid protomer (EC 
2.3.28). In solution, Tn9-derived CAT exists as a homo- 
tetramer’, The Cm" gene from Tn9 has been transferred to a 
plasmid cloning vector, designated pBR328 (ref. 8). Using 
PBR328 as a source of the Cm’ gene, Close and Rodriguez (in 
preparation) have isolated the structural portion of the Cm’ gene 
on a 774-base pair (bp) TaqI restriction fragment. The CAT- 
containing Taq] fragment deletes the transcriptional promoter 
but retains the putative ribosomal binding site within a short 
leader sequence (Fig. 1). The Taqi ends of the 774-bp fragment 
were converted to either HindIII or Sall ends, and cloned into 
PBR327 to give pCM7 and pCM1 respectively. 
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Table 1 CAT activity m crude extracts of B subtilis BD630 


B subtills 
Clone (bp) Cm" (ug ml?) CAT actrvityt 
BDS630 — G 
pEBI meme —— 0 
pGR71 = _ 0 
pGR71-4 1,630" 15 241 
pGR71-7 1,390 15 201 
pGR71-8 920 25 176 
pGR71-12 1,860 35 588 
pGR71-15 1,200 15 169 
pGR71-36 480 5 62 
pGR71-38 1,200 35 508 
pGR71-43 1,400° 45 1900 
pGR71-49 900 15 122 
pGR71-64 1,600* <5 21 
pGR71-65 790 20 244 
pGR71-82 1,350* 10 93 
pGR71-91 1,050 30 719 
pGR71-104 996 30 212 
pGR71-111 360 5 14 
pGR7i-121 720 25 316 
pGR71-125 1,250 5 93 
pGR71-126 1,100 20 93 
pGR71-131 650 20 296 
pGR71-140 1,160* 10 38 
Chloramphenicol acetyl transferase (CAT) sotivity, expressed as nmol per min 
per mg protem, was hotometrically as described by Shaw” 
Plasmid were grown overnight in infumon broth 


-harbouring strams 
containing 10 pgmi~’ kanamycin or 5 pgm!’ chloramphenicol. Cells were 
washed with 1 M NaCl, 50 mM Trs-HC, pH 7.9. The cell pellet was suspended in 
13 mi 30 mM Tris-HCl, pH 7.9, 0 1 mM phenyimethytsulphonytfinoride (PMSF), 
S0uM dithiothreitol (DDT), 0.5 mgm? lysozyme. Thu suspension was 


Eppendorf microfuge for 

15 min The supernatant was first diluted with 50 mM Tris-HCI, pH 7 9, 0.1 mM 
PMSF, 50 uM DTT or directly assayed Total protem was determined by the 
Coomassie blue method**. 

* Insert has an internal HindIl sto 

The plasmid pGR71, an E. coli/B. subtilis co-integrate, was 
constructed specifically for use in these studies (Fig. 1). pGR71 
patina kanamycin resistance (Km’‘) on both hosts and low-level 

Cm” (5 pg mi chloramphenicol in solid medium) in E. coli. 

B. subtilis, transformed with pGR71, is chloramphenicol sensi- 
tive and contains no CAT activity as determined by colorimetric 
assay’. The low-level expression of Cm’ in E. coli is probably 
due to read-through transcription from promoters upstream of 
the Cm’ gene. A second co-integrate plasmid, pEB1 (Fig. 2), 
contains the intact Cm’ gene and thus confers high-level Cm‘ on 
E. coli but not on B. subtilis (Table 1). 
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plasmid represents the restriction frag- 
ment used to construct the new plasmid 
derivative. The rationale underlying the 
construction of pGR71 was to introduce 
the CAT gene into a co-integrate plas- 
mid—pG R7 1—+so that the gene is directly 
preceded by a unique HindIII site, which 
can be used to clone exogenous HindllIl- 
generated DNA fragments. The plasmids 
pCM1 and pCM7 were constructed from 
pBR328 and pBR327 (Close and Rodri- 
guez, in preparation). pUB110 has been 
isolated and described elsewhere’. The 
786-pb Hindill-Sal CAT-containing 
fragment was derived from a Taqi frag- 
ment starting from the TCGA sequence at 
the left to the TCGA sequence at the 
right". Two translational stop codons, 
both outside the reading frame for the 
CAT protein, are indicated. Two 
sequences showing extensive homology 
with the 3° end of the E. coli 16S rRNA 
are also represented’. Hypothetically, 
translational initiation can begin within a 
cloned HindIIl-cleaved DNA insert, or 
EcoRI from the AUG codon adjacent to the 
putative ribosomal binding sites within the 
36 nucleotides between the AUG codon 





ase oath 
Eco RI A Kori P 





r$ ind Ill and the HindIII cloning site on the DNA, 
of 7 [Translational initiation within a cloned 
Ap | pcm Hindlil fragment should continue 
\ l } through the leader sequence and into the 
f 
-i / structural gene without termination. 
~~ oft 
ee 





We activated the Tn9-derived Cm‘ gene by insertion of B. 
subtilis chromosomal DNA fragments in the following way. A 
1:1 mass ratio of HindlIll-cleaved B. subtilis BD630 
chromosomal DNA and pGRI1 were ligated using a final total 
DNA concentration of 100ngypl°'. When transforming B. 
subtilis directly with the ligation mixture, transformants were 
first selected for the presence of plasmid on kanamycin plates 
and then replica-plated on to agar plates containing 5 pg ml ' 
chloramphenicol. Table 1 shows some of the properties of 
recombinant plasmids isolated from Cm‘ B. subtilis clones using 
the protocol described above. All these plasmids were found to 
be stable to deletion in B. subtilis BD630 and E. coli HB101. As 
pEB1 was derived from pBR328, which may undergo spon- 
taneous deletion in E. coli '”, only freshly transformed host cells 
were used in our experiments. 

Both in vivo (efficiency of plating) and in vitro (CAT activity 
assay) determinations of Cm’ provide reproducible estimates of 
gene expression. The colorimetric assay for CAT is sensitive 
over at least four orders of magnitude (1.0-—12,000 units per min 
per mg protein, data not shown). Therefore, while plating 
efficiencies were used to identify Cm‘ transformants, CAT 
activity was taken as a more direct measure of Cm’ gene 
expression. All pGR71 derivatives which confer chloram- 
phenicol resistance on B. subtilis were also capable of conferring 
at least low-level Cm‘ on E. coli. When E. coli was directly 
transformed with the ligation mixture and selected for Cm‘ and 





Km’, it was found that B. subtilis DNA could directly activate Fig. 2 Agarose (1%) gel electrophoresis of plasmids was used pEBI was 
the Cm' gene of pG R71 in E. coli. Plasmids isolated from Cm’ E. obtained by cleaving pBR328 and pUB1 10 with BamHI and ligating with T4 
coli after transformation always contain pGR71 with Hindlill DNA ligase. Transformants of E. coli HB101 and B. subtilis BD630 were 


subsequently selected for a Km‘, Cm’ co-integrate plasmid, 1, BamHI- 


insert(s). Interestingly, not all these plasmids were capable of cleaved pBR328; 2, BamHlI-cleaved pEB1; 3, BamHI-cleaved pUB110 
transforming B. subtilis to Cm’ even though the plasmids were The ~780-bp DNA fragment containing the CAT structural gene is 
stable to deletion and curing. represented by a HindIII digest of pCM7 (4) and HindIII—Safl double digest 


; : ~ oat 7 anes 6 7 ' EcoR\|-cleaved A DNA and Hpa-I cleaved 
R ¢ = s for the different Cm of pGR71 (5). Lanes 6 and 7 show EcoR|-cleaved A D! 
Although the plasmid copy number r T7 DNA standards. T7 and A DNAs were gifts from M. Chamberlin and T 


derivatives of pGR71 have not been determined directly, ne Close respectively. pUB110 was isolated from wild-type B. subtilis 168 by a 

believe them to be similar on the basis of the levels of Km’ as srocedure described elsewhere". All other plasmid DNAs were purified 
. f 3 

determined by growth rate in selective medium (data not either from E. coli HB101 or from RR1 as previously described 
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6 ; 10 12 14 
ul Antiserum per reaction 
Fig.3 Specific immunological inhibition of CAT activity. Crude antiserum 
to purified E. coli pBR328-encoded CAT was raised by immunizing a New 
Zealand White rabbit. Milligramme quantities of E. coli CAT were purified 
by the second ammonium sulphate precipitation described elsewhere” except 
that 0.1 mM PMSF was present in the breaking buffer. The ammonium 
sulphate pellet was suspended and dialysed overnight against 50 mM Tris- 
HCI pH 7.9, 50 uM DTT, 0.1 mM PMSF and 0.2 mM chloramphenicol 
before loading on to a 20-ml coenzyme A (CoA) linked Affigel 10 column. 
The affinity column coupling reaction was performed overnight at 4 °C ina 
closed plastic tube using 20 mi Affigel 10 (Bio-Rad) and 52 mg CoA (Sigma) 
in 10mM 2-(N-morpholino)ethanesulphonic acid (MES buffer), pH 6.0. 
1.85 mg CoA was coupled per ml of Affigel 10, as determined by the 
coupling efficiency (73%) of a *H-labelled CoA (NEN) tracer, added with 
the unlabelled coenzyme A. The loaded column was washed with two 
column volumes of 50 mM Tris-HCI pH 7.9, 50 mM NaC! and 50 uM DTT, 
then developed with 100 ml 0.05-0.5 M NaC! linear gradient in the same 
buffer. The CAT activity peak eluted at 0.3 M NaCl. Fractions containing 
pure CAT, as judged by SDS-electrophoresis, were pooled, the volume 
reduced and stored at —20 °C. Inactivation by anti-CAT antiserum of crude 
extracts (prepared as described in Table 1 legend) was monitored by the 
spectrophotometric method of Shaw’ as follows: 5-10 ul of purified enzyme 
or crude extract and 0-15 ul antiserum were added on ice to a 1-mÌ complete 
CAT assay reaction mix (0.4 mg mi~’ 5,5'-dithiobis-(2-nitrobenzoic acid) 
(DTNB), 100 mM acetyl! CoA, 0.1 mM chloramphenicol, 50 mM Tris-HCl, 
pH 7.9). The reaction mix was left on ice for 10 min and then transferred to a 
37°C water bath. After a 5-min incubation at 37°C, CAT activity was 
determined by absorbance at 412 nm. @, Purified CAT from E. coli- 
pBR328; W, crude extract of B. subtilis BD630 harbouring pGR71-15; A, 
crude extract of B. subtilis BD630 harbouring pC 194. Inset shows a double- 
diffusion Ouchterlony test of 15 ul anti-E. coli CAT antiserum (well 1) with 
6.8 mg of purified E. coli CAT (wells 4 and 7); 15 wl crude extract of BD630 
harbouring pGR71-15 (wells 2 and 5); 15 wl crude extract BD630 (well 3) 
and 15 ul crude extract of BD630 harbouring pC194 (well 6). The 1% 
agarose Ouchterlony plate was incubated overnight at room temperature 
before the photograph was taken. 
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shown). A direct correlation between plasmid copy number and 
level of antibiotic resistance has been established previously'’. 
In addition, the fact that similar amounts of plasmid DNA have 
been isolated from different clones suggests that copy number is 
not greatly affected by the presence of HindIII inserts. There- 
fore, we conclude that the different levels of CAT activity 
exhibited by the pGR71 derivatives are probably due to 
differential gene expression and not to differences in plasmid 
copy number. 

To establish that the B. subtilis Cm” phenotype was due to 
Tn9-derived CAT activity and not, for example, to a 
contaminating Gram positive-derived Cm" gene or a 
chromosomal mutation, crude cellular extracts were prepared 
from Cm‘, Km’ B. subtilis transformants and when assayed 
(Table 1), all were found to contain some level of CAT activity. 
The lack of immunological cross-reactivity between Gram- 
positive and Gram-negative Cm‘ gene products** enabled us to 
demonstrate the Gram-negative origin of the CAT activity in 
Cm‘, Km’ B. subtilis clones. Double-diffusion Ouchterlony (Fig. 
3) experiments showed lines of identity between the E. coli 
pBR328 and B. subtilis pGR71-15 CAT enzymes. Antiserum 
did not visibly cross-react with crude extracts of BD630 or 
BD630 harbouring pC194. pC194 carries a Cm’ Originally 


isolated from S. aureus’ and is immunologically representative 
of CAT found in Gram-positive bacteria’. Antiserum to E. coli 
CAT was shown specifically to inhibit both E. coli pBR328- 
encoded CAT and the CAT produced by a specific Cm‘, Km‘ B. 
subtilis clone, pGR71-15, but not that produced by pC194- 
transformed B. subtilis (see Fig. 3). The CAT activity in crude 
extracts of other Cm‘, Km‘ B. subtilis was also specifically 
inhibited by anti-CAT antiserum (data not shown). 

The level of Cm‘ on agar plates and CAT activity in crude 
extracts varied among the different B. subtilis transformants, 
depending on the HindIII insert(s). However, there was no 
correlation between the level of Cm’ and the DNA insert size 
(Table 1). The ability of different fragments to determine the 
level of Cm‘ gene expression supports the notion that expression 
is directed by B. subtilis promoters and possibly by translational 
initiation signals within the cloned fragments. Because the 
putative Gram-negative ribosomal binding site for the Cm‘ gene 
is still present in pGR71 (Fig. 1), we cannot be certain whether 
translation is initiating from within the DNA insert or from the 
native site. However, the inability of in vitro B. subtilis trans- 
lation systems to translate E. coli mRNA‘ supports the notion 
that in vivo, a B. subtilis ribosomal binding site must be supplied 
with a promoter to allow gene expression. We are now studying 
the nature of gene expression of the activated Cm’ gene inserted 
in B. subtilis and E. coli. 

From the above evidence, we conclude that although the 
native E. coli-derived Cm‘ gene is not expressed in B. subtilis, 
the structural portion of this gene can be expressed when 
controlled by B. subtilis regulatory elements. Finally, as B. 
subtilis DNA inserts can activate the expression of the Cm‘ gene, 
it should be possible to use pGR71 or a similar plasmid as a 
gene-expression vector in B. subtilis and other related Gram- 
positive hosts. 
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synthesis during heat shock 
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When the cells or tissues of most eukaryotes are exposed to 
elevated temperatures, they respond with the vigorous 
induction of a small number of ‘heat shock’ proteins (hsps). I 
report here investigations on the responses of two very different 
organisms, the fruit fly Drosophila melanogaster and the yeast 
Saccharomyces cerevisiae. Although both organisms achieve a 
very rapid shift in protein synthesis, they do so in very different 
ways. In Drosophila, heat shock induces a mechanism of trans- 
lational control which both promotes the translation of hs 
mRNAs and specifically represses the translation of pre-existing 
mRNAs. Yeast cells, in contrast, do not possess a special 
mechanism to sequester pre-existing messages from translation. 
Instead, most of these messages simply disappear rapidly from 
the cell, while those that are retained continue to be translated. 
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Heat treatment of Drosophila cells induces drastic changes in 
transcription, with immediate inhibition of normal mRNA 
synthesis and vigorous induction of hs mRNAs*™*. However, 
these changes alone cannot account for the radical changes 
which take place in protein synthesis. Heat shock must also 
activate some mechanism to clear pre-existing mRNAs from 
polysomes. This is apparent from the simple fact that normal 
polysomes disappear before hs mRNAs accumulate, and dis- 
appear even when hs mRNA synthesis is blocked®. One way to 
clear the cell of polysomes would be to degrade their 
messengers. An argument against this simple explanation is the 
fact that translational activity for normal proteins can be reco- 
vered from  heat-shocked cells (assayed in vitro)’. 
Unfortunately, such experiments are difficult to quantify satis- 
factorily due to the presence of many RNAs which normally are 
not translated efficiently in Drosophila cells’°. There is another 
very simple way to confirm the retention of pre-existing 
messages in heat-shocked cells. As shown in Fig. 1a, cells 
recover the full spectrum of normal protein synthesis when 
returned to normal temperatures, even when new transcription 
is blocked with actinomycin®*'’. Control experiments (not 
shown) demonstrated that the drug effectively blocked mRNA 
synthesis and did not artificially increase isotope incorporation 
by shrinking the pool of free leucine. Furthermore, in indepen- 
dent experiments monitoring polysomes after heat shock, 
normal profiles reappeared with equal speed in the presence or 
absence of actinomycin. The recovery of protein synthesis in Fig. 
la is therefore almost certainly due to resumed translation of 
pre-existing mRNAs. ' 

The ability of normal messages to return to translation after 
heat shock is remarkably reproducible. For Fig. 1b, cells were 
heat shocked, treated with actinomycin and allowed to recover 
at 25 °C, followed by three further cycles of treatment. Normal 
messages were repeatedly sequestered during heat shock and 
re-used during recovery. Note that synthesis of hsps dampens 
out during each recovery. This finding provides an internal 
control that actinomycin is effectively blocking new transcrip- 





Fig. 1 Retention of normal cellular messages in heat-shocked cells, 
demonstrated by the recovery of protein synthesis in the presence of 
actinomycin D. a, Time course of recovery after a 15-min heat shock. 
Identical aliquots of cells were incubated in a 37 °C water bath for 15 min. 
Actinomycin D was then added (1 ug m!~’) and cells were returned to 25 °C. 
Individual aliquots were pulse-labelled with *H-leucine for 15 min in 
consecutive 15-min intervals. The complete spectrum of normal protein 
synthesis is restored despite the inhibition of new transcription with 
actinomycin D. b, Repeated heat shock—recovery cycles. Identical aliquots of 
cells were incubated for 25min at 37°C. Actinomycin D was added 
(1 wg ml~') and the cells allowed to recover for 90 min at 25 °C. The cells 
were then subjected to three additional cycles of treatment at 37°C for 
25 min followed by 90 min of recovery at 25 °C. One aliquot was labelled 
with *H-leucine during the last 10 min of each temperature shift. Normal 
cellular messages are repeatedly sequestered from translation during heat 
shock but return to protein synthesis during recovery, Proteins were 
analysed on 11% polyacrylamide-SDS slab gels’? which were impregnated 
with fuor™” and autofluorographed with preflashed XR-5 film. Each slot 
contains protein from 10° cells. 
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Fig. 2 Effects of changing temperature or RNA concentration on the 
translation of Drosophila messages in vitro. Poly(A)-containing polysomal 
RNA from heat-shocked and control cells* was mixed together in equal 
quantities and translated in a nuclease-cleared reticulocyte lysate*'. To 
compensate for differences in overall incorporation, equal c.p.m.s from each 
same sample were layered on the gel. a, Translation of 0.2 ug RNA at 
various temperatures. Temperature has little effect on the relative trans- 
lational efficiencies of heat-shock and control messages. b, Translation over a 
16-fold range of RNA concentration at 33 °C. Incorporation was linear with 
respect to RNA concentration in the range of 0.01-0.15 pg RNA per 15 pl 
reaction, Heat-induced messages do not have a major advantage for initia- 
tion when the translational capacity of the lysate becomes limiting. All 
reactions were performed in 15 u! with 150 mM KAc and 20 mM MgAc. 


tion (in its absence each heat shock induces new hs mRNA and 
protein synthesis). It also indicates that the mechanism which 
protects untranslated messages during heat shock is highly 
specific; normal messages are protected during heat shock but hs 
mRNAs are not protected during recovery. 

The fact that Drosophila cells preferentially translate hs 
mRNAs at high temperatures does not necessarily mean the 
process is a regulated one. Temperature-induced changes in the 
secondary structure of mRNAs can critically affect their relative 
translational efficiences’*. To determine whether the change in 
translation during heat shock is the simple consequence of such 
effects, mRNAs from 25 °C cells and from matched heat-shock 
cultures were mixed and translated in vitro at 25, 28, 31, 34 and 
37°C (Fig. 2a). Clearly, temperature has only a very minor 
effect on the relative translational efficiencies of these RNAs. 
Similar results have been obtained with total polysomal RNA 
and with poly(A)-containing RNA, with RNA concentrations 
adjusted above or below the level of saturation. Another 
laboratory has found that, when supplied with a mixture of 
control and hs mRNAs and incubated at intermediate tempera- 
tures, control cell-free translation lysates from Drosophila 
cells’ produced both types of protein, while hs lysates produced 
primarily hsps. Thus the different patterns of protein synthesis in 
heat-shock and control cells reflect a very real difference in their 
translational activities. 

Before we can conclude that Drosophila has a truly selective 
mechanism of translational regulation, one more possibility 
must be eliminated. As Lodish has pointed out’’, any 
nonspecific reduction in initiation will result in translation of 
only those messages which have a particularly high affinity for 
ribosomes. Profound changes in the patterns of synthesis can 
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thus be achieved without a real change in the specificity of 
translation. If heat treatment reduces the rate of initiation, the 
changed pattern of synthesis might simply be due to hs mRNAs 
having a competitive advantage for a limiting resource. 

This question has been investigated both in vitro and in vivo. 
In the experiment presented in Fig. 2b, a mixture of control and 
hs mRNAs were translated at various concentrations in a retic- 
ulocyte lysate. At low concentrations of mRNA, both popu- 
lations should be translated efficiently. As the concentration 
reaches saturation (at 0.2 pg of RNA), messages with an advan- 
tage for initiation should dominate the reaction. Although 
certain proteins do drop out as RNA concentration increases, hs 
mRNAs do not have a major advantage for initiation with 
respect to the sum total of normal messages. A different 
approach is to measure the actual rates of initiation in vivo. As 
we have reported elsewhere'*, only hs messages were readily 
amenable to this type of analysis. Nevertheless, their rates of 
initiation were comparable with the fastest known rates in other 
eukaryotic systems. Thus, if some factor does become limiting 
for translation of normal cellular messages, it must not be 
limiting in the same way for heat-shock mRNAs. 





Fig.3 Changing patterns of translation during heat shock in yeast. a, Time 
course of protein synthesis in vivo. A culture of yeast cells (A364a) growing 
in minimal dextrose medium at 25 °C with vigorous aeration was transferred 
to a prewarmed Erlenmeyer flask shaking in a 40°C water bath. Fifteen 
minutes before transfer, and in 15-min intervals thereafter, 100-1 aliquots 
were removed from the culture to prewarmed test tubes containing *H- 
leucine, After a 15-min labelling, cells were diluted with 3 ml of ice-cold 
sorbitol, collected by centrifugation, treated briefly on ice with 50% v/v 
glusulase sorbitol and washed in sorbitol again. Proteins were solubilized in 
SDS sample buffer and electrophoresed on a 12% SDS-polyacrylamide slab 
gel. b, In vitro translation of RNAs isolated from the same cell culture. At the 
midpoint of each protein-labelling period (that is, 7.5, 22.5, 37.5, 52.5, 67.5 
and 82.5 min of heat treatment), 50 ml of culture were removed from the 
flask and collected by centrifugation. The cells were resuspended in 2.5 ml of 
ice-cold extraction buffer (0.1 M Tris pH 7.5, 0.1 M LiCl, 0.01 M dithio- 
threitol) and added to a vigorously vortexing emulsion of 0.5 ml 10% SDS, 
2.5 ml phenol, 2.5 ml chloroform and 7 g of glass beads. Vortexing was 
continued without interruption for 5 min. The phases were separated by 
centrifugation and the aqueous phase was re-extracted twice with 
phenol/chloroform. RNA was precipitated four times with ethanol. Trans- 
lation of total cellular RNA in a reticulocyte nuclease-cleared lysate?’ was 
performed at a concentration of 120pgml™ in 150mMKAc and 
1 mM MgAc at 33°C. c, d, Electrophoretic analysis of the RNA prep- 
arations translated in b. An equal quantity of each sample (2 ug per slot) was 
electrophoresed on methyl mercury agarose gels’. c, Ethidium bromide 
fluorescence shows equal recovery of RNA in each preparation and a ratio of 
2:1 for the large and small yeast rRNAs. d, After impregnation of the gel 
with diphenyloxazole in dimethyl sulphoxide: Dioxane, the autofluorogram 
shows uniform recovery of *H-labelled Drosophila RNA (the ribosomal 
precursor and small subunit RNA) added to the yeast cells before RNA 
extraction to monitor degradation. 
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Fig.4 Disappearance of yeast RNAs during heat shock. Plasmids contain- 
ing sequences of the /eu-2 (ref. 22) and ura-3 (ref. 23) genes of S. cerevisiae 
were nick-translated and hybridized to yeast RNA which had been elec- 
trophoretically separated on methyl mercury agarose gels and transferred to 
nitrocellulose filters**. Each well of the gel contained 2 ug of total cellular 
RNA from the same preparations analysed by in vitro translation in Fig. 3b, 
lanes 1 and 4. Autoradiograms were scanned on a Joyce Loeb! micro- 
densitometer; the direction of electrophoresis was from left to right. Three 
RNA species present in control cells (indicated by arrows) have virtually 
disappeared from the heat-shock cells. Hybridization on the far left is due to 
DNA present in the samples. 


Yeast cells also respond to temperature elevation with a 
marked change in protein synthesis'*'’. As with Drosophila, a 
small number of proteins is strongly induced (Fig. 3a). No 
simple statement, however, can describe the change in pre- 
existing proteins. A dramatic decline in the synthesis of certain 
proteins is evident within a few minutes. Others decrease more 
gradually, while some continue to be synthesized at their initial 
levels. This is in marked contrast to the Drosophila response, in 
which the pre-existing proteins decline as a cohort, disappearing 
very rapidly and with the same kinetics. 

To determine whether the disappearance of yeast proteins 
from the synthetic profile is due to translational discrimination, 
yeast RNAs were isolated and assayed by in vitro translation. 
RNA was extracted from aliquots taken at the midpoint of each 
protein-labelling interval. The patterns of in vitro and in vivo 
synthesis correspond very closely (Fig. 3b), suggesting that 
reduced synthesis of particular proteins during heat shock cor- 
relates with the degradation of their mRNAs. However, it is 
necessary first to eliminate three other possible explanations of 
the data. 

(1) It is quite reasonable to suppose that messages which are 
translated inefficiently in vivo are more susceptible to degrada- 
tion during extraction. Their apparent disappearance would 
then be merely an artefact of isolation. Therefore, an extraction 
method was devised which allowed rapid and quantitative 
recovery of undegraded RNA. Using this method, yeast rRNAs 
gave quantitatively identical fluorescence patterns after gel 
analysis, with no evidence of breakdown, that is, the ratio of 
large to small subunit RNA was 2.0 (Fig. 3c). To control for 
degradation of particularly vulnerable species, a small quantity 
of purified *H-labelled RNA of very high specific activity was 
added to each cell pellet before extraction. It was recovered 
completely intact and undegraded in each sample (Fig. 3d). 

(2) It is possible that some regulatory factor co-purified with 
the RNAs and influenced the patterns of translation in vitro. 
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Heat-shock and control mRNAs were therefore mixed and 
translated together at various temperatures. The results (data 
not shown) were purely additive, that is, the hs RNAs contained 
no factor which influenced translation of normal messages. 

(3) It is possible that pre-existing messages are physically 
altered during heat shock in some way which blocks their 
translation both in vivo and in vitro. The concentration of 
particular mRNAs was therefore quantified by hybridization to 
cloned genes. The RNA samples of Janes 1 (25 °C control) and 4 
(52.5 min at 40 °C) in Fig. 3 were analysed by Northern hybri- 
dization with /eu-2 and ura-3 genes (Fig. 4). The major RNA 
species hybridizing to ura-3 is ~1 kilobase (kb) long and is 
reduced fivefold after nearly 1 h of treatment. The leu-2 plasmid 
also contained a portion of the ty- 1 sequence. The species on the 
far right is ~1.2 kb, exactly the size expected to code for the 
leu-2 gene product, isopropylamate dehydrogenase. It is 
reduced to less than 5% of its normal level after heat shock. The 
large RNA on the left is ty-1 which virtually disappears during 
heat shock. (It is intriguing that ty-1, which has yet to be 
associated with a protein-coding function, is also regulated by 
heat-shock repression.) 

The biological assays (by in vitro translation) and the physical 
assays (by hybridization with cloned probes) agree. Most pre- 
existing mRNAs are degraded during heat shock, although at 
varying rates. Yeast cells, unlike Drosophila cells, do not induce 
a special mechanism for sequestering pre-existing messages 
‘from translation. Many questions remain to be answered. We do 
not know what changes take place in transcription. Are certain 
messages retained during heat shock because they continue to 
be transcribed, or do they simply have much slower turnover 
rates? Are these the same as their turnover rates at 25 °C or do 
they change during heat shock? Note also that it is not possible 
rigorously to exclude translational control from a role in the 
response. It is conceivable that selected reduction in the trans- 
lation of certain messages is the signal for their degradation. At 
any rate, it is clear that the changing patterns of protein synthesis 
observed in yeast are directly correlated with the changing 
populations of message in the cell. 

The functional significance of the heat-shock response is 
unknown. Nevertheless, its speed, magnitude and ubiquitous 
distribution among eukaryotes suggest that the ability to shift 
rapidly to heat-shock protein synthesis is of critical importance 
to eukaryotic cells. Because the normal message complement of 
Drosophila cells is long lived’, even vigorous induction of new 
message would require several hours to produce a major impact 
on the protein profile of the cell. This represents a substantial 
fraction of developmental time in the tightly programmed life 
cycle of this organism. Experiments presented here, together 
with reports from other laboratories, offer overwhelming evi- 
dence that these cells use a rigorously discriminating mechanism 
of translational control to maximize their response. The trans- 
lational machinery of the cell is rapidly cleared for production of 
hsps yet the transcriptional investment in pre-existing messages 
is preserved. In yeast colls, where message half lives are typically 
measured in minutes*, no such mechanism seems to exist. 
Instead, pre-existing messages are simply allowed to decay at 
their own rates, leaving the cell free to shift into heat-shock 
protein synthesis with nearly the same speed as occurs in 
Drosophila. 
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and the many people in their laboratories whose advice 


has been of invaluable help in the yeast experiments, and 
Maggie Winkler and Sandra Sonoda for technical assistance. 
This worked was supported by grants from the NIH and NSF. 


Rocerved 17 December 1980, socepted 23 July 1981. 


1. Ashburner, M. & Bonner, J. J. Calf 17, 241-254 (1979) 

2. Ritossa, F. M. Expl Cell Res. M, 601-607 (1964) 

3. Tmederes, A , Mitchell, H. K & Tracy, U. MJ, molec Bio! 84, 389-398 (1974). 

4, Sprediing, A Penman, $. & Pardue, Mi L. Ceff 4, 395-404 (1975). 

5. McKenzie, $. L, Hecikotl,$ & Meselson, hi Prec aain Acad Sear US A 72,1117-1121 
(1975). 

6. McKenrio, §. L thesis, Harvard Unt. (1976). 


Clermont, M, Moran, L, Aryo, A P k Tuere, A Cold 


j 
| 


14 Lockout, $ L J molac Buel 197, 151-158 (1980) 
k Geactuschek, P Prec sain Acad So. US A Th, 5272-5525 


F 
| 
Z 
k 


16 McAlmter, L. V, Stransberg, 8., Kalagn, A & Fmkiestem, D B Cwr Gomat 1, 63-74 


19 Leemmb, U K Naime 227, 680-685 (1970). 


20, Laskey, R. A k bill, A D Eur J Biochem Fh, 335 (1975) 

21 Pelbem,H R B & Jeckson, R J Ew J Ehochem 67, 247-236 (1976) 

2. Pota, T D Call 19, 765-774 (1980). 

23 Bach, M 1, LaCroote, F & Botsten, D Prec maim Acad Ser USA Th, 386-990 (1979) 
24 Thomes, P Proc mam Acad Sar USA TI, 5201-5205 (1980) 

25 Chm, L L k McLenghin, C $ Aec gen Comet 170, 137-144 (1979) 





Primary structure of C-terminal 
functional sites in ovine rhodopsin 


John B. C. Findlay, Michael Brett 
& Darryl J. C. Pappin 


Department of Biochemistry, University of Leeds, 9 Hyde Terrace, 
Leeds LS2 9LS, UK 


Rhodopsin is the primary photoreceptor protein in the verte- 
brate retina. The fuactional complex consists of the polypeptide, 
opsin, to which is bownd a molecule of 11-cis-retinal. An 
absorbed photon of light induces electronic changes in this 
chromophore, resulting ia its isomerization to the all-trans 
form’ and the triggering of a series of spectrally-defined con- 
formational changes inthe protein. This ‘activation’ of rhodop- 
sin promotes biochemical ovemts which result in the transmission 
of an integrated response to the brain (for reviews, see refs 2-4). 

Here we report the amino acid sequence of the C-terminal third 
of the ovine protein, ta which we identify the retinal-binding and 
phosphorylation sites. 

Ovine opsin consists of a single glycosylated polypeptide of 
apparent molecular weight (MW) 38,000 and constitutes about 
90% of the protein contained in the rod photoreceptor 
membranes. The bulk of the protein is thoroughly embedded in 
the lipid bilayer, which accounts for the limited susceptibility of 
the native polypeptide to degradation by oiea T We have 
made use of this property to cleave ovine rhodopsin efficiently in 
situ with the protease V8 from Sraphylococcus aureus, an 
enzyme specific for Glu or Asp-X peptide bonds’®. 

Treatment of intact photoreceptor membranes with this pro- 
tease cleaved the protein into two membrane-bound fragments, 
designated V8-L and V8-S, of apparent MWs 27,000 and 
12,000, respectively (Fig. 1a, b). In addition, a single 7-residue 
peptide (derived from the C-terminus of the intact protein) was 
released into the supernatant. The digested protein retained full 
spectral integrity, and its conformational stability in detergent 
solution allowed the V8-L and V8-S fragments to be delipidated 
and purified as a single complex by affinity chromatography on 
concanavalin A (Con-A)-Sepharose’’. The two fragments were 
then resolved by gel filtration in organic solvents (Fig. 2). Figure 
3 shows the complete amino acid sequence of the smaller (V8-S) 
fragment. This comprises the C-terminal third of the protein and 
contains the chromophore ‘attachment site, the sites of light- 
induced phosphorylation, and one of the two -SH groups freely 
available for modification in the intact protein. 

[15-°H]11-cis-retinal’* was covalently linked to the protein 
by reductive fixation with KBH,; the site of attachment is 
localized on the V8-S fragment (Fig. 1c). Sequence studies of 
*H-labelled peptide 3 showed that radioactivity is released only 
at position 53, and is recovered in molar yield’. Sequence data 
on unlabelled protein confirmed the assignment of a lysine 
residue at this position, and this unambiguously identifles the 
chromophore binding site. 
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Fig.1 Digestion of ovine rhodopsin in situ. Rod disk membranes 
were prepared from, isolated sheep retina in dim red light as 
previously described’°. Purified photoreceptor membranes were 
suspended at a protein concentration of 2 mgmi > in 67 mM 
sodium phosphate buffer pH 7.0, and digested for 3 h at 30°C in 
the dark with 2% w/w protease V8 (S. aureus). Analysis of the 
digested material by SDS-urea pol acrylamide gel electrophoresis 
(10% w/w acrylamide, 8 M urea?) revealed the presence of two 
fragments of apparent MWs 27,000 and 12,000, designated V8-L 
and V8-S, respectively (Fig. 1a, b). The supernatant contained a 
single peptide (peptide 6, Fig. 3) which was isolated by gel filtration 
on P4 in 5% v/v acetic, acid. Bleached, Jhodopsin could be 
regenerated with [15-°H]11-cis-retinal?? , Hlumination of 
regenerated protein in the presence of 3 mg mi ! KBH; resulted in 
the specific labelling of the V8-S fragment (Fig. 1c). 


After bleaching in the presence of a rod-cell kinase pre- 
paration and [y-"° P]ATP, opsin is phosphorylated’* +" In 
agreement with data from the bovine protein’, the residues 
containing *’P were located in the region 6-15 and assigned to 
specific Ser and Thr residues’. 

Native rhodopsin also contains two -SH groups which are 
freely available for alkylation’®'’; one of these is located in 
V8-L, the other is residue 33 on V8-S. 

Comparison with partial sequence data from the bovine pro- 
tein’'* reveals almost complete homology between the two 
polypeptides. A conservative substitution has occurred at posi- 
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Fig.2 Isolation of V8 proteolytic fragments. Proteolysed, washed 


disk membranes were solubilized in 3% w/v dodecyltrimethyl- - aa 


ammonium bromide (DTAB) and Subjected to affinity chromato- — ER 
graphy on Con A-Sepharose 4B*', The peak fraction of Durified | been 
and delipidated V8-cleaved opsin contained 3-5 mg mil” “protein 
and had an Aggo/Asoo ratio of 1.65. The protein was dialysed 
against 0.2 M Tris-HCI pH 8.6, containing 0.25% w/v DTAB and 

5 mM dithiothreitol, before carboxymethylation for 1 hin the dark 
with 10 mM iodoacetic acid. The two carboxymethylated frag- 
ments were then dialysed against distilled water and the lyophilized: 
fragments separated on Sephadex LH60 equilibrated and eluted 

with 90% formic acid/ethariol 1:2 v/v. 


tion 31, valine (bovine) replacing leucine. Pellicone ef a/.'" have 
inferred the presence of a tryptophan residue at 84 on the basis 
of chemical cleavage with 2-(2-nitrophenylsulphonyl)-3- 
methyl-3’-bromo indoline-skatole. We sometimes also find a 
phenylalanine at this position, but we do obtain specific cleavage 
at this point with the tryptophan-directed reagent, oe-iodoso- 
benzoic acid’’, The remaining differences occur adjacent to the 
retinal-binding residue. The ovine sequence in this region is (54) 
Ala-Lys-Ser-Ser-Ser (50), which differs from the reported | 
bovine sequence of ~Ala-Lys-Thr- Ser-Ala- (ref. 18). In the case 
of the bovine protein, this region was first implicated as the 
retinal-binding site by Wang et al.” folowing their isolation of 
an Ala-retinyl lysine dipeptide from exhaustive pronase diges- 
tion of the whole protein, and its inferred location in the partial 
sequence data of Pellicone'*. Considering the remarkable 
extent of homology in the rest of the compared sequences, itis: 
surprising that this variability occurs in such a critical region of 
the molecule. In any event, the almost complete conservation: of, 
primary structure, particularly in the trans-membrane segments, 
is interesting. Whether this will turn out to reflect a ane of 
integral membrane proteins in general, or opsin in particular, 
remains to be seen. | 

Our other labelling procedures are incomplete, but it seems 
reasonable to assign residues 109 to ~96 as part = 
cytosolic loop sensitive to various proteases*~ - 
the polypeptide chain probably traverses the bilayer, making a 
projected turn somewhere in the region of residues 72 to 63, 
before crossing the membrane once more to return to the 
cytosolic face at about residue 35. The remaining segment of the 
chain does not seem to re-enter the membrane. We predict the 
retinal-binding lysine to be within the bilayer, perhaps one third. 
of the membrane width from the intradiskal surface, The olus- 
tering of hydroxyl groups immediately adjacent to this residue 
suggests that they may be involved in the protonation of the 
Schiff base linkage”. 
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Fig. 3 Complete amino acid sequence of the C-terminal V8-S 
fragment of ovine rhodopsin. Purified V8-S was subjected to 
cleavage with a 100-fold molar excess of CNBr in 70% formic acid 
for 24h at room temperature in the dark. The fragments were 
purified using Sephadex LH60 and LH20 in 90% formic 
acid/ethanol 1:2 v/v. Peptides 1~4 were coupled to aminoethyl- 
aminopropyl (AEAP) glass by the C-terminal homoserine 
lactone”; peptide 5 was coupled to AEAP glass following p- 
phenylene diisothiocyanate activation”. These were sequenced 
using the Rank~Hilger solid phase APS 240 sequencer, whereas 
peptide 6 was sequenced manually’’. The fragments were aligned 
as follows: peptide 1 from its amino-terminal identity ( Ser) with 
V8-S: peptides 2 and 3 from the structure of an overlapping 
peptide obtained on digestion of V8-S with o-iodosobenzoic acid in 
80% aqueous acetic acid, 4 M guanidinium chloride’’: peptides 4 
and § from the C-terminal V8-sensitive glutamic acid residue on 
peptide 5, and peptide 6 from the lack of a methionine cr a 
C-terminal acidic residue". When [15-*H]11-cis-retinal was 
covalently fixed to the protein, peptide 3 was the only labelled 
fragment”. 


Note that several glutamic acid residues (102, 100 and 17) do 
not act as substrates for protease V8, and that certain -SH 
groups (26 and 27) cannot be alkylated in the intact protein, all 
of which may represent clues to the tertiary structure of rhodop- 
sin. 

An analogous light-sensitive protein, bacteriorhodopsin, is 
present in the membrane of Halobacterium halobium a 
Although they may have some features of general molecular 
morphology in common, the data available for the two verte- 
brate opsins indicate no obvious homology. This is particularly 
true of the residues surrounding the retinal attachment sites”, 
and the relative position of that site in the whole structure. 
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However, further conformational studies may reveal structural 
similarities in these regions. 

We thank the SRC for the award of a studentship to D.J.C.P., 

the MRC for supporting M.B. and both the SRC and MRC for 
general research support to J.B.C.F. 
Note added in proof: The site of attachment of retinal in 
bacteriorhodopsin has been reassigned to lysine 216 (ref. 31). 
This C-terminal location is more analogous to the structural 
arrangement in ovine rhodopsin. l 
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The binding of ligands to proteins often occurs at rates that 
approach the diffusion-controlled limit’. For spherical mole- 
cules with negligible interactions apart from isotropic reactivity 
on contact, the diffusion-controlled rate constant is kp = 4n RD, 
where R is the distance between molecular centres at contact 
and D is the relative translational diffusion constant'*. Devia- 
tions from this limiting rate due to interaction potentials*”, 
hydrodynamic interactions’ and static geometric features of 
the binding sites™™ have previously received much attention. 
Here, we point out another possible cause of such deviations, the 
dynamic modulation of binding site accessibility due to internal 
motions of the protein. Such motions may occur, for example, in 
proteins such as lysozyme, in which the active site cleft opens 
and closes in a stochastic manner’*”*. 

Consider the simplest case of spherical molecules with negli- 
gible interactions apart from isotropic reactivity on contact, and 
suppose that the protein reactivity is modulated by an internal 
gate that requires negligible time to open or close. Let h(t) bea 
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characteristic function describing the dynamics of the gate; 

h(t)=1 at times when the gate is open so that the protein is 

reactive, and A(t)=0 otherwise. The average binding rate, 

which would be observed in a typical kinetics experiment, is 
dC, 


“ae ~kCpCy. (1) 


where Cp(t) is the concentration in cm~* of unliganded protein 
(assumed infinitely dilute) and CË is the concentration of ligand 
(CÌ » Cp). The rate constant k is given by 


k =(4rR?kh(t)p(R, t)) (2) 


where k, is the specific rate constant when the gate is open 
(47R’k, is identical to the rate constant k in Noyes’ review’), 
pir, t)C°, is the concentration of ligand at a distance r from an 
unliganded protein at time ¢ (corresponding to the concentration 
c, in Noyes’ review’) and the brackets indicate a time average. 
The density p(r, t) is governed by the equation for diffusion to a 
sink at 7 = R, 


re] 0 
Par 2722p) Kh(n\p6(r-R) (3) 
or or i 


with a reflecting wall boundary condition at r= R; the normal- 
ization condition is that p = 1 at equilibrium, when the gates 
have been closed at all past times. If the gates are fixed in the 
open state, one obtains from equation (2) the familiar steady- 
state results’ k = ke = 4rR? k, if kp > kea; k = Kp if Kea > kp; 
and k = ko = keakpl kea t kp) in general. 

Now suppose that the internal dynamics of the proteins are 
such that when the gates open they remain open for the fixed but 
arbitrary time 7o, and when they close remain closed for times 
that are long compared with the diffusional relaxation time 
t4™ R?/D, so that p relaxes to the equilibrium density. Solution 
of equation (2) for this case yields k = K (toh (t) where 


K (10) = kat kiko ta? {2(979) 7” 
-= (Bro) ‘[1—exp(B* ro) erfe(Bro’”)}} (4) 


and B = kp'ri (kea + kp). The rate constant in this case has a 
simple physical interpretation; it is just the product of fraction of 
the time that the gate is open, (h(1)), and the average rate 


constant, K (ro), for ligand binding during a period ro starting. 


with an equilibrium density p = 1. In the limit that 7o & rg, the 
rate constant becomes k = k,,(h(t)); in the limit that ro > rg, it 
becomes k = k,.(h(t)). The last equation holds for any lifetime of 
the closed gate state. 

Situations in which the various cases described above would 
be approximately realized can be identified by considering the 
variation of the protein energy E(€) as a function of the gate 
coordinate € (compare with the hinge bending energy for 
lysozyme'*). For example, the case with closed gate lifetimes 
D Ta and To% Ta could occur if E(é) were parabolic with the 
minimum energy E =0 corresponding to a closed gate and 
energies >k,T for the open states (kgT is the product of the 
Boltzmann constant and the absolute temperature). The case 
with closed gate lifetimes > ra and ro > 7, could occur if E(¢) 
had a barrier separating stable open and closed states. 

Detailed application of these ideas to particular hinge-ben- 
ding proteins’ or other systems (for example, dynamically 
modulated channels in proteins’’ or membranes’*) will require 
generalization of the present results to allow for variable 
lifetimes of the states, anisotropic surface reactivity and other 
features of real systems. Full derivations of the present and 
generalized results will be presented elsewhere. 
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Development Award. 


0028-0836/81/390317-——-02$01.00 


Received 16 April; accepted 16 July 1981. 


1. Cantor, C. R. & Schimmel, P. R. Biophysical Chemistry Pi 3 (Freeman, San Francisco, 
1989). 

. Noyes, R. M. in Progress in Reaction Kinetics Vol. 1, Ch. 5 (Pergamon, New York, 1961). 

. Smoluchowski, M. v. Phys. Z. 17, 557-584 (1916), 

. Debye, P. Trans. electrochem. Soc. 82, 265-270 (1943). 

. Northrup, S. H. & Hynes, J. T. J. chem. Phys, 71, 871-883 (1979), 

. Deutch, J. M. & Felderhof, B. U. J. chem. Phys. 89, 1669-1671 (1973). 

. Wolynes, P. G. & McCammon, J. A. Macromolecules 10, 86-87 (1977). 

. Sole, K. & Stockmayer, W. H. J. chem. Phys. 84, 2981-2988 (1971). 

. Scheider, W. J. phys. Chem, 76, 349-361 (1972). 

10. Schmitz, K. S. & Schurr, J. M. J. phys. Cher. 76, 834-545 (1972). 

ii, Doi, M. Chem. Phys. 11, 115-121 (1975). 

12, Hil, T. L. Proc. natin. Acad. Sei. USA. 72, 4918-4922 (1975), 

13. Samson, R. & Deutch, F M. J. chem. Phys, 68, 285-290 (1978). 

id, McCammon, J. A., Gelin, B. R, Karplus, M. & Wolynes, F. G. Nature 262, 325-326 

{1976}. 

15. McCammon, J. A. & Wolynes, P. G. J. chem. Phyy. 66, 1452-1456 (1977). 

16. Ptitsyn, O. B. FEBS Lert, 93, 1-4 (i978). 

17. Beece, D. et al. Biochemistry 19, 5147-85157 (1980). 

18. Neher, E. & Stevens, C. F. A. Rev. Biophys. Bioengng 6, 345-381 (1977). 


NO OG =~ OS UA de to tu 








Low-frequency resonance Raman 
spectroscopy of the 
deoxyhaemoglobin transient 

of photolysed carboxyhaemoglobin 


M. J. Irwin* & G. H. Atkinson 


Department of Chemistry, Syracuse University, 
New York 13210, USA 





Among other methods’, resonance Raman spectroscopy is a 
particularly useful technique for the study of haem proteins 
because it monitors conformational changes that are reflected in 
vibrational degrees of freedom of the haem moiety, Its appli- 
cation to haemoglobin (Hb)*” has recently been extended by 
the development of time-resolved techniques. High frequency 
bands in time-resolved resonance Raman (TR*) spectra 
obtained with excitation into the a, B absorption bands have 
already been used to study the conformational changes of the 
haem associated with the photolytic removal of CO from 
carboxyhaemoglobin (HbCO) at 30 ps and 20 ns (ref. 7). We 
report here TR® spectra, obtained by excitation into the Soret 
absorption band, containing low-frequency bands which pro- 
vide a detailed characterization of the Hb conformation formed 
within 8 ns of the photolysis of HbCO. 

TR? spectra in the 100-450 cm™' region were generated by 
442 nm radiation (3 mJ per pulse) from a dye laser pumped by 
the third harmonic frequency of a Nd:YAG laser (Quanta Ray 
DCR and PDL system) operating at 10 Hz. Samples of stable 
deoxyHb were prepared by either extended flushing of HbO, 
with N; or by addition of a twofold excess of dithionite. HbCO 
was prepared by flushing deoxyHb samples with CO and 
sealing the sample under 1 atm CO. The samples (50 uM in 
haem) were studied in a cell spinning at 1,800 rp.m. Raman 
scattering was collected by an f/1.2 lens and focused through a 
1-m spectrograph equipped with an 1,800 groove mm holo- 
graphically ruled grating and on to a doubly intensified Vidicon 
camera (EG+G/PAR, model ISIT), Typical TR’ spectra were 
obtained with 400-um slits (10 em™' s.b.p.) and consisted of an 
accumulation of 5,000 separate laser exposures. Neon and 
krypton emission lines were used to determine the absolute 
positions of the laser line and Raman bands from which the 
frequency shifts were calculated. 

Previous workers ’* have observed that the transient species 
observed in the TR? spectra near 1,500 cm’ resembles stable 
deoxyHb, but that small frequency differences (1-6 em") 
between the transient and stable deoxyHb suggest that the haem 
core is slightly larger than in deoxyHb. It is thought that these 
frequency differences may be associated with the transition of 








*Permanent address: Department of Inorganic Chemistry, Sydney Liniversity, Sydney, 
Australia, Correspondence should be addressed to G.H.A. 
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Fig. 1 Low-frequency (100-450 cm™') region of the resonance 
Raman spectrum of deoxyHb formed chemically by the addition of 
dithionite (A) and deoxyHb formed within 8 ns of the 442 nm 
photolysis of HbCO (B). Frequency scales of both spectra are 
calibrated by krypton lines which were optically superimposed. 


Frequency positions of resonance Raman bands are given in 
Table 1. 


deoxyHb from the high oxygen affinity (R) state to the low 
oxygen affinity (T) state. 

The low-frequency spectra allow the transient to be charac- 
terized in more detail. The low-frequency (100-450 cm™') TR? 
spectra obtained with pulsed (8 ns) excitation of the deoxyHb 
transient formed immediately after the removal of CO from 
HbCO is shown in Fig. 1 and the frequency positions of these 
bands are given in Table 1. The appearance of the 225+2cm™ 
band in the TR? spectrum represents a shift of 11 cm” ' from the 
214+2cm™ band seen in the pulsed resonance Raman spec- 
trum of chemically stabilized deoxyHb (Table 1). The positions 
of these bands correlate well with the frequencies observed for 
the R (221 cm”) and T (215 cm”) forms of chemically stabil- 
ized deoxyHb by Kitagawa and co-workers’. 

Other aspects of the low-frequency TR? spectrum caution 
against an exact identification of the transient species with 
chemically stabilized (R)-deoxyHb: (1) the 225+2cm™' band 
lies about 4 cm™ higher in frequency than the 221 cm™ obser- 
ved in chemically stabilized (R)-deoxyHb. (2) The 303 cm™' 
band which has the same frequency in chemically stabilized 


DODOSO 

Table 1 Frequency positions (cm~ *) of resonance Raman bands in the 

pulsed resonance Raman (PRR), c.w. and time-resolved resonance 
Raman (TR*) spectra of deoxyhaemoglobin 


eee pune r rnia eea 


Hb? (T)-Hb§ HbCo' = (R)-Hb§ 
Band PRRi cW. Band* TR*t cw. 
a 214+2 215 a’ 22542 221 
b 30142 302 b' 306+2 302 
c 340+2 341 a _ 341 
d 364+1 366 d 36521 366 
e 40342 404 e' 4032 404 


O 
Deoxyhaemoglobin was prepared either in a chemically stable form or 
by photolysis of HbCO. The frequency of laser excitation (c.w. and 
pulsed) was 442 nm. Samples were between 0.05 mM (this work) and 
(1 mM (ref. 6)} in haem and were examined at room temperature. 
*See Fig. 1. 
+Chemically stabilized by addition of dithionite (see text and Fig. la). 
This work. 
§Chemically stabilized’. 
[Prepared by Na purging and examined under an atmosphere of CO. 


samples of (R)- and (T)-deoxyHb appears at 306+cm™ in the 
TR?’ spectrum. (3) The 341 cm™ band, although a weak feature 
in both the (R)- and (T)-deoxyHb spectrum, is not seen at all in 
the TR? spectrum. (4) A general broadening of the low- 
frequency TR? bands is observed. 

These differences may be attributable to any one, or to a 
combination of three factors. First, the resonance Raman spec- 
tra of (R)- and (T)-deoxyHb have been recorded only for 
chemically stabilized forms, the preparation of which involves 
chemical modification of the protein. As a result, these chemic- 
ally formed models of (R)- and (T)-deoxyHb may not be exact 
representations of the deoxyHb formed photolytically. Second, 
the. photolytically generated (R)-deoxyHb may be a modified 
form of the chemically stabilized (R)-deoxyHb to which it is 
converted at times longer than 8 ns. TR? spectra over longer 
reaction times should measure such a conformational trans- 
formation. Third, the TR? spectrum may contain contributions 
from excited electronic states of deoxyHb. The TR* spectra of 
excited electronic states exhibit both frequency shifts and line 
broadening relative to the ground electronic state and have been 
observed in many different molecular systems in similar 
experimental conditions to those used here™'®*, The importance 
of excited electronic states to transient absorption spectra 
measured in the HbCO system has been suggested previously’ ’. 

Qualitatively, the spectra suggest that the transient resembles 
(R)-deoxyHb. The band in the 220 cm™' region has been cor- 
related with the Fe(11I)-N, (His F8) bond? and the high 
frequency of this band in the spectrum of the transient is 
evidence for a compressed Fe(11)-N, (His F8) bond. This would 
arise from either an expansion of the Fe electron cloud and/or 
movement of the iron towards the histidine in times less than 
8 ns, with movement of the histidine-containing protein chain 
occurring on a longer time scale. 

This research was supported by grants from the NSF and NIH. 
The award of a University of Sydney research travel grant to 
M.J.1. is also acknowledged. 
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Corrigenda 

In the letter ‘Stringency without ppGpp accumulation’ by 
A. Spodaro et al., Nature 291, 256-258, line 5 in paragraph 6 
should read ‘present in TA1001 is caused by the AisT mutation, 
although it is possible that strain TA1001 harbours one or more 
additional mutations’. 


In the matters arising item ‘Expression of herpesvirus-induced 
antigens in human cervical cancer’ by C. C. Smith er al., Nature 
292, 388-389, the authors in ref. 13 should read ‘Smith, C. C., 
Aurelian, L., Cohen, G. H. & Eisenberg, R.’. 


In the letter ‘Thermoproteales—-a third order of thermoacido- 
philic archaebacteria’ by W. Zillig et al., Nature 293, 85-86, the 
journal cited in refs 17 and 20 should read ‘Zentbl, Bakt. Hyg., I. 
Abt. Orig. Cl,’ and the journal in ref, 21 is C2 of that series. The 
volume number for ref. 25 should read 41. 
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DURING the past decade the major thrust in 
Quaternary research has been directed 
towards an investigation of oceanic 
deposits, and from such work a definitive 
stratigraphic framework for the entire 
period has emerged. At the same time, 
attempts have been made to correlate 
continental events with this unique 
actualistic yardstick. Hitherto only blessed 
with varying degrees of success, the 
outstanding ‘exception has been the 
CLIMAP reconstruction of the Earth’s 
surface 18,000 years ago. An essential 
element in this was an estimation of the 
extent and dimensions of the ice-sheets — 
an input made by some of the contributors 
to The Last Great Ice Sheets, But although 
the original aim was to reconstruct the ice- 
sheets in three dimensions as a prelude to 
numerical modelling of the contemporary 
atmosphere, this had to be modified due to 
progressive realization that the extent and 
palaeoglaciology of those ice-sheets was 
imperfectly known. 

In this handsomely produced collection 
of essays, complete in a case with folding 
maps, we have an attempt at understanding 
the basic parameters of the ice-sheets, 
divided into three general sections: Bjorn 
Andersen and others discuss the timing and 
maximum extent of ice-sheets and valley 
glaciers; Hollin, Schilling and Hughes 
employ numerical models for estimating 
ice-sheet and valley glacier elevations; and 
Denton, Hughes, Stuiver and others 
attempt reconstructions of ice extent and 
dimension between 21,000 and 17,000 
years ago. 

Before any such reconstruction can be 
made, the maximum extent and flow lines 
of the ice must be established. Unfor- 
tunately good stratigraphic control is rarely 
available, geomorphic features are often 
equivocal and too often the sole arbiter for 
control is radiocarbon dating — frequently 
of organic materials incorporated into 
glacial deposits. Furthermore, virtually no 
dates exist for the critical period between 
35,000 and 12,000 years ago on the 
northern margins of the ice-sheets. 
Together, these factors have engendered an 
uncertainty, which has led to a major 
divergence of opinion as to the extent and 
timing of the maximum ice-cover in the far 
north. l 

What can be called the ‘‘minimum extent 
school’’ of thought maintains that 
northern and southern limits of the ice- 
sheets were out of phase: the southern 
maximum being attained 21,000 to 17,000 
years ago, the northern maximum during 





The Last Great Ice Sheets. 


D.Q. Bowen 


Edited by 
George H. Denton and Terence J. Hughes. 
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(Wiley: 1981.) £70.20, $126.35. 


the late-Glacial or even during the early 


post-Glacial, a lack of synchronism attri- 
buted to a late availability of precipitation 
as the oceanic polar front migrated 
northwards at the end of the glacial stage. 
On the other hand, the ‘‘maximum extent 
school’’, heavily hall-marked in this book, 
argue that both northern and southern 
limits were synchronous and that a unified 
northern ice-complex behaved as a single 
dynamic entity. This view derives from 
Antarctic perspectives, notably from 
Denton and Hughes, the editors of this 
volume, who have worked extensively in 
the far south. It could, of course, be argued 
that theirs is a proper uniformitarian view. 
Yet, the Antarctic ice-sheet is polar, 
whereas ice-sheets of the Northern 
Hemisphere were primarily mid- and 
higher-latitude ones, for which, moreover, 
no analogue exists today. Furthermore, the 
Antarctic model relates very largely to the 
unstable West Antarctic ice-sheet with its 
fringe of floating ice-shelves. 

The inferred sequence presented in the 
book is both novel and challenging: 
grounded ice-sheets would form on 
shallow continental shelves and inland 
Arctic seas, especially when surrounded by 
protective islands as in the Kara and 
Barents Seas and Queen Elizabeth Islands. 
Rapid ice-thickening would create ice- 
domes, the nuclei of marine ice-sheets. 
Beyond these, ice-shelves would buttress 
the inherently unstable ice-domes, and 
would link the North American and 
Eurasian Arctic ice masses. During 
deglaciation a rising sea-level would free 
ice-shelves from bedrock underpinning 
points. Because they would no longer 
buttress the ice-domes, collapse of the 
domes by downdrawing followed, glacier 
surging Occurring along troughs leading to 
calving bays. 

But is the Antarctic perspective appli- 
cable to the Northern Hemisphere? Did 
marine ice-sheets actually exist? Not 
according to those who work in the 
Canadian Arctic and Spitsbergen who are 
intractably opposed to these views. And 
here it must be said that Western geologists 
have not had sufficient opportunity to 
examine cores from the Kara and Barents 
Seas, pronounced to be glacial deposits by 
their Soviet counterparts: they could yet 
turn out to be glacio-marine and not 
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glacial. It could also be argued that i 
sheets as large and thick as those regi 
by the “maximum extent school’ wo oe 
not have responded as swiftly to climatic = 
changes as a now increasing volume of 
geological evidence shows they did. | | 

The Antarctic paradigm for northern — 
ice-sheets is topical, innovative and above 
all a major challenge. It may already have 
some relevance in areas such as the coast of 
Maine, or possibly the Irish Sea. But the 
outlook is one of intensified debate 
between the two schools of thought, with 
the burden of proef leaning on those who. 
subscribe to what even the editors 
themselves call an ‘‘outrageous 
hypothesis’’. E 


D.Q. Bowen is Reader in Geography at The 
University College of Wales, Aberystwyth, and 
is Immediate Past President of The Quaternary 
Research Association, 
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UNCHARITABLE proponents of the 
‘“important question’’ approach to 
research are apt to point out that electrical 
activity is not the function of gland cells, 
One might retort that neither is it the 
function of motor axons nor of muscle 
fibres, but this has not prevented electrical 
studies providing major insights into the 
motor system. That line of defence is, 
however, unnecessary for this admirable 
monograph which has a title more restric- 
tive than its subject matter, True, it records |. 
and analyses the substantial efforts that 


have been made over the past ten years or 
so to understand ihe electrical properties ~~ 


and activity of gland cells, but at every turn 
an attempt is mace to relate electrical to 
secretory activity. The illustrations are not 
confined to circuit diagrams and records of 
voltage and curren:, but include records of 
flow and of ion cencentrations, and elec- 
tron micrographs. 

The diversity of approach is matched by 
the diversity of material: pancreas, liver, 
adrenal medulla and ‘Pituitar y of 
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mammals, and salivary glands of 
mammals, insects and molluscs. For good 
measure there are also at least mentions of 
the adrenal cortex, the thyroid and the 
parathyroid. All this is within the compass 
of a mere 250 pages, achieved not by 
omission but by virtue of the author’s 
enviably direct style. 

The approach wherever possible is 
quantitative and starts from the premise 
that things may not be nearly so compli- 
cated as they might seem at first sight. ‘‘It 
would be easy to dwell on the great 
diversity of electrophysiological patterns 
observed in different gland cells, but it may 
be more profitable to point out the many 
similarities’’ is how the last, integrative, 
chapter begins. It is one of the few asides 
the author permits himself, and it conveys 
the spirit which informs most of the pre- 
ceding text: above all, no mystification. 

In so far as electrophysiology in its strict 
sense is concerned, the author’s message is 
the following. In cells which are not 
‘‘excitable’’, mainly vertebrate and insect 
exocrine cells, changes in membrane 
potential are contingent on, rather than 
necessary to secretion. For the experi- 
mentalist they serve the useful purpose of 
signalling the increase in ionic conductance 
which is essential to load the cell through 
the basal membrane. Recent investi- 
gations, particularly those of the author 
and his colleague Iwatsuki, have provided 
strong support for the idea that the 
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conductance changes brought about by 
secretagogues are secondary to an increase 
in cytosolic calcium. On the other hand, in 
vertebrate endocrine cells and some 
molluscan exocrine cells, which are 
excitable, action potentials may perform 
an essential role in opening voltage- 
sensitive ion channels, particularly to 
calcium. The evidence bearing on these 
hypotheses is assembled with great 
economy, missing links are underlined and 
for the faint-hearted each of the 14 
chapters has a short, lucid summary. 

The electrophysiology of secretion is 
deemed to have been discovered in 1857 by 
de Bois Reymond. Since then, until 
recently, progress was unremarkable. 
Schäfer’s textbook of physiology of 1898 
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devotes about a page to the subject, pride 
of place being given to the work of Bayliss 
and Bradford on the salivary gland. More 
than 50 years later in the eleventh edition of 
Starling’s textbook of physiology the 
subject rates only a short paragraph and | 
the same papers are cited. Ten years later 
the thirteenth edition has no trace of the 
subject. If this monograph does not 
persuade teachers of physiology to pay 
some attention to current work on 
secretion, nothing will. For those who 
work in the field, it need hardly be said that 
the book is indispensable. [ 


B.L. Ginsborg is a Professor in the Department 
of Pharmacology at the University of 
Edinburgh. 


The questions of what and where to eat 


N.B. Davies 


Foraging Behavior: Ecological, 
Ethological and Psychological 
Approaches. Edited by Alan C. Kamil and 
Theodore D. Sargent. Pp.534. ISBN 
0-8240-7068-2. (Garland STPM Press: 
1981.) $52.50. 


ALL predators, whether lions chasing 
gazelle on the African plains or birds 
looking for berries in a back garden, must 
make decisions — where to hunt, which 
prey to select, when to move on to a new 
feeding area and so on. Ethologists have 
been interested in the costs and benefits 
associated with these decisions and how 
they influence survival and reproductive 
success, while psychologists have been 
more concerned with the mechanisms that 
underlie the behaviour, for example 
motivational and learning rules. Based on 
an Animal Behaviour Society meeting in 
Seattle, Washington, this collection of 
essays is a stimulating summary of the 
recent advances in these approaches. 

The book is divided into four sections, 
each with an introduction by the editors. 
The first considers optimal foraging theory 


| which is an attempt to predict which 
, particular trade-off between costs and 


benefits will give the maximum net benefit 
to the individual. Krebs, Houston and 
Charnov give a good review of the models 
and show the generality of simple decision 
rules. Subsequent chapters show that the 
same model can be used to predict how long 
a bee (Pyke, Waddington, Heinrich) or 
hummingbird (Gass, Montgomerie) 
should remain at a flower before moving 
on to the next one, how many prey a parent 
bird should carry back to the nest (Orians) 
and for how long a male dungfly should 
copulate, because all of these decisions 
involve the exploitation of a depleting 
resource. 

In the second section, several field 
studies emphasize the complexity of 


foraging behaviour in nature. For 
example, it is clear that predictions based 
solely on energy maximization do not 
describe prey choice in protozoa 
(Rapport), wading birds (Goss-Custard) or 
monkeys (Glander) because all need a 
critical balance of nutrients in their diet. 
Another complication, shown clearly in the 
chapter on sanderling territories by Myers, 
Connors and Pitelka, is that decision rules 
may be determined by long-term advantage 
rather than immediate gain. 

Predators presumably do not work out 
mathematical equations to decide how to 
forage, and Section 3 examines some of the 
simple rules they may use to achieve the 
optimal behaviour. Pulliam shows that a 
learning rule, known as the ‘‘matching 
law’’, derived from psychological 
experiments, makes good functional sense 
as it maximizes the rate of food intake. 
Pietrewicz and Kamil describe some 
elegant experiments on how birds 
recognize moths and relate their findings to 
the evolution of crypsis by the prey 
(Sargent). The final section on the genetic 
basis of foraging behaviour includes an 
excellent chapter by Arnold on prey 
recognition by garter snakes. 

Several authors, Zach and Smith, for 
example, suggest that nature is much too 
complex for simple models to be of any use. 
This seems an unnecessarily pessimistic 
point of view. Not only does the rejection 
of simple models often lead to a better 
understanding of behaviour, but it is also 
possible that what looks like very 
complicated behaviour will after all turn 
out to involve simple decisions once the 
field worker has understood properly the 
natural history of his animal and its 
environment. | 





N.B. Davies is Demonstrator in Zoology at the 
University of Cambridge and a Fellow of 
Pembroke College. 
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Almost everything you wanted to know about chromosomes 


R.A. Laskey 


Eucaryotic Chromosomes. Gene 
Expression, Vol.2, 2nd Edn. By Benjamin 
Lewin. Pp.1,160. ISBN pbk 0-471-01977-1; 
ISBN hbk 0-471-01976-3. (Wiley: 1981.) Hbk 
£33.70, $60.65; pbk £13.25, $29. 
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THE AMOUNT Of literature on cell biology is 
exploding at a frightening rate, so do we 
need this massive book? Not only is the 
answer yes, but I believe that this is the 
most valuable block of eleven hundred 
pages in the current cell biology literature. 
A vast amount of recent information has 
been selected, digested and evaluated to 
produce a unique analysis of this rapidly 
expanding field. 

The contents provide an accurate 
account of research on the eukaryotic 
chromosome up to the end of 1979. New 
discoveries in the six years between the first 
and second editions included the nucleo- 
some subunits of chromatin and inter- 
vening sequences interrupting genes. These 
alone would justify a second edition, but a 
mass of detailed information on genome 
structure and organization has also 
emerged as a result of advances in recom- 
binant DNA technology and DNA 
sequencing techniques. Therefore, 


essentially a new book, being over twice the 
length of its predecessor. 

The first part deals with cell structure 
and genetics. Surprisingly for a book 
entitled Eucaryotic Chromosomes, the first 
70 pages provide a discussion of the 
cytoskeleton. However this unexpected 
bonus is a good introduction to the mitotic 
and meiotic apparatus, which are also dis- 
cussed in this part together with the cell 
cycle and cell fusion studies. Part 2 deals 
with the organization of the genetic 
apparatus, concentrating on structure of 
chromatin and chromosomes. Part 3 
covers genome organization, and here 
there is a sad reflection of the state of work 
on eukaryotic DNA replication which 
takes up only 13 pages, while in contrast the 
next chapter on organelle genomes 
occupies 55 pages. The final part is an 
account of the expression of genetic 
information and this section provides fre- 
quent illustrations of the book’s principal 
strength, namely that it is not just a 
catalogue, but that it provides a level of 
critical discussion expected of a specialist 
review. Sustaining this penetrating 
standard of analysis for more than 900 
pages of text is a remarkable achievement. 
The cautious judgements of controversial 
issues will ensure that the book remains 
valuable for many years, even though the 
subject matter continues to evolve rapidly. 
Unfortunately, however, the continued 
caution and criticism sometimes distract 
from the main thrust of the book. 

The problem of extracting principal 
messages and key concepts from such a 
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this. 
new edition is not just a minor revision but, 







detailed ç iscussion could be overcome by 
providing summary or conclusion sections. 

The final few pages of the book go some 
way towards this objective, but I feel that a 
work of this size would benefit greatly from 
a summary of the key points from each 
chapter. Because it is difficult to obtain 
clear overviews of the subject from the 
book, I would not recommend it for a 
novice student whose interest in the field 
has not been aroused already; its scope and 
scale could be simply overwhelming. | 
believe the most serious fault of the book is 
this lack of contrast. Apart from the 
addition of summaries, a more frequent 
use of diagrams to illustrate key concepts 
might also improve the emphasis. That 
said, the diagrams which are provided are 
effective, as are the tables which condense 
large amounts of information into a readily 
digestible form. The few photographs are 
also well chosen to provide appropriate 
illustration of structures. 

Perhaps the most striking demonstration 
of the scope of this remarkable book is the 
169 pages of references. Almost 4,000 
papers are cited, making this an unusually 


valuable bibliographical source. Despite 
the large number of references cited they 
cause surprisingly little disruption to the 
text which remains fluent. Even more 
extraordinary is the fact that this is only 
one of the three volumes which comprise 
Gene Expression by this author; the other 
two deal with bacterial genomes (VoL D-o ~ 
and plasmids and phages (Vol.3) 

A potential flaw in a book which 
attempts such detailed coverage of such a 
wide field is factual error. However the 
author has maintained a high level of 
accuracy. The only faults of this nature | 
could find while reading the entire book 
were, minor errors of detail rather than 
those of major facts or principles. 

Although I would not recommend this 
book as an introduction to the subject, | 
feel that it is simply the best specialized 
discussion of the field that | have seen and | 
would recommend it enthusiastically to 
advanced students, teachers and 


researchers, a 
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R.A. Laskey isa member of the Scientific Staff 
of the MRC Laboratory of Molecuiar Biology, 
Cambridge. 


Theories of conduction in organic solids 


Martin R. Willis 


Electrical Transport in Solids. By Kwan C. 
Kao and Wei Hwang. Pp.663. ISBN 
0-08-023973-0. (Pergamon: 1981.) £50, 
$120. 


ORGANIC solids exhibit the full range of 
electrical behaviour; they may be excellent 
insulators or superconductors. The 
polycyclic aromatic hydrocarbons, of 
which anthracene is typical, have been the 
most fully characterized and extensively 
studied, and are possibly the most fully 
understood. These materials are high-gap 
semiconductors or insulators, and band 
theory has been widely used for the inter- 
pretation of results. But since its appli- 
cability to materials with such narrow 
bands and low mobilities is questionable, 
other approaches such as hopping, tunnell- 
ing and polaron conduction have been 
applied. 

The authors of this book have 
performed a valuable service by bringing 
together in a coherent form many of the 
theories applicable to conduction in 
organic solids, particularly polycyclic 
hydrocarbons. Much of the theory, par- 
ticularly band theory, trapping, carrier 
injection and space charge limited 
currents, was originally derived for 
inorganic systems, but the limitations in its 
application to organic solids are stressed 
and numerous experimental results are 
quoted for such materials. Other theories, 


such as aspects of the exciton theory of 
photo-carrier generation were developed 
specially for molecular crystals. For those 
interested in solar energy conversion there 
is a section on photo-voltaic effects. The 
coverage is even greater than appears from 
the index, for Seebeck and Peltier effects 
are not listed but are well covered in the 
text. 

A particularly helpful feature of the 
book is the presentation of such diverse 
theories using a common set of symbols, | 
clearly defined at the beginning of the text, 
and mainly in SI units. Experimental 
results are, however, quoted as originally 
published and hence are mainly in cge 
units, Energies are in electron volts, in line 
with current practice, but it is confusing 
that activation energy for conduction is 
defined in such a way as to make it equal to 
the band gap of an intrinsic semi- 
conductor, in preference to the usual 
definition based on the Arrhenius 
equation. 

Taken overall, this is an extremely 
welcome addition to the literature of the 
organic solid state and there will be few 
workers in the field who will not want a 
copy on their shelves, or at least in the 
library of their institution. 
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Martin R. Willis is Reader in Physical Chemistry 
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Awards 


The Royal Society has awarded the three 
Royal Medals for 1981 to: Sir Geoffrey 


Wilkinson, for his contributions to prepar- 


ative inorganic chemistry and in particular 
to the synthesis and application of organo- 
metallic compounds; Dr Marthe L. Vogt, 
for her contributions to synaptic bio- 
chemistry and pharmacology and to laying 
the basis of modern neuropharmacology; 
Dr R. Riley, for his contributions to under- 
standing the genetics of wheat and the 
development of new methods of producing 
improved varieties. 


The Council of the Royal Society has 
awarded the Esso Energy Award for 1981 
to Dr B. Linnhoff for his approach to the 
design of heat exchanger networks used in 
industry, leading to substantial savings in 
energy use. 


Dr Eric J. Chaisson (Harvard University 
and Harvard-Smithsonian Center for 
Astrophysics in Cambridge, Massachu- 
setts), is the 198] winner of the American 
Institute of Physics~United States Steel 
Foundation Science- Writing Award for his 
book, Cosmic Dawn: The Origins of 
Matter and Life. 


The Association for Radiation Research 
has presented Weiss Medals to Dr E.J. 
Land (Paterson Laboratories, Christie 
Hospital) and Dr A.J. Swallow (Holt 
Radium Institute, Manchester) for their 


work in the application of fast-reaction 


techniques in radiation science, especially 
in areas of biological interest. 


The Marconi International Fellowship is 
awarded to a man or woman whose career 
is characterized by originality in science 
and technology and by concern for human 
welfare. Nominations from universities, 
industries, learned societies and academies 
of all countries, as well as from individuals 
in science, industry and public life should 
be submitted by 15 April 1982 for the Ninth 
Marconi Fellowship to: Marconi Inter- 
national Fellowship Council, Aspen 
Institute for Humanistic Studies, 1229 
University Avenue, Boulder, Colorado 
80302, USA. 


The Carbohydrate Chemistry Award 
sponsored by Tate and Lyle Ltd will be 
made to the member of the Royal Society 
of Chemistry who shall have published 
during 1980 and in the preceding five years, 
the most meritorious contributions to the 
knowledge of any aspect of carbohydrate 
chemistry. The recipient must be under 36 
years of age and a citizen of the United 
Kingdom; the major part of the relevant 
scientific contributions must have been 
carried out and published in the United 
Kingdom. Applications to S.S. Langer, 
The Royal Society of Chemistry, 
Burlington House, London W1, UK by 31 
October 1981. 


The Harrison Memorial Prize will be 
awarded to the chemist, a natural-born 
British subject under 30 years of age, who 
in the five years ending 1 December 1981, 
has conducted the most meritorious 
promising original investigations in 
chemistry and published the results of 
those investigations in a scientific 
periodical or periodicals. Applications to 
the Local Activities Officer of the Royal 
Society of Chemistry, Burlington House, 
Piccadilly, London W1, UK by 31 
December 1981. 


The Corday-Morgan Medal and Prize will 
be made in respect of the year 1980 to 
chemists of British nationality under the 
age of 37 who have published during 1980 
and in the preceding five years, the most 
meritorious contributions to experimental 
chemistry in their respective fields. Appli- 
cations by 31 December 1981 to The Royal 
Society of Chemistry, Burlington House, 
London W1, UK. 


If you work in a university outside the UK, 
or in a polytechnic, college or school 
anywhere and your work is held up for lack 
of modest funding, the Research Fund of 
the Royal Society of Chemistry may be able 
to help you. Applications to Mrs E.S. 
Wellingham, The Royal Society of 
Chemistry, Burlington House, London 
W1, UK by I November 1981. 


Appointments 


Professor J.1.G. Cadogan, chief scientist, 
British Petroleum Company, has been 
appointed as President-elect of the Royal 
Society of Chemistry at the Annual 
General Meeting of the Society. 


Dr Richard P. Novick, a pioneer inves- 
tigator in the field of plasmids and recom- 
binant DNA (gene splicing), is the new 
Director of the Public Health Research 
Institute of the City of New York. 


Ephraim P. Engleman, MD, a world 
authority on arthritis and its related 
diseases, has been elected president of the 


International League Against Rheumatism: 


(ILAR). He is director of the Rosalind 
Russell Medical Research Center for 
Arthritis at UC-San Francisco, and will be 
the first US president in 30 years. 


Dr Richard A. Anthes has been appointed 
director of the Atmospheric Analysis and 
Prediction Division of the National Center 
for Atmospheric Research (NCAR) in 
Boulder, Colorado. 


Professor S. Desmond Smith, head of the 
Department of Physics at Heriot-Watt 
University since 1970, has been appointed 
Dean of the Faculty of Science in the 
University from 1 October 1981, for three 
years. 


Meetings 


12 October, Mutagenicity Testing, London 
(Mr M.L. Richerdson, c/o Mr E.A., 
Taylor, The Royal Society of Chemistry, 
Burlington Houss, Piccadilly, London 
W1, UK). | 
18-23 October, Liquid Scintillatien 
Counting in Biology and Medicine, Wood 
Hole (M.D. Maser, Marine Biologi 
Laboratory, Woods Hole, Massachusetts 
02543, USA). Ae 






25-29 October, Chlorinated Dioxins and 
Related Compourds, Arlington (Dr RE- 
Tucker, Dioxin Incernational Symposium, 


PO Box 209, Roceville, Maryland 20880, 
USA). 


27-28 October, Maisture Measurementsin 


Solids and Gases, Chislehurst (Šira 
Institute Lid, Seuth Hil, Chislehurst, 
Kent, UK). 

28-30 October, Aging Brain and. Ergot 
Alkaloids, Rome “Dr A. Bosio; Dept of 
Pharmacology, University of Milan, Via 
Vanviteli 32, 2012% Milano, Italy). i 
30 October — 3 November, Critical Issues 


in Psychiatry for tae 80's, New York Ciy- : 


(Meetings Management Dept, American 
Psychiatric Association, 1700 18th Street, 
NW Washington BC 20009, USA). 

1-6 November, Protein Analysis by 


Polacrylamide Gel Electrophoresis, fe 


Woods Hole, M.D. Maser, Marine 
Biological Laboratory, Woods Hole, 
Massachusetts 02543, USA). 

3~5 November, Lite Science °81, New York 
City (D. Komar, Show Coordinator, 17 
Washington Street, Norwalk, Connecticut 
06901, USA). 

4 November, Ammal Welfare in Agri 
culture, London (institute of Biology, 41 
Queen’s Gate, London SW7, UK). 

9-11 November Microbiology and 
Toxicology, Bristcl (Society of Cosmetic 
Scientists, 56 Kingsway, London WC2, 
UK). 

9-13 November, international Scientific 
Forum on Changes in Energy, Mexico City 
(University of Miami, Center for > 
Theoretical Studies, PO Box 243055, Coral — 
Gables, Florida 33124, USA). 

10-13 November, Magnetism and 
Magnetic Materials, Atlanta (Dr H.C. 
Wolfe, American institute of Physics, 335 
East 45th Street, New York, New York 
10017, USA). 

15-20 November Biological Electron 
Microscopy for Technicians, Woods Hole 
(M.D. Maser, Marine Biological Labor- 
atory, Woods Hole, Massachusetts 02543, 
USA). 

16 November, Exvironment of Venus, 
Palo Alto (C. Redmond, NASA, 
Washington DC 26546, USA). 

25-27 November, The Chemistry of the 
Eighties, Barcelona (2nd Mediterranean 
Congress of Chemical Engineering, 
EXPOQUIMIA-8 , Plaza de Espana, 
Barcelona-4, Spain. 


retention a a enhememvensannsseeritrcniemanna-eentietiuetdhielttes iets. 





















r Laboratories, Risley (The pene 
aniser, Laboratory of the Government 
mist, Room 564A, Cornwall House, 
amford Street, London SE1, UK). 

6-11 December, Small Computers in 
Biomedical Research, Woods Hole (M.D. 
aser, Marine Biological Laboratory, 
Woods Hole, Massachusetts 02543, USA). 
15—17 December, Pharmaceutical 
Technology and Product Manufacture, 
Paris (Powder Advisory Centre, PO Box 
78, London NW11, UK). 

15-18 December, Workshop for Biologists 
in the Water Industry, Cardiff (Mrs P 
- Davies, WRC Process Engineering, Elder 
__. Way, Stevenage, Herts, UK). 

= 6-7 January 1982, Thermal and Mech- 
—anical Properties of Polymers, 
Birmingham (Dr J.N. Hay, Dept of 
=< Chemistry, The University of Birmingham, 
_ PO Box 363, Birmingham, UK). 

25 January — 5 February, Immuno- 
_ chemistry Today, London (School Office 
(SSC), Royal Postgraduate Medical 
_. School, Du Cane Road, London W1, UK). 
_ 9-11 February, Non-invasive Studies of 
_ Body Chemistry, Santa Monica (Dr W. 
= Wolf, c/o Intrascience Research 
_ Foundation, PO Box 18589, Los Angeles, 
_ California 90018, USA). 

_ 15-17 February, Hybridoma Research, 
_ Los Angeles (Edward Ruffing, c/o 
- Scherago Associates Inc., 1515 Broadway, 
_ New York, New York 10036, USA). 

_ 16-19 February, Ocean Sciences, San 
_. Antonio (American Geophysical Union, 
2000 Florida Ave, NW Washington DC 
20009, USA). 

_ 23-25 February, Technical Aspects of 
_ Legal/Regulatory Pressures on the 
_ Pharmaceutical Industry, Jerusalem 
_ (Powder Advisory Centre, PO Box 78, 
_ London NW11, UK). 

7-13 March, European Winter Conference 
_ on Brain Research, French Alps (Dr S. 
- Nicolaidis, College de France, 11 Place 
_ Marcelin-Berthelot, 75231 Paris Cedex 05, 
_. France). 

_ 25~27 March, Neuroscience, Valencia (Dr 
= C. Guerri, Instituto de Investigaciones 
_-Citologicas de la Caja de Ahorros de 
_. Valencia, Amadeo de Saboya, 4, Valencia 

10, Spain). 

29 March-1 April, Acoustics °82, Surrey 
(Institute of Acoustics, 25 Chambers St, 
Edinburgh, UK). 

30 March-1 April, Dielectric Properties of 
Molecular Liquids and Biological Systems, 
Ci . 






























2 ” March-2 April, Annual Chemical 
Congress of the Royal Society of 
Chemistry, Aston (Dr John F. Gibson, The 

< Royal Society of Chemistry, Burlington 

= House, London W1, UK). 

14-15 April, Risk Cost and Pollution, 

© Oxford (Mr L. Evans, Harwell Education 

— and Training Centre, Harwell Laboratory, 

= Oxon, UK). 





i - Apr e” 
on Stereochemistry, 





Buigenstock (Prof. 
Dr R. Huisgen, Institut für Organische 
Chemie, Universitat München, Karlstr. 23, 
D-8000 Miinchen, FRG). 

25-29 April, Cell Function and Differenti- 
ation, Athens (Special FEBS Meeting 1982, 
N.R.C. Demokritos, Dept of Biology, 
Aghia Paraskevi, Attikis, Greece). 

26-28 April, Application of Behavioural 
Pharmacology in Toxicology, Capri (V. 
Cuoma, Institute of Pharmacology, 
Universtiy of Bari, Piazza G. Cesare 
Policlinico, 70124 Bari, Italy). 

3-5 May, Mining and Metallurgy 
Congress, Johannesburg (Congress 
Manager, PO Box 809, Johannesburg, 
South Africa 2000). 

4 May, International Symposium on Crop 
Protection, Gent (Secretary, Faculteit vam 
de Landbowwetenschappen, Coupure 
Links 533, B-9000 Gent, Belgium). 

10-14 May, 52nd ANZAAS, New South 
Wales (Prof. F.L. Miltthorpe, Macquarie 
University, North Ryde, New South Wales 
2113, Australia). 

11-14 May, Cryogenic Engineering Con- 
ference, Japan (ICEC9~ICMC 
Secretariat, c/o Industrial Research 
Institute, Japan 2-1-7 Shinkawa, Chuo-ku, 
Tokyo 104, Japan). 

18-21 May, Prostaglandins, Florence 
(Fondazione Giovanni Lorenzini, Via 
Monte Napoleone, 23. 20121 Milan, Italy). 
16-20 May, Animal Counterparts of 
Human Disease, Philadelphia (T. 
Mullarkey, Philadelphia, Pennsylvania 
19104, USA). 

24-28 May, Immunocytochemistry and its 
Application in Brain Research, 
Amsterdam (Dr F.W. Van Leeuwen, 
Netherlands Institute for Brain Research, 
Ijdijk 28, 1095 KJ Amsterdam, The 
Netherlands). 

6~11 June, Synthesis and Applications of 
Isotopically Labeled Compounds, Kansas 
City (Dr A. Susan, c/o Midwest Research 
Institute, 425 Volker Boulevard, Kansas 
City, Missouri 64110, USA). 

7-11 June, Tunnelling 82, Brighton (Insti- 
tution of Mining and Metallurgy, 44 
Portland Place, London W1, UK). 

8~11 June, Defined Immunofluorescence 
Immunoenzyme Studies and Related 
Labeling Techniques, New York (Dr E. 
Beutner, State University of New York, 
School of Medicine, 219 Sherman Hall, 
Buffalo, New York 14214, USA). 

14-18 June, Reliability in Electrical and 
Electronic Components and Systems, 
Copenhagen (The Conference Office, 
DIEU Danish Engineers’, Post Graduate 
Insititute, The Technical University of 
Denmark, Bldg 208, DK-2800 Lyngby, 
Denmark). 

14-18 June, Atherosclerosis, Berlin (Prof. 
Dr G. Schlierf, c/o Medizineische Univer- 
sitatsklink, Bergheimer Str. 58, D6900 
Heidelberg, FRG. 

21-23 June, Chromatography and Mass 
Spectrometry in Biomedical Sciences, 
Bordighera (Dr A. Frigerio, c/o Istituto di 
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Ricerche Se ‘Mario Negri’, 
Via Eritrea, 62-0157 Milan, Italy). 

22-30 June, Chemistry of Solid/Liquid 
Interfaces, Dubrovnik (Dr V. Pravdic, 
Rudjer Boskovic Institute, PO Box 1016, 
YU 41001 Zagreb, Yugoslavia). 

27 June — 2 July, Darwin Centenary 
Conference, Cambridge (Dr D.H. Mellor, 
Darwin College, Cambridge, UK). 

28 June — 3 July, Mathematics at the 
Service of Man, Las Palmas (S.W.C., M, 
Ultramar Express 5.A., Diputacion, 238, 
Barcelona-7, Spain). 

28-30 June, Pathological Anatomy and 
Cytology, Copenhagen (NOPAC °82) 
Secretariat, Ibsttiutterne, Frederik den V’s 
veg, 2100 Copenhagen 9, Denmark). 

4-9 July, General Relativity and Gravi- 
tation, Venice (Prof. F. de Felice, GR10 — 
Istituto di Fisica ‘‘G. Galilei’, University 
of Padua, Via Marzola, 8, 35100 Padova, 
Italy). 

5-9 July, Mechanisms of Reactions in 
Solution, Canterbury (Dr J.F. Gibson, The 
Royal Society of Chemistry, Burlington 
House, London W1, UK). 

6-9 July, Inorganic Stereochemistry, 
Reading (Dr J.F. Gibson, The Royal 
Society of Chemistry, Burlington House, 
London W1, UK). 

12-14 July, Chitin and Chitosan, Sappora 
(Dr S. Hirano, Dept of Agricultural Bio- 
chemistry, Tottori University, Tottori 680, 
Japan). 

2-7 August, IUPAC Symposium on the 
Chemistry of Natural Products, Pretoria 
(CSIR Symposium Secretariat 5. 219, PO 
Box 395, Pretoria 0001, Republic of South 
Africa). 

2-13 August, Joint Oceanographic 
Assembly, Halifax (c/o Leo O’Quinn, 240 
Sparks St, 7th Floor West, Ottawa, 
Ontario, Canada KIA OE6). 

9-22 August, Methods in Computational 
Molecular Physics, Bas Windsheim (Dr S. 
Wilson, Dept of Theoretical Chemistry, 
University of Oxford, Oxford, UK). 
15-21 August, 12th International Congress 
of Biochemistry, Perth (Society of 
Chemical Industry, 14 Belgrave Square, 
London SW1, UK). 

15-22 August, Generation of Major Basalt 
Types, Reykjavik (Basalt Meeting, c/o Dr 
G.E. Sigvaldason, Nordic Volcanological 
Institute, 101 Reykjavik, Iceland). 

30 August-3 September, 9th International 
Liquid Crystal Conference, Krakow (Dr 
W. Witko, Institute of Nuclear Physics, 
31-342 Krakow, Poland). 

5~9 September, Workshop on Drug 
Metabolism, Liege (Dr J.E. Gilen, 
Institute of Pathology, Building B 23, Sart 
Tilman, 4000 Liege, Belgium). 

5~10 September, Invetebrate Pathology, 
Brighton (H.D. Burges, Glasshouse Crops 
Research Institute, Littlehampton, Sussex, 
UK). 

6-11 September, Water and Ions in 
Biological Systems, Bucharest (Prof. Dr. 
V. Vasilescu, c/o Union of Societies of 
Medical Sciences, str. Progresului no. 10, 
R-70754, Bucharest, Romania). 
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UNIVERSITY 
OF SUSSEX 
SCHOOL OF 
BIOLOGICAL SCIENCES 


POST-DOCTORAL 
RESEARCH FELLOW 


A post-doctoral research fellow is 
required for a project to isolate and 
study mutants of DNA repair and 
poly(ADP-ribose). Experience in 
either of these fields would be an 
advantage. Salary on the scale for 
Research Fellow Grade 1A £6,070 to 
£10,575 pa. The appointment will 
begin at a mutually agreeable time, 
will be for one year in the first 
instance, and is renewable. 


Further particulars may be 
obtained from Professor Sydney 
Shall, Biology Building, University 
of Sussex, Brighton BN! 9QG, to 
whom applications should be 
submitted by 31 October 1981. 

(9612)A 








UNIVERSITY 
OF DUNDEE 


DEPARTMENT OF 
BIOCHEMISTRY 


Applications are invited from 
Honours graduates in Biochemistry 
or Chemistry for the post of 


RESEARCH ASSISTANT 
for a period of three years to work 
with Professor P B Garland on an 
MRC-funded investigation of the 
lateral and rotational diffusion of 
membrane proteins. Appointment 
from 1! January 1982, or earlier, 
within the salary range £5,285 tc 
£6,070 per annum according to age 
and experience. 


Further particulars from 
Personnel Officer, The University, 
Dundee DDI 4HN, to whom appli- 
cations including a curriculum vitae 
and the names of two referees should 
be sent by 16 October 1981. Please 
quote Ref. EST/51/81]/2. {95789A 


Vaccines Research 


Our client is the UK Veterinary Research Division of a 
major European pharmaceuticals and vaccines 
group, well known for its contribution to health care 
throughout the world. 


The present opening, which is a new one, is a result 
of the company’s continuing success in the animal 
virus vaccine field, and the consequent need to 
-enhance its research expertise at a senior level. 


The successful candidate will report to, and work 
closely with, the Research Director. He or she will 
be expected to take over responsibility for the poultry 
virus vaccine research programme, and also to have 
at least some involvement with small animal and 
bovine research. 


The ideal applicant would be in his or her late 20s 
to early 30s, qualified/experienced to PhD level in 
virology, and with specific expertise in cell culture 


“Talentmark 


Leaders in Health Care Recruitment 





mám eaten 


THE UNIVERSITY 
OF MANCHESTER 


RESEARCH ASSISTANT IN 
THE DEPARTMENT OF 
MEDICAL BIOCHEMISTRY 


Applications invited for this post (to 
work with a small MRC team led by 
Professor J E Scott on structure and 
function of connective tissue) from 
candidates with considerable ex- 
perience of electron microscopy, and 
preferably some interest in bio- 
chemistry. The appointment is 
initially for one year with possible 
extension to three years. Initial salary 
range pa: £5,285 £7,700. 
Superannuation. 


Applications (naming three referees} 
to Professor J E Scott, Department 
of Medical Biochemistry, the Univer- 
sity, Manchester M13 SPL. 

(958754 
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enior Virologist 


UNIVERSITY 
OF BRUSSELS 


GENETIC ENGINEER x; 
A posi doctoral position opens 
immediately in the Department of. 
Molecuar Biology of the Umversity 
of Brussels (Belgium), The research. 
program deals with the cloning of 
human genes. coding for products or 
therapeutic or diagnostic use: ee 


Apphcants should have at least lie 

2 years. experience in- the field of © 
genetic engineering and should send. 
before November ist, 1981. ther 
curriculum vitae together with two 
letters af recommendation to DEA 
Bollen, Laboratory of Genetics, 
University of Brussels, 67 rue des 
Chevaux — B-1640 Rhode-Si-Gerése 
(Belgium). (Phone: (02).358 35 30-ext. 
242). Annual salary: £6,000. ‘ 
CNISIA 
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to c. £18,000 + bonus 


and immunology. A veterinary qualification would be 
of definite advantage, but not essential. 


There are excellent career prospects for the right 
candidate, who must clearly thrive on laboratory 
research, and enjoy the stimulation of scientific 
discussion as well as the communication of ideas to 
others not necessarily expert in this specialist field. 


The starting salary for this appointment will be up to 
£18,000 according to qualifications, experience and 
potential. In addition, other benefits include good 
bonus, pension and life assurance schemes, together 
with generous relocation expenses. An added attrac- 
tion is the delightful parkland setting of the labora- 
tories in a country mansion, within easy reach of a 
major university town. 


Please write in confidence for an application form, 
or phone if you would like to discuss the appeintment 
further before applying: 


James A. Edwards, Talentmark Limited, K 

King House, 5-11 Westbourne Grove, E 

London W2 4UA. Telephone: 01-229 2266. | d 
| 











stent PRODUCTION 


is a fast growing industrial organization affiliated to 





PASTEUR and SANOFI. 


We have a long experience in the Biological industry producing diagnostic reagents, 


bacterial and viral vaccins. 


Our research facilities are located in the western outskirts of Paris in an exceptional 


par site. 


or the expansion of one of our international Research Teams we are looking for a 





MOLECULAR GENETICIST (PH. D.) 


with experience in Bacterial or yeast genetics 


anda 


PROTEIN CHEMIST (PH. D.) 


with experience in modern technics of protein purification and analysis. 
Suitable candidates should be prepared to operate, with full responsability within 
their section, in a multidisciplinary scientific environment. 
Knowledge of French will be an advantage. 
Applications accompanied by a curriculum vitae and a list of publications should be 


sent to 


INSTITUT PASTEUR PRODUCTION 


Direction du Personnel - 3 boulevard Raymond Poincaré 
92430 MARNES-LA-COQUETTE - FRANCE. 


CARDIOVASCULAR 
PHARMACOLOGCIST 


The Merck Institute for Therapeutic Reserch is presently 
searching for an innovative and creative scientist to work 
in cardiovascular research at our West Point research 
facilities. The applicant we are seeking should have a 
doctorate with completed postdoctoral training in 
cardiovascular pharmacology or physiology, with a 
special interest in autonomic pharmacology. An interest 
in the biochemical aspects of this area would be helpful. 








The successful candidate’s published work should reflect 
creativity and the ability to perform independent work, as 
the position is one which involves exploring new 
approaches to the understanding and treatment of 
various cardiovascular diseases. 


The Merck Institute provides an exceptional environment 
for research, which includes adequate laboratory space, 
modern equipment and technical support. Our research 
facilities are located in a rural setting 25 miles NW of 
Philadelphia. 


Please send Curriculum Vitae complete 
with publication record to: 


Mr. David C. Jones 
Personnel Manager 


_ MERCK SHARP & DOHME 
RCH LABORATORIES 
West Point, PA 19468 





EEO/AA/VH/EMPLOYER 
(NW901)A 





POSTDOCTORAL POSITION 
to study 
REGULATORY MECHANISMS 
OF MEMBRANE 
PHOSPHOLIPID METABOLISM 
Experience in related areas (lipid 
biochemistry, cell culture, lipopro- 
teins, lipid-protein interactions) is 
desirable. Annual stipend: 
approximately $16,000. Send 
curriculum vitae, three references, 
summary of previous research, and 
a statement of research interests to: 
Dr. W. J. Baumann, The Hormel 
institute, University of Minnesota, 
Austin, Minn. 55912. 
University of Minesota is an Equal 
Opportunity Educator and Employer 
and specifically invites and 
encourages women and minority 
applications. (NW907)A 
























UNIVERSITY COLLEGE 
DUBLIN 
AGRICULTURAL BOTANY 
DEPARTMENT 


Post-Doctoral Fellow 


A Post-Doctoral Fellow is required 
to work ona NBST project on “The 
Nitrogen Metabolism of wheat flag 
leaves”. 

Salary scale: Ir £5,370 to £6,234 per 
annum. 

Please apply to: 

Dr M. L. Reilly, 
Agriculture Building, 
University College, 
Belfield, 

Dublin 4, Ireland. 
Telephone: (00) 01-693244 


ext 729. 
(Q670)A 





(W435) A 3 








































SCIENTIST 


if you are a scientist in 4 
biomedical or environmental field 
and have a research grant(s) or 
contract(s} as principal investi- 
gator, and are in a situation where 
you do not witness direct visibility 
of the indirect costs generated by 
your grantis) but wish to, then we 
can help youll We offer you a 
research environment where: 
indirect costs visibly support the 
research effort; a multidisciplin- 
ary group of sophisticated 
scientists work as a team in 
attacking research problems; 
joint academic and research a 
in which emphasis of effort 
(teaching/ research) is where you 
desire: graduate students; 
minimum, if any, committee 
work: sophisticated research 
equipment and facilities which 
are openly used by all scientists; 
and a choice living environment 
of pleasant year round oceanside | 
climate located in Florida. 


if these initial characteristics meet 
with the standards of the way you 
desire to live and work, and wish 
to relocate, please send your 
résumé, copy of grant/contract 
proposal(s) that you have 
determined can be transferred, 
and a letter of intent to Box 912 
cio Nature, 15 E26 St. New 
York, NY 10010. 
Affirmative Action/ Equal 
Opportunity Employer 
(NW912)A 





24 September 1981 











ASSISTANT 









_ RADIATION SCIENTIST 
Office of the Supervising Scientist 





The Office of the Supervising Scientist is a statutory authority of the 
Australian Commonwealth Government. The Supervising Scientist is 
responsible directly to the Minister for Home Affairs and Environment for 
co-ordinating and supervising activities concerned with the protection of 
the environment from the effects of uranium mining operations in the 
Alligator Rivers region of the Northern Territory. He also carries out 
research to assist in the formulation of standards and protection measures 
and to define practical and effective programs to measure the 
environmental impact of uranium mining operations. 

The focus of the research activities is the Alligator Rivers Region 
Research institute which will comprise a laboratory located in the region at 
Jabiru, about 260 km east of Darwin, supported by administrative and other 
research facilities in Sydney. A temporary laboratory and accommodation is 
currently established at the Ranger Mine site near Jabiru, 

The institute's Director is responsible to the Supervising Scientist for 
providing scientific leadership and management of the institute's 
multidisciplinary research program. Research activities include aquatic and 
terrestrial ecology, bioassay, water quality, surface and ground water 
ecology, hydrogeochemistry, dispersion, mesometeorclogy, 
geomorphology, mathematical modelling and radiometric studies. 

Applications are invited from persons suitably qualified to participate in 
the work of the Institute in the following capacities: 


Assistant Research Director 


DUTIES: 

The Assistant Research Director will direct and carry out research in a 
specialised area of acquatic biology. In addition he will assist the director in 
the planning and management of the institute's research programs 
including its resources, both hurnan and physical at the Jabiru laboratory 
where he or she will be supported by a srnall administrative team. 
Preference will be given to applicants with a distinguished research career 
in ecology, an emphasis on acquatic ecology being desirable. He or she will 
also be required to represent the Institute at scientific meetings and to 
develop and maintain close contacts with appropriate researchers and their 
institutions. The Assistant Research Director may also be required to 
consult with mining companies and liaise with government organisations on 
scientific and technical matters. 

QUALIFICATIONS: 

Applicants should possess a PhD or equivalent qualifications and 
would be expected to have a minimum of 15-20 years postdoctoral 
experience. A broad based competence in ecological research, including 
studies of fresh water acquatic ecosystems, is considered important. 
Applicants should also have an international reputation of a high order, with 
extensive publications in the scientific literature, and several years of 
scientific management experience preferably in multidisciplinary 
environmental research. Ability to maintain and inspire mission oriented 
research in a remote locality where tropical extremes are cornmon, will be 
an important attribute. 

SALARY: 

The engagement will be within the salary range — $A35,429 — 
$438,921 p.a. depending on qualifications and experience 
($A1.00 = $US1.12 or £Stg0.57 approximately). 

LOCATION: Jabiru, 











Environmental Radiation 
Scientist/Research Scientist or 


Senior Research Scientist 


DUTIES: 

The institute is seeking an appropriately qualified scientist to study 
naturally occurring radiation and radionuclides in the environment of the 
uranium mining and milling operations. Emphasis will se on the 
establishment of laboratory low-level counting and spectrometer systems, 
with appropriate data handling and reduction facilities and the 
development of instrumentation and techniques for specialiseer 
environmental and occupational radiological studies, e.g. the 
characterisation of radon daughter aerosols in the mine anvironrnert, the 
determination of thorium, radium and radon daughters in ervirarsnental 
samples. 

QUALIFICATIONS: 

Applicants should possess a PhD or equivalent qualifications and 
appropriate research experience. A thorough knowledge of radiation 
detection, counting techniques and experience in natural environmental 
radioactivity studies is considered important. 

SALARY: 

The engagement will be within the salary range $419,662 — SA28 S64 
p.a. depending on qualifications and experience. A higner salary could be 
considered for an extremely well qualified and experienned research 
scientist. 

LOCATION: 

May be either Jabiru or Sydney, but it will be necessary to spend 
extensive periods in the region, 
SUMMARY OF CONDITIONS: 

The successful applicants, subject to eligibility crveria, may be 
appointed as a permanent officer of the Australian Public Service: 
alternatively, a fixed term employment arrangement may be negotiated. 
Secondment from other government instrumentalities will, if necessary, be 
considered, Australian Public Service conditions of errployment apoly 
including 4 weeks annual leave, annual leave bonus and accumulative sick 
leave, Fares and removal expenses to take up duty anc short term 
accommodation allowance may also be payable in some circumstances. At 
Jabiry, 6 weeks annual leave, a district allowance icurrantiy $41,430 or 
$A2,420 to an employee with dependants), biennial leave fare assistance 
and a taxation zone allowance may also apply, and subsidised government 
accommodation is also available. As Jabiru is an isolated community ina 
tropical environment the ability to live and contribute te the life of such a 
community is an important consideration, 

Applications (including curriculum vitae and nomimated professional 
referees) should reach the Supervising Scientist, P.O. 30x 387, Bondi 
Junction, N.S.W., Australia 2022. United Kingdom ami European 
applicants should also forward a copy of their application and direct any 
enquiries to the Recruitment Officer, Public Service Board, Australia 
House, Strand, London WC2B 4LA (Telephone: 01-498 8448): those fram 
North America, to Counsellor (Administration), Australian Embassy, 16071 
Massachusetts Avenue, Washington D.C. (Teleghone: 202 797 
3000). This copy should reach the appropriate location sy 23 October 1984. 

(SEGGI 








techniques. 


Lake District. 


Experience of pharmaceutical analysis and an ability to lead graduate and technical staff 
are essential. Candidates will be honours graduates in chemistry or equivalent and are 
likely to be aged about 30 to have obtained the necessary experience. 


Employee benefits are those to be expected of a large and progressive company, . 
including participation in the Group's profitability. 


Barnard Castle is a small market town situated in the pleasant rural area of Teesdale, yet 
having easy access to Darlington, York, Leeds, Newcastle, the Yorkshire Dales and the 
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Analytical Chemists : 


Barnard Castle, Co.Durham 


We are responsible for the UK manufacture of Glaxo pharmaceuticals and their sale in 
this country, and are the largest British Pharmaceutical Company in the UK. Opportuni- 
ties have occurred at our Barnard Castle site for Analytical Chemists to head sections 
testing a wide range of pharmaceutical intermediates and products by modern analytical 





Applications should be sent to Mr. A. Winn, Deputy Personnel Manager, Glaxo 
Operations UK Ltd., Harmire Road, Barnard Castle, County Durham DL12 8DT or 
telephone (0833) 37305, quoting ref. U.198. 
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BREAD RESEARCH INSTITUTE OF AUSTRALIA 
Invites application for the post of 


Director 


This position is to become vacant in February 1983 upon the retirement 
of the present director, Mr Eric Bond, who has occupied the post since 
the foundation of the Institute in 1947. 


The Bread Research Institute is an industry research association 
supported by The Bread and Flourmilling Industries, The Australian 
Wheat Board and The Commonwealth Scientific and Industrial 
Research Organization. The primary aim of the Institute is to undertake 
scientific research and development for the bread, flour and wheat 
industies and to provide them with effective technical advisory 
services. 


it is proposed that the successful applicant should take up the position 
of Director Designate at a mutually convenient time in 1982 for a period 
of familiarization. 


Applicants should have high academic qualifications and a good 
research record with some experience in research applied to industrial 
problems. The position is an important and responsible one and the 
duties will include representing the Institute's supporting industries in 
technical and scientific matters. The work is challenging, demanding 
and rewarding and requires the ability to relate well to people and to 
communicate. The salary is negotiable and with benefits 
commensurate with the position will attract scientists of a high level. 


Applications by letter marked ‘confidential-Director’ with 
curriculum vitae should be addressed to: 
The Chairman of Council, 
Bread Research Institute of Australia, 
Private Bag, P.O., 
North Ryde, NSW 2113 
Australia 


Closing date for applications November 14. 






LONDON SCHOOL OF 
HYGIENE AND TROPICAL 
MEDICINE 
(University of London) 
Keppel Street (Gower Str.) 
WCIE7HT 


DEPARTMENT OF 
MEDICAL MICROBIOLOGY 
and 
wW H O COLLABORATING CENTRE 
ON VIRAL HEPATITIS 


Applications are invited for the 
following posts:- 


RESEARCH FELLOW 


to work with Professor A J 
Zuckerman for up to four years on 
hepatitis B vaccine development and 
production. Wide postgraduate 
experience in virology and tissue 
culture is essential. 


Salary range £9,750 — £12,860 
plus £957 London Weighting per 
annum. 


MEDICAL LABORATORY 
SCIENTIC OFFICERS 


(1) for development of monoclonal 
antibodies, immunochemistry and 
structural component analysis of 
viruses. The appointment will be for 
up to three years. 

(2) The second post is for work with 
and cultivation of chlamydia and the 
appointment will be for one year. 


Salary range £4,958 to £5,810 plus 
£859 London Weighting per annum. 


Applications, consisting of full 
curriculum vitae and naming two 
referees, should be sent to Mr MR 
Morris, Senior Assistant Secretary at 
the School. (9611)A 


(9613)A 











KENYATTA UNIVERSITY 
COLLEGE — Kenya 


PHYSICS DEPARTMENT 
Applications are invited for the post of 


LECTURER 


in the Physics Department. 
Applicants should be in possession of 
a good postgraduate degree in 
Physics or Physics Education 
preferably with a PhD. The Depart- 
ment has special interests in Elec- 
tronics, the development of 
Appropriate Technology, Physics 
Education and Geophysics. Candi- 
dates with any speciality will be 
considered. 


Salary scale: K£ 2,340 to 3,900 pa. 
(K£1=£1.23 sterling). The British 
Government may provide salary 
supplementation in range £4,572 to 
£7,428 pa (sterling) (reviewed 
annually — normally tax-free) and 
associated benefits. Family passages; 
subsidised housing; SSSF or FSSU: 
non-contributory medical aid 
scheme. 


Detailed applications (2 copies), 
including a curriculum vitae and 
naming 3 referees, should be sent to 
the Registrar, Kenyatta University 
College, PO Box 43844, Nairobi, 
Kenya, to arrive no later than 20 
October 1981. Applicants resident in 
UK should also send | copy to the 
Committee for International 
Cooperation in Higher Education, 
The British Council, Higher 
Education Division, 90/91 
Tottenham Court Road, London 
WIP ODT. Further details are 
available from either address. 

(9575)A 
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Physics Research | 
for a growing industrial giant 


Short or long-term, your contribution at one of South Africa’s 
largest research institutes will be matched by the 
sustained challenge, prospects and rewards in store. 





Owing to its vast mineral resources, South Africa is 
currently enjoying economic expansion (unparalleled by 
other industrialised Western countries) and there is a 
growing need for the establishment/development of 
secondary manufacturing industries. 

A need that demands substantial physical research 
Support which the CSIR's Pretoria-based National Physical 
Research Laboratory is well-equipped to provide. 

The NPRL is currently the CSIP's largest institute, 
offering modem research and research support facilities, 
opportunities for basic/applied research and the possibility 


of gaining higher academic qualifications. it actively 
encourages researchers to work on their own initiative, to 
exchange ideas with fellow scientists and to establish a 
rapport with relevant industries. 

in short, it's an ideal environment for goal-orientated 
research and development work. 

At present we seek capable candidates who are 
interested in a high level of sustained technological 
challenge, involvement plus the prospects and rewarcis we 
can provide throughout a permanent or minimurn 2-year 
contract (renewable) appointment: 


Physicists @ Chemists @ Engineers @ Material Scientists @ Ceramicists @ Metallurgists 
and those qualified or interested in other Physics-related disciplines 


To those of you in the above categories with a university 
degree (up to PhD level) or at least a relevant HNC/HND 
qualification, we offer posts at and below Project Leader 
level in these highly diverse R&D fields: Laser Technology. 
Holography. Thin-film Optics. Optical/Electro-optical 
Systems Design & Evaluation. Acoustics & Electroacoustics. 
Metrology. Atmospheric Sciences. Air Pollution. 
Meteorology. Geochronology. Geophysics. Electronics. 
Environmental Studies. Physical Metallurgy. Ceramics. 
Semiconductor Technology. Glass Technology, Mass 


Spectrometry. Electron Micro- 
scopy. Microanalysis. Atomic 


Spectroscopy. 


Salaries are negotiable and our 
comprehensive benefits package 
includes @ free air passages 
{return for contract appointees) 


COUNCIL FOR SCIENTIFIC AND INDUSTRIAL RESEARCH 





VICTORIA UNIVERSITY 
OF WELLINGTON 
LECTURESSHIP IN 

ZOOLOGY 


A vacancy will exist from Ist 
February 1982 for a Lecturer in 
Zoology with special interests in 
Animal Ecology. Applications are 
invited from persons with a research 
background in the ecology or 
behavioural ecology of terrestrial 
and/or aquatic animals. He/she will 
be expected to teach ecological 
principles in introductory courses in 
-zoology and to contribute to the 


teaching of ecology to senior 


students, including supervision of 
Honours, MSc and PhD students. 
The Department has excellent 
relationships with government 
biological research departments in 
the Wellington area. 


The salary scale for lecturers is 
NZ$19,835 pa to NZ$23,520 pa. 


Conditions of appointment, 
including method of application, 
may be obtained from the Associa- 
tion of Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH OPF. 


Applications close on 37 January 
1982, (9607)A 


THE UNIVERSITY 
OF SHEFFIELD 
WOLFSON INSTITUTE 
OF BIOTECHNOLOGY 
Immobilised Cell Technology 
Applications are invited for a 


POSTDOCTORAL FELLOW 
to work on a project on the 
immobilisation of plant cells which is 
part of an ongoing immobilised cell 
technology programme between 
UK AEA Harwell and the 
Wolfson Institute of Biotechnology. 
The successful applicant would spend 
the majority of his/her time based at 
Harwell, and would liaise closely 
with Wolfson Institute staff investi- 
gating natural product synthesis by 
immobilised plant cells. Applicants 
should have a background in the 
general area of biochemistry or 
microbiology; experience of cell 
culture or immobilisation techniques 
an advantage but not essential. 


Initial salary up to £6,880 a year. 
Tenable one year with possible 
extension for a second year. 


Particulars from the Registrar and 
Secretary, The University, Sheffield 
SIO 2TN to whom applications 
should be sent by 5 October 1981. 
Quote ref: R633/G (9570A 


The CSIR was established to develop 
the Republic's research-oriented 
manpower, material resources and 


national/community services through 
4,500 personnel employed at 19 research 
laboratories and institutes nationwide. 





@ assistance with removal costs @ settling-in allowance 
@ house purchase scheme, where applicable @:annual 
bonus (13th cheque) @ medical aid, pension/life assurance 
schemes @ on-campus sports facilities. 

Additionally, you can enjoy South Africa’s high standard of 
living at comparatively low cost, good shopping, schooling 
and entertainment facilities together with our warm climate 
and uncrowded countryside. 

For an application form, either ring 01-242 1768 during 
normal office hours or send brief personal and career detalis 
(including phone number) to The 
Scientific Counsellor, Chichester 
House, 278 High Holbarn, 
London WC1V 7HE, quoting 
reference 11/1/6568 clearly on 
the envelope. All interviews wili 
be conducted in the UK. 


Digby Stuart 4 
Froebel To 
Southlands J 
Whitelands | 


Roehampton 


DIX Rochan 
be | w” Institute 


Courses offered by the Roehampton Institute of Higher Education ae 
are in combined studies leading to university first and higher o 
degrees. The institute now seeks to make the following FIXED- 
TERM appointment as soon as possible for a period running to 31- = 
August 1983: 


LECTURER II IN ECOLOGY 


The Department of Sciences requires, for January 1982, a well 
qualified graduate to lecture in ecology and who has a Special 
interest in human ecology. The successful applicant will be joining @ 
flourishing department with recently expanded facilities and 
opportunities for research. Excellent opportunities for a wide range 
of ecological studies are available on the sites of and in the area local 
to the colleges. There is also easy and rapid access to central 
London. 


Salary; £6,462 — £10,431 plus London Allowance £759. 


Further particulars and application forms may be obtained 
from R. A. Fennell, Assistant Secretary, Roehampton 
institute of Higher Education, Richardson Building, Digby 
Stuart College, Roehampton Lane, London SW15 SPH, 


Closing date for applications: Monday 12 October 1981. 
(592A 
























Research Geologists 

he Australian Bureau of Mineral Resources (BMR) has as part of its role 
xe development of an integrated comprehensive scientific understanding 
f the geology of Australia as a basis of mineral resource assessment and 
nineral exploration. Several research divisions are being established, led 
“| by Chief Scientists, and programs are being developed which will involve 
-F multi-disciplinary studies of metallogenic provinces, of sedimentary 
‘| basins, and of those geological systems which have continental 
‘| development in Australia and which may, on evidence worldwide, be hosts 


‘| to major mineral deposits or fossil fuels. In order to support these 
| programs, the Bureau is seeking the following experienced research 
“§ geologists. 


1. A mineral deposit specialist to lead research into the nature and 
origin of strata-bound and stratiform base metal deposits and of the 
metallogenic provinces in which they occur. (PRS/SPRS) 


2. A geochemist to develop research programs on the application of 
trace elements (including the rare earth group), radiogenic iso- 
topes and stable isotopes to the study of relationships between 
igneous petrochemistry, mineral deposits and tectonic environ- 
ments through geological time. (PRS/SPRS) 


The successful applicant is expected to co-operate closely with 
research groups studying metallogenic provinces in Australia. He 
or she will be responsible for setting up additional related research 
facilities. 


3. A structural geologist to establish and lead a small specialist 
research group. It is expected that the group will undertake struct- 
ural analysis on all scales with particular reference to the relation- 
ships between structure, tectonic environment and mineralisation. 
Co-operation with groups undertaking studies of metaliogenic 
provinces and of the large scale structure of the crust will also be 
required. (PRS/SPRS) 


4. A geologist to lead an inter-disciplinary research program involving 
geochemical, geomorphological and tectonic studies of the effect 
of surface processes on the bedrock of the Australian continent 
with particular reference to regionally distributed, economically 
important rock units. Analyses will be made on a regional basis and 
will involve the use of remote sensing techniques as well as field 
and laboratory studies. (PRS/SPRS) 


5. Sedimentologists to undertake and lead research in oil shale 
studies, basin analysis, or studies of the sedimentological aspects of 
the origin of stratabound metal sulphide mineralisation and the 
generation and entrapment of hydrocarbons. Some of this research 
will be undertaken as part of the program of the Baas Becking 
Geobiological Research Laboratory. (RS/SRS/PRS/ SPRS). 


6. An organic geochemist to initiate and lead a research program on 
the origin and maturation history of soluble and insoluble organic 
matter in modern sediments and investigations of the chemical 
nature of kerogen particularly in Precambrian rocks as part of the 
program of the Baas Becking Geobiological Research Laboratory. 
(RS/ SRS). 


7. A commodity specialist to compile, interpret and synthesise ali 
data on the genesis and occurrence of tin and associated mineral- 
isation and take part in the assessment of resources, both dis- 
covered and undiscovered. (SRS/PRS). 


A PhD (or equivalent) in the geosciences with a 
significant content relating to one of the fields described 
above, or equivalent post-graduate research experience, 
together with demonstrated research ability. 


Research Scientist (RS) $A19662 — $A24 100 
Senior Research Scientist(SRS) $A24951 — $A28564 
Principal Research Scientist (PRS) $A29638 -—- $A33 616 


Senior Principal Research 
Scientist (SPRS) $A35 429 — $A38921 


Conditions of Service include superannuation, long 
service leave, four weeks annual leave and removal 
expenses to Canberra. Permanent appointment is 
available to persons who are British subjects eligible for 
permanent residence in Australia. 


| Qualifications: 


-f Salary: 
a Conditions: 


2i $ Applications: Together with full personai and professional details and 
wog the names of at least three referees should be sent to: 
The Director 
Bureau of Mineral Resources, 
Geology and Geophysics 
P.O. Box 378 
CANBERRA CITY ACT 2601 
AUSTRALIA 


by 6 November 1981. (NW439) A 


| BUREAU OF MINERAL RESOURCES — AUSTRALIA _ 






WISCONSIN-MADISON 

MICROBIAL ECOLOGY 

RESEARCH ASSOCIATE 

(Postdoctoral) 

position in population dynamics of 
phylloplane microbial antagonists to 
a foliar plant pathogen. Experience 
in plant pathology, microbial 
ecology, microbiology or mycology 
desirable. Funding for at least 16 
months. Salary commensurate with 
qualifications. 


Send résumé, transcripts and three 
letters of recommendation to: Dr JH 
Andrews, Department of Plant 
Pathology, 1630 Linden Drive, 
University of Wisconsin-Madison 
53706. An affirmative action/equal 
opportunity employer. (NW891)A 





CHAIRPERSON 
DEPARTMENT OF PHYSIOLOGY 
AND BIOPHYSICS 


SUNY Stony Brook invites applica- 
tions (and nominations) for the 
position of Professor and Chairman 
of the Dept. of Physiology and 
Biophysics. The candidate should 
have a vital commitment to academic 
excellence and national recognition 
for scholarly accomplishments. 


Interested persons should send 
curriculum vitae and other pertinent 
information to Dr Arthur Grollman, 
Professor and Chairman, Department 
of Pharmacological Sciences, Health 
Sciences Center, SUNY Stony Brook, 
NY 11794. SUNY Stony Brook is an 
equal opportunity/affirmative action 
employer. AK## 139A. (NW904)A 





UNIVERSITY 
OF CALIFORNIA 


DEPARTMENT OF 
BIOLOGY 


IMMUNLOGIST 


The Department of Biology at the 
University of California, Riverside 
anticipates having an opening for an 
assistant professor in immunology. 
The appointment will be effective 1 
July 1982 with duties beginning 
September 1982. Candidates must 
have evidence of ability toinitiate and 
sustain a creative research 
programme, and enthusiasm and 
skill in teaching and supervision in 
both undergraduate and graduate 
programs. Teaching duties will 
consist of undergraduate and 
graduate courses in immunology as 
well as undergraduate teaching of 
vertebrate histology and/or 
embryology. 


Applicants should send an up-to- 
date curriculum vitae, a brief des- 
cription of research and teaching 
goals, reprints of scientific papers, 
and request letters from three indi- 
viduals who, from close personal 
knowledge, can evaluate the 
applicant. The University of 
California is an Equal Opportunity/ 
Affirmative Action Employer. 
Applications are invited from all 
qualified individuals. 


Send applications by November 
16, 1981 to: Professor R Ruibal, 
Chairman, Department of Biology, 
University of California, Riverside, 
California 92521. (NW911)A 
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THE UNIVERSITY 
OF LEEDS 
DEPARTMENT OF BIOCHEMISTRY 
Applications are invited for a post of 
POSTDOCTORAL 
RESEARCH FELLOW 


in the above Department for work on 
an MRC funded project on molecular 
organisation and expression of an- 
drogen-responsive genes. 


Candidates should have, or shortly 
expect to have, a PhD, together with 
experience in Molecular Biology, 
Recombinant DNA Technology or 
related areas. 


The appointment will be made for 
a fixed period of up to three years 
from a date to be arranged with the 
successful candidate. Salary on the 
IA Scale for Research and Analogous 
Staff: £6,070 — £10,575, according 
to age, qualifications and experience. 


Informal enquiries may be made to 
Dr S J Higgins (tel: 0532-31751 ext 
7439). 


Application forms and further 
particulars may be obtained from the 
Registrar, The University, Leeds LS2 
9JT, quoting reference number 
83/39/D. Closing date for applica- 
tions 7 October 1981. (9590)A 





NATIONAL UNIVERSITY 
OF LESOTHO 


Applications are invited for the 
following posts:- 


1. SENIOR LECTURER/ 
LECTURER IN PHYSICAL 
CHEMISTRY 


to teach at General BSc degree level. 


2. LECTURER IN PHYSICS. 


Applicants should hold a higher 
degree in Physics. Those with 
teaching experience at undergraduate 
level will be given preference. 


Salary scales: Senior Lecturer 
R 11,568 — R 13,248 pa. Lecturer 
R 8,244 — 11,160 pa. (£1 sterling = 
R 1.72.) In very exceptional circum- 
stances, the British Government may 
provide salary supplementation, for 
the appointee to the Chemistry post, 
in range £1,716 — £4,656 pa (sterling) 
(reviewed annually — normally tax- 
free) and associated benefits. It is 
unlikely that this supplementation 
will be provided for the appointee to 
the Physics post. Gratuity for those 
on short-term contracts; inducement 
allowance for expatriates not 
qualifying for supplementation; 
accommodation at economic rental; 
family passages; baggage allowance; 
education allowances for expatriates; 
vacation and study leave. 


Detailed applications (2 copies), 
including a curriculum vitae and 
naming 3 referees, should be sent to 
the Registrar (Appointments), 
National University of Lesotho, PO 
Roma, Lesotho to arrive no later than 
19 October 1981. 


Applicants resident in UK should 
also send 1 copy to the Committee for 
International Cooperation in Higher 
Education, The British Council, 
Higher Education Division, 90/91 
Tottenham Court Road, London 
WIP ODT. Further details are avail- 
able from either address. (9574)A 












KODAK (Australasia) PTY LTD 
a KODAK RESEARCH 
LABORATORY 

Melbourne, Australia 

RESEARCH SCIENTIST 
or 
SENIOR RESEARCH 
SCIENTIST 


Applicants should have postdoctoral 
experience in the area of surface/ 
calloid chemistry. Familiarization 
with aspects of emulsion stabilization 
would be desirable. Applicants with 
backgrounds in polymer chemistry or 
organic photochemistry will also be 
considered. 


Applicants should be Australian 


citizens or be eligible for permanent | 


residence in Australia. 


An attractive salary will accompany 
the position together with a wide range 
of Company benefits. 


Applications close October 30, 
1981. 


Please write, giving full career and 
personal details and the names and 
addresses of three referees to: Mr 
J Lonergan, Staff Placement Manager, 


Kedak (Australasia) Pty Ltd, PO | 


Box 90, Coburg, Victoria, 3058. 
Australia. (9601D)A 


THE AUSTRALIAN 
NATIONAL UNIVERSITY 
THE JOHN CURTIN SCHOOL OF 

MEDICAL RESEARCH 
PROFESSOR OF 
PHYSIOLOGY 


Applications are invited for the 
position of Professor and Head of the 
Department of Physiology, John 
Curtin School of Medical Research, 
which becomes. vacant on the 
retirement of Professor P.O Bishop 
FAA, FRS, in December 1982. 
à Applicants i in any field of physiology 
will be considered. The School has 
excellent facilities for research, 
graduate and postdoctoral training. 


Salary: not less than $441,509 pa, 
plus pre-clinical loading of $A2,300 pa 
for medical qualifications. Current 
exchange rates: $1A/$US1.13; UK 
63np. A Professor is appointed 
immediately to age 65 years. 
Appointment as Head of Department 
will be for a period to be determined. 
Reasonable appointment expenses are 
paid and assistance is given with 
finding accommodation. Super- 
annuation benefits are available for 

- those eligible to contribute. Programs 
of studies away from the University 
- may be approved. 


The University reserves the right not 
to make an appointment or to make an 
appointment by invitation at any time. 


For further information, write to 
Professor Robert Porter, Director, 
The John Curtin School of Medical 
Research, PO Box 334, Canberra City 
_ ACT 2601 or to the Association of 
-Commonwealth Universities (Appts), 
ae ps ee Square, London WC1H 


` Applications to the Registrar, PO 
Box 4, Canberra, ACT 2600, 
a Australia by 16 November 1981. 

e (9606)A 
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DURHAM UNIVERSITY 
PHYSICS DEPARTMENT 
Applications are invited from 
candidates of post-doctoral status 
with experience in the fields of solid 
state physics, applied physics or 
miaterials science for an 
appointment as 


SENIOR RESEARCH 
ASSISTANT 
tenable for three years from 
1 November 1981 


Initial salary on Range 1A £6,070 — 
£8,515 plus superannuation. 


The appointment is for full-time 
research and the successful candidate 
will be the senior member of a team of 
four engaged under the direction of 
Dr W D Corner and Dr B K Tanner in 
a programme of investigation on the 
magnetic properties of structural 
steels sponsored by British Gas with a 
substantial financial commitment 
from them. He or she will be 
responsible for maintaining close 
contact with the sponsors. 


Applications (three copies) naming 
three referees should be sent by 5 
October 1981 to the Registrar, 
Science Laboratories, South Road, 
Durham DH1 3LE, from whom 
further particulars may be obtained. 

(9588)A 





SCIENTIFIC OFFICER 
(Second advertisement) 


A vacancy exists for a Scientific 
Officer in a small team in the 
Analytical Chemistry Division which 
will study the action and metabolism 
of anabolic agents. 


The project will complement 
studies in the Animal Physiology 
Division and at other ARC Institutes 
on the use of hormonal substances to 
promote growth in meat animals. 


The successful candidate, who will 
be responsible to a Senior Scientific 
Officer, will be required to develop 
and operate the necessary analytical 
techniques appropriate to the work, 
such as high performance liquid 
chromatography in association with 
mass spectrometry, and radio- 
immuno and other assay procedures. 


Initially the study will concern the 
distribution of known agents and 
their metabolites throughout the 
carcass meat and edible offal of 
implanted animals; future work will 
include the development of new assay 
procedures and detailed analytical 
studies of the metabolites of selected 
anabolic agents. 


Qualifications: First or second 
class honours degree in Biochemistry, 
or in Chemistry with a supporting 
biological science subject. Some 
postgraduate experience in an appro- 
priate area would be an advantage. 


Salary: Scientific Officer Scale 
£5,176 — £6,964 per annum (starting 
salary depending on qualifications 
and experience). Permanent post 
with non-contributory pension 
scheme. 


Application forms from: Person- 
nel Officer, Meat Research Institute, 
Langford, Bristol BS18 7DY. 
Closing date for return of application 
forms: 23 October 1981. (9589)A 








NMR Studies of gastric cells and of 


physiological 
desirable. 

Send résumé to G.A. Elgavish, 
Comprehensive Cancer Center, 


University of 

Birmingham, AL 35294 or call (205) 

934-5694. EO/ AA Employer. 
(N 
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Central Directorate on 
Environmental Pollution 


Department of the Environment 


Toxicologist 


. to join a London-based team which, jointly with the Health and. Safety: 
Executive, will operate the New Chemicals Notification Scheme. The Scheme: 
requires notification of all new chemicals marketed in the UK in quantities of - 
over one tonne per year and their assessment for passible effects on human 
health and the natural environment. The work will involve interaction with 
industry, other government departments, research iaboratories and scientists 
operating notification schemes in other European countries. 

Candidates should have a degree in Chemistry, Biology or a relatect 
discipline, and training or experience in human or animal toxicology. Research 
experience in evaluating the effects of small doses cf materiats in water, food or 
air would be advantageous. 

Appointment as Senior Scientific Officer £9,225 -- £11,395 or Higher 
Scientific Officer £7,545 — £9,605. Level of appointment and starting salary 
according to qualifications and experience. In certain circumstances, some 
assistance with removal expenses may be given. 

For further detaiis and an application form {to be returned by 16 October 
1981) write to Mrs M. Powell, Department of the Environment; Room 446, 
Lambeth Bridge House, London SE1 758 or telephone 01-211 BAG8, 

Please quote ref: SA/37/H, 





Marine Laboratory, Aberdeen 


Department of Agriculture and Fisheries 
for Scotland 


Biologist 


.. . to join a team studying the ecology and population dynamics of stocks of 
pelagic fish exploited by the Scottish fishing industry. After initial training, the 
successful candidate will primarily be invoived in the assessment of herring 
stocks and their reaction to fishing. Considerable field work will be required, 
including duties on research and commercial fishing vessels. A strong interest 
in, and aptitude for, a quantitative approach to biologica probleme well be 
expected. 

Candidates, normally aged under 27, should have a good hondurs degree ina 
biological subject, including or combined with some training in mathematics or 
Statistics. 

Appointment as scientific Officer £5,175 — €6,968 with starting salary 
according to qualifications and experience. | 

For further details and an application form (so be returned by 16 October =o 
1981} write to Scottish Office, Personnel Division, PMIPTS}3, Room 206, oo 
16 Waterloo Place, Edinburgh EH1 3DN. 
Please quote ref: SA/26/DLC. 
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BIOCHEMIST 
BIOLOGIST 
To pursue independent research in 
the area of bone metabolism. |. 
Junior faculty position available | 
for qualified applicants. The Bone | 
and Connective Tissue Research Ea 
Program is a joint venture between | 
the Orthopaedic Hospital of Los “ke 
Angeles and the University of |- 
Southern California. 
Please send résumé and |. 
references to: Dr Marcel Nimni, | 
| Orthopaedic Hospital, DA TSth 





POSTDOCTORAL 
POSITION 


H+, K* — ATP ase, NMR and/or 
background is 


Alabama in 


W305) A floor, 2400 South Flower | _ 
Street, Los Angeles, Calif. |. 
EEE 20007. (INWSTB)A J- 
























- Post Doctoral 
- Scientists 


Department of 
Virai Products 
(Ref: SG 295) 

To investigate the production of interferon by T-cell clones 


and hybridomes and to characterise the interferon so 
produced. 











The appointment is for three years only and is financed by a 
Cancer Research Campaign grant, held jointly by NIBSC and 
Warwick University. 


Applicants should have a PhD in cellular immunology or a 
related discipline. Experience of working with hybrid 
myelomas would be advantageous. 


Section of Chemistry 
(Ref: CH 155) 


To work on the isolation of enzymes and their application to 
degradation of polysaccharides as well as on general aspects 
of enzymology. it will also include the characterisation of 
enzymes of interest to the Institute and the applications of 
enzyme techniques to analyse other products. 

















































Certain aspects of licensing and control of medicines are 
likely to be involved. There are excellent opportunities for 
collaboration. This post could lead to a permanent 
appointment. 


Applicants should have a PhD in a relevant area of Chernistry 
or Biochemistry, and some Post doctoral experience. 


The Salary scale for both appointments is £7,847 — £10,717 
inclusive of London Weighting. Starting salary would be 
dependent upon age, qualifications and experience. 


Further details and application form for both posts 
(quoting reference number) 

obtainable from Personnel 

Officers, NIBSC, Holly Hill, 

Hampstead, London NW3 

6RB. Telephone 01-435 2232. 

Closing date 16th October, 

1981. (9573)A 


National Institute for Biological Standards and Control 


UNIVERSITY OF CAPE TOWN 


Applications are invited for the following posts in the 
Department of Biochemistry 


RESEARCH OFFICER 

The applicant should have a strong interest and experience in the 
field of recombinant DNA and sequencing technology to join a 
aed group working on structure of chromosomal proteins. 

| Appointment, according to qualifications and experience, willbe on 
the salary scale R10,995/675 — R14,370/810 — R19,230 per 
annum. in addition, a travel grant of up to R1,500 to Cape Town will 
be provided. The vacancy is to be filled during 1981. 


C.S.1.R. CHROMATIN RESEARCH UNIT 
TECHNICAL OFFICER 


_ Applicants should have a recognized technical qualification or a 
degree in Chemistry, Biochemistry or Microbiology. 

The appointment will be according to qualification and experience 
cn the salary scale R8,730/360 — R8,450/495 — R11,430 per 
annum. 

GENERAL Appointment to the above two posts will be for 
three years in the first instance, Applications should be 
submitted to Professor C. von Holt, Department of 
Biochemistry, University of Cape Town, Rondebosch, 7700, 


South Africa, from whom further information may be 
obtained. (W429)A 











| 
| 
: 
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M.R.C. CLINICAL RESEARCH CENTRE 
l (NORTHWICK PARK HOSPITAL) 
WATFORD ROAD, HARROW MIDDX. HA1 3UJ 


POSTDOCTORAL 
RESEARCH WORKER 


is required for the transplantation Biology Section for tissue cuiture 
studies on CMI. The post will be available from ist October 1981 at 
an annual salary of approx £8,000 (inclusive of London Weighting). 
For further details contact Sir Peter Medawar 01-864 5311 ext 2129. 
Write to Miss B.A. Shaw for application forms, quoting ref: 
129/1/PRW closing date 16th October 1981. 


Closing date 20th November 1981. 
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UNIVERSITY OF 
WISCONSIN-MADISON 
AQUATIC BIOLOGY 
ONE RESEARCH 
ASSOCIATE 
(Postdoctoral) 
and 
ONE SPECIALIST 
(BS or MS level) 


positions available immediately. 
Project involves the microbiological 
and integrated control of Eurasion 
watermilfoil and the impact of these 
strategies on water quality. 
Experience in plant pathology, 
microbiclogy, water chemistry, 
aquatic botany, or limnology 
desirable. Funding for at least two 
years. Salaries commensurate with 
qualifications. 


Send résumé, transcripts and three 
letters of recommendation to: Dr J H 
Andrews, Department of Plant 
Pathology, 1630 Linden Drive, 
University of Wisconsin-Madison 
53706. An affirmative action/equal 
opportunity employer. (NW890)A 





UNIVERSITY 
OF THE WEST INDIES 
Trinidad 
Applications are invited for the post of 
LECTURER/ASSISTANT 
LECTURER IN BOTANY 


in the Department of Biological 
Sciences tenable from October 1982. 
Applicants must hold an honours 
degree in Botany. A higher degree 
would be an advantage. 


Salary scales: Lecturer TTS 29,784 
to 43,752 pa. Assistant Lecturer TTS 
24,156 to 26,484 pa (£1 sterling = 
TTS 4.46), FSSU. Unfurnished 
accommodation or housing 
allowance. Family passages. Study 
and Travel Grant. 


Detailed applications (2 copies), 
including a curriculum vitae and 
naming 3 referees, should be sent as 


| soon as possible to the Secretary, 


University of the West Indies, St 
Augustine, Trinidad. Applicants 
resident in UK should also send | 


copy to the Committee for Inter- | 


national Cooperation in Higher 
Education, The British Council, 
Higher Education Division, 90/91 
Tottenham Court Road, London 
WIP ODT. Further details are avail- 
able from either address. (9610)A 


PE S E IEIS E A E nn EE AEE EE EANET E e eE KEEA Eae aaant 


UNIVERSITY 
OF CAMBRIDGE 
Medical Research Council 
THE MOLTENO INSTITUTE 
has a vacancy for a 
GRADUATE RESEARCH 
ASSISTANT 


to assist in the preparation of mono- 
clonal antibodies specific for surface 
glycoproteins of trypanosomes. 
Previous experience of tissue culture 
and/or immunological techniques 
would therefore be an advantage. 
The position will be for one year in 
the first instance, and the salary 
will be at a point on the University 
graduate research assistant scale 
(£4,900 to £8,515), depending on age 
and qualifications. 


Applicants should send a 
curriculum vitae and the names and 
addresses of two referees to Dr E N 
Miller, The Molteno Institute, 
Downing Street, Cambridge CB2 
3EE. (9558)A 


UNIVERSITY 
OF LIVERPOOL 
Environmental Advisory Unit 


DEPARTMENT OF 
BOTANY 


Applications are invited from 
candidates with postgraduate 
research experience for the post of 


POSTDOCTORAL SENIOR 
RESEARCH ASSISTANT. 


The successful candidate will be 
required to work on a project, funded 
by the DoE, on the evaluation of site 
assessment techniques for polluted 
land and will have experience in 
sampling theory, computer 
modelling and a knowledge of the 
problems associated with con- 
taminated land. 


Tenable for one year from 
1 October, 1981 at a salary in the 
range £6,070 to £7,290 per annum. 


Applications, together with the 
names of three referees, should be 
received not later than 16th October, 
1981, by The Registrar, The 


. University, PO Box 147, Liverpool 


L69 3BX, from whom further par- 
ticulars may be obtained. Quote Ref: 
RV/876/™ (9582)A 
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teaching. 


UNIVERSITY OF ALBERTA 


KILLAM MEMORIAL CHAIR IN 
SCIENCE AND ENGINEERING 


A bequest from the late Dorothy J. Killam has resulted in the 
endowment of two Killam Memorial Chairs in any area of basic science 
or engineering. These are senior appointments offered to distinguished 
individuals to permit them to carry on high level research and graduate 


One of the Killam Memorial Chairs will become available on July 1, 
1982. We are seeking outstanding candidates to fill this position. We 
invite nominations and applications on behalf of or from distinguished 
individuals interested in this chair. Enquiries, nominations and 
applications should be directed to: 
Dr J. Gordin Kaplan 
Vice-President (Research) 
The University of Alberta 
Edmonton, Alberta, Canada T6G 29 


Nominations should be received before December 1, 1981. 
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CASE WESTERN RESERVE 
UNIVERSITY 
DEPARTMENT OF BIOLOGY 


Two faculty positions at the junior or 
senior level are available starting 
September 1982. Areas to be con- 
sidered: (1) Genetics, (2) Cell Biology. 
Applicants should have a strong 
commitment to research, under- 
graduate and graduate education. 


Interested persons should submit a 
curriculum vitae plus a brief statement 
of current research interests, and have 
three letters of recommendation sent 
to Dr Norman B Rushforth, Chair- 
man, Department of Biology, Case 
Western Reserve University, 
Cleveland, Ohio 44106. Case Wester 
Reserve University is an Equal 
Opportunity Employer. (NW920)A 





PLANT POPULATION 
BIOLOGIST 


The Department of Botany of the 
University of Georgia is seeking 
qualified applicants in plant 
population biology at the Assistant/ 
Associate Professor level. Preference 
will be given to candidates working in 
any of the following areas: numerical 
taxonomy including cladistics; 
experimental systematics; pollination 
biology; population ecology. A 
research program that emphasizes 
quantitative or statistical approaches 
is desirable. The successful candidate 
will be expected to contribute to the 
teaching program in plant systematics. 
Candidates must have a PhD and a 
strong commitment to research as well 
as teaching. Duties include developing 
and independent research program 
and teaching at the graduate and 
undergraduate levels. 


Applicants should forward a 
curriculum vitae, reprints, a brief 
Statement of research plans, and 
arrange to have four letters of 
recommendation sent to, Department 
of Botany, University of Georgia, 
Athens, Georgia, 30602. Screening of 
applicants will begin October 1, 1981 
and the closing date for applications is 
December 1, 1981. Appointment 
would be affected on or about 
September, 1982. 

The University of Georgia is an 


‘equal opportunity/affirmative action 
institution. (NW922)A 


UNIVERSITY OF LEICESTER 
DEPARTMENT OF MICROBIOLOGY 
A vacancy exists for a full-time Grade § 


TECHNICIAN 


The work is concerned with research 
into suppressor cell function and 
lymphokine production; responses of 
human lymphocytes to antigens 
likely to be relevant in B27 associated 
arthritis; and some classwork pre- 
paration for Immunobiology and 
General Microbiology. Experience in 
cell culture desirable. Candidates will 
be expected to have appropriate 
experience and hold HND, HNC, 
Degree or equivalent qualifications. 
Salary £5,695 to £6,650 a year. 


Applications, including curriculum 
vitae and names of two referees to Dr 
P Sheldon, Department of Microbio- 
logy, University of Leicester, 
Leicester LEI 7RH. (959DA 





UNIVERSITY OF THE 
WITWATERSRAND 
Johannesburg 
DEPARTMENT OF MEDICAL 
BIOCHEMISTRY 
SENIOR LECTURER 
AND LECTURER 


Applications are invited from 
suitably qualified persons, regardless 
of sex, race, colour or national 
origin, for appointment to the above 
posts. 


The incumbent will be expected to 
assist in the teaching of medical and 
Science students. There is an active 
research programme in the Depart- 
ment, which is well equipped. 


The salary ranges attached to these 
posts will be as follows: Senior 
Lecturer: R18,075 — R23,550 pa. 
Lecturer: R11,435 —- R20,280 pa. 


Interested persons should obtain 
the information sheet relating to 
these posts from Miss J Lloyd, South 
African Universities Office, 
Chichester House, 278 High Holbron, 
London WCIV 7HE, or from the 
Registrar (Staffing), University of 
the Witwatersrand, Jan Smuts 
Avenue, Johannesburg, South 
Africa 2001, quoting ref: 11/1/662 
with whom applications should be 
lodged by 15 October 1981. 

(9608)A 


_at least three referees should reach the Director by 6 November 1981. = 































BUREAU OF MINERAL RESOURCES, GEOLOGY A 
GEOPHYSICS — CANBERRA 
TiC 


Senior Geoscientific 
Research Appointments | 


The Bureau of Mineral Resources, Geology and Geophysics (BMR, 
charged with developing an integrated, comprehensive, scien 
understanding of the geology of the Australian continent and offsho 
areas as a basis for minerals exploration. 

It is seeking Chief Scientists to head and lead research in its fou 
newly established major research divisions. The Chiefs will be dire 
responsible to the Director (Professor R W R Rutland) and should | 
demonstrated outstanding capacity in research and for leadership 
research in their fields. = 
DIVISION OF MARINE GEOSCIENCES AND PETROLEUM 
GEOLOGY j 

This Division will undertake a wide range of regional offshore 
geological and geophysical investigations and will also be responsible — 
for the analysis and integration of geoscientific data collected by private: : 
petroleum exploration companies offshore. ue 

Applicants should have substantial experience of modern researchin f 
the marine geosciences and associated logistic requirements. {i 
Specialisation in marine geophysics, in seismic stratigraphy, or in other 
modern techniques of basin analysis, as applied to petroleum geology, 
would be particularly appropriate. 

DIVISION OF GEOPHYSICS 

This Division will undertake studies of the structure and f 
characteristics of the crust and upper mantle (including observatory. f 
functions), relevant to the understanding of the evolution of the $- 
Australian continent and its mineral deposits. It will also undertake f 
airborne radiometric and magnetic surveys and their interpretation asa J 
basis for mineral exploration, and research into geophysicalexploration” f 
techniques and their application. T 

Applicants should be specialists in a major branch of geophysics with i 
broad appreciation of other geophysical techniques. Specialisation in 
seismic methods would be particularly appropriate. 

DIVISION OF CONTINENTAL GEOLOGY (SEDIMENTARY) 

This Division will be responsible for studies of sedimentary basins and: 
of sedimentary systems, which have continental development inf : 
Australia and which may be host to fossil fuels or mineral deposits. ho f 
will undertake studies of the characteristics and origin of fossil fuels, 
and it will also undertake studies of the effect of surface processes on 
the bedrock of the Australian continent. 


Applicants should be specialists in sedimentary geology. Special | 
expertise in sedimentary ore deposits or in petroleum geology would be 
an advantage. 
DIVISION OF PETROLOGY AND GEOCHEMISTRY 
This Division will undertake basic geochemical, petrolegical and 
mineralogical studies of major sedimentary and igneous rock suites, of 
the environments of metalliferous deposits and of the deposits 
themselves. It will have the main carriage of multidisciplinary studies. of 
metallogenic provinces. o 
Applicants should be specialists in petrology and/or geochemistry. f 
with interests in the application of these disciplines to the study af | 
mineral deposits. 
SALARY will be $A43, 158 per annum. 


CONDITIONS — Permanent position located in Canberra. Four weeks 
annual leave and bonus payment, cumulative sick leave, long service 
and comprehensive superannuation scheme. 


APPLICATIONS — Further details may be obtained from:- 
The Director 
Bureau of Mineral Resources 
Geology and Geophysics 
P.O. Box 378, 
CANBERRA CITY A.C.T. 2661 
AUSTRALIA 


Applications stating full personal and professional details, and names of 







































DOCTORAL and postdoctoral | 


positions available immediately and 
beginning 1982 in the areas of 
enzymology, biotransformation 
(biotechnological aspects) and cell 
biology. Salary DM 16,000 and 
38,000. Send application, curriculum 
vitae and 2 letters of reference to 
Lehrstuhl für Organische Chemie 
and Biochemie der Technischen 
Universitat Miinchen, D-4086 
Garching. (W437)A 


ORGANIC tenure-track faculty — 
positions beginning September 1982. 
Rank and specialty open. Seeking 
excellence in research and teaching, ` 
send résumé and research plans and © 
have three letters of recommendation _ 


sent to N N Lichtin, Chairman, — 


Department of Chemistry, Boston ` 
University, Boston, MA 02215 by > 
November 30, 1981. Affirmative 
Action/Equal Opportunity Em- © 
plover. (NWS902)A4 















BUREAU OF MINERAL RESOURCES — AUSTRALIA 


Research Geophysicists 


The Australian Bureau of Mineral Resources, Geology and Geophysics 
as as a major part of its role the development of an integrated, 
<f- comprehensive, scientific understanding of the geology of the Australian 
-$ continent as a basis for mineral resources assessment and mineral 


: § exploration. Within this role it is develaping programs in a number of areas 
<f including exploration geophysics and tectono-physics. The Bureau invites 
-f applications from experienced research geophysicists to undertake the 
| lead research in six fields: 


1. 


2. Electrical and electromagnetic 


Airborne radiometric and magnetic methods 
involving research into the regional geology and mineral potential 
of sedimentary basins and metallogenic provinces and 
requiring the interpretation of airborne magnetic and radiometric 
data in conjunction with other geophysical data; research into 
methods of interpretation to be undertaken when needed to support 
the above. Close co-operation with research groups undertaking 
inter-disciplinary regional studies will be required. (SRS/ PRS) 


techniques — involving the 
development and application of electrical and electro-magnetic 
techniques for use in regional and detailed studies of the geology 
and mineral potential of metalliferous provinces and sedimentary 
basins. The work will be at both the theoretical and practical level 
and involve considerable interaction with other research groups in 
Australia. (SRS/PRS) 


. Geomagnetism — involving research on the Earth’s magnetic 


field, and in particular, its secular changes so as to generate models 
which could lead to improved prediction of the field in the Australian 
region. In addition, the appoistee will be expected to investigate 
the use of MAGSAT data amd long period effects of the geo- 
magnetic field to study the nature of the lithosphere. (RS/SRS) 


4. Palaeomagnetism — involving research into the application of 


Qualifications: 


=F Salary: 
-+f Conditions: 


7 Applications: 





palaeomagnetism to problems of regional geology and tectonic 
evolution, the main thrusts ef BMR’s current palaeo magnetic 
programs being the magnetostratigraphy of Australia’s Proterozoic 
basins and continent-wide Tertiary weathering. Close co-operation 
with researchers in structural geology and crustal geophysics will be 
required, (RS/SRS) 


. Marine geophysics — involving the analysis of marine geophysical 


data with reference to the stratigraphy, structure and evolution of 
Australian continental margims. Research experience in seismic 
stratigraphy highly desirable. PRS/SPRS) 


. Seismic methods — involving the acquisition and interpretation of 


seismic data, particularly in relation to land-based muitidisciplinary 
studies of sedimentary basins, and the application of seismic 
methods to basin analysis. (RS/SRS) 


A PhD (or equivalent) in Geophysics, Physics or 
Mathematics with @ substantial content related to one of 
the fields described above, or equivalent post-graduate 
research experience, and demonstrated research ability. 


Research Scientist RS) $A19 662 — $A24 100 
Senior Research Scientist(SRS) $A24951 — $A28 564 
Principal Research Scientist (PRS) $A29 638 — $A33616 
Senior Principal Research 

Scientist (SPRS; $A35 429 — $A38921 


Conditions of Service will include superannuation, long 
service leave, four weeks annual leave and removal 
expenses to Canberra. Permanent appointment is 
available to persors who are British subjects eligible for 
permanent residence in Australia. 


Together with full personal and professional details and 
the name of at least three referees should be sent to: 


The Director 

Bureau of Mineral Resources, 
Geology and Geophysics 

P.O. Box 378 

CANBERRA CITY ACT 2601 

AUSTRALIA 


by 6 November 1981. iW440)A 


Please mention nature 


when replying to these advertisements 
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PLYMOUTH \ 
POLYTECHNIC 
FACULTY OF SCIENCE 


DEPARTMENT OF 
BIOLOGICAL SCIENCES 


RESEARCH ASSISTANT 


A research assistantship is 
available within the above 
department for work on one of the 
following projects: 

1. Virulence factors of the 
Fish-Pathogenic Bacterium 
Aeromonas Salmonicida. 


Synthesis of 9, 
9-disubstituted 
idenopyridines, 
Idenodiazines and 
indenotriazines as potential 
Herbicides. 
Candidates should have gained a 
good honours degree in a subject 
appropriate to the proposed area 
of research, Microbiology, 
Biochemistry or Biological 
sciences for Project 1, Organic 
Chemistry for Project 2. 
Research assistants are expected 
to read for a CNAA higher degree 
although post doctoral 
applications will be considered. 
Appointments are for a period of 
one year in the first instance, the 
appointment being renewable for 
a second and third year subject to 
satisfactory progress. Salary will 
be £5,034 — £5,685 post graduate 
or £6,462 — £8,820 post doctoral 
{or equivalent) with annual 
increments. 
Application forms, to be returned 
by Friday 16th October 1981 can 
be obtained with further 
particulars from the Personnel 
Officer, Plymouth Polytechnic, 
Drake Circus, Plymouth 
PL4 8AA. 


\ atala 


A RESEARCH ASSOCIATE 
position is available for at least two 
years in a group of six to eight people 
working on early mouse embryonic 
development. The work will involve 
cell membrane biochemistry, 
hybridoma fusion technique and cell 
culture of embryonic cells. Salary will 
be according to a German BAT Ila 
position and about 30.000, — to 
40.000, — DM per year. Application 
with the names of three references 
should be sent to Dr R Kemler, 
Friedrich-Miescher-Laboratorium 
of the Max-Planck-Society, 
Spemannstr. 37-39, D-7400 
Tübingen, W-Germany. (W434)A 


ad 





ORGANIC CHEMIST required for 


October 1, 1981, or as soon as 
possible thereafter, to join group 
studying mechanisms of carcino- 
genesis. The work involves planning 
and performance of syntheses, 
including radioactive labelled 
enzyme substrates. Some routine 
syntheses will be necessary, but 
opportunity exists for original work 
leading to publications. Experience 
in radiosynthesis would be advan- 
tageous, and working knowledge of 
modern spectroscopic methods (esp 
nmr) and hplc is essential. Position as 
technical assistant/scientific 
assistant depending on qualifications 
up to BAT Ha (52,000 DM). Appli- 
cations to: Prof F Oesch, Pharma- 
kologisches Institut der Universitat 
Mainz, D-6500 Mainz, BRD. (W432)A 
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COLUMBIA UNIVERSITY 


DEPARTMENT OF 
BIOCHEMISTRY 
CHEMIST/BIOCHEMIST 


A position is immediately available 
for a Staff Research Associate to 
work on a collaborative project in 
which the structure of Na/K-ATPase 
will be investigated by neutron 
diffraction. The applicant should be 
proficient in organic chemical 
synthesis, preferably the microscale 
preparation of isotopically labeled 
molecules, and have an interest in 
membrane biochemistry. A PhD in 
chemistry 1s preferred. 


Please send curriculum vitae and 
the names of two referees to: Dr 
Hagan Bayley, Department of 
Biochemistry, College of Physicians 
& Surgeons, Columbia University, 
630 West [68th Street, New York, 
NY 10032. 


Columbia University is an Equal 
Opportunity/Affirmative Action 
Employer. (NW9 10a) A 


UNIVERSITY 
OF NOTTINGHAM 


RESEARCH TECHNICIAN 
Grade 3 


Applications, male or female, are 
invited for the above position in the 
Department of Genetics, to assist 
with studies on genetic variation in 
enzymes. Minimum qualifications 
ONC or equivalent with experience in 
biochemical! techniques. 


This is a research funded post 
which is initially offered for a 
minimum period of two years. 


Current salary scale £4,672 to 
£5,473 per annum. 


Please write, enclosing a full 
curriculum vitae with the names of 
two referees, to Professor B C 
Clarke, Department of Genetics, 
University of Nottingham, 
University Park, Nottingham NG7 
2RD before the 5th October, 1981, 

(9609) A 
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ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
University of London 
DEPARTMENT OF 
NEUROLOGICAL SCIENCE 
SENIOR TECHNICIAN 


required to operate and maintain 
Fluorescence-Activated Cell Sorter 
plus attached computer in a group 
studying the immunology of 
myasthenia gravis. Applicants are 
sought with ingenuity/practical 
experience in instrumentation, 
computing, biophysics (eg. optics, 
lasers), electronics or cellular work. 


Post available for 5 years from | 
November 1981, based at the Royal 
Free Hospital, Hampstead. Salary on 
appropriate Whitley Council scale. 


Application forms and further 
details available from the School 
Secretary, RFHSM., 8 Hunter Street, 
London WCIN IBP (01-837 5385 ext 
54). Please quote ref JTT/ST. 
Closing date 2 October 1981. 

(958 1DA 
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BIOTECHNOLOGY 


Protein chemists and enzymologists with experience in 


conformational analyses of proteins, immunochemists 
or veterinarians interested in characterizing viral or 
protozoan antigens, and scientists versed in 
recombinant DNA technology are being actively 


recruited by CODON. 


Codon’s Genetic Engineering Laboratories, located just 
south of San Francisco, are offering employment 
opportunities at several levels. 


Send résumé in confidence to: 
Codon, 
430 Valley Drive, Brisbane, CA 94005. 
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UNIVERSITY OF THE 
WEST INDIES 
TRINIDAD 
Applications are invited for the post of 
LECTURER/ASSISTANT 
LECTURER IN PHYSICS 


in Geophysics/Earth Materials. Salary 
scales (under review): Lecturer 
TT$29,784 — $43,752 pa. Assistant 
Lecturer TT$24,156 — $26,484 pa. 
(£I sterling = TT$4.46). FSSU. Un- 
furnished accommodation or 
housing allowance. Family passages. 
Study and Travel Grant. Detailed 
applications (2 copies), including a 
curriculum vitae and naming 3 
referees, should be sent as soon as 
possible to the Secretary, University 
of the West Indies, St Augustine, 
Trinidad. 


Applicants resident in UK should 
also send 1 copy to the Committee for 
International Cooperation in Higher 
Education, The British Council, 
Higher Education Division, 90/91 
Tottenham Court Road, London 
WIP ODT. Further details are avail- 
able trom either address. 

(9597)A 





HARVARD UNIVERSITY 
ASSISTANT PROFESSOR 
CELLULAR AND 
DEVELOPMENTAL 
BIOLOGY 


The new CDB Department of 
Harvard University will be making an 
appointment at the Assistant Pro- 
fessor level during the coming 
academic year. The specific area of 
specialization within the area of 
cellular and developmental biology is 
less important than the candidate’s 
excellence. 


Complete applications and three 
letters of recommendation should be 
= sent by November 1, 1981 to Chair- 
person, CDB Search Committee, The 
Biological Laboratories, Harvard 
University, 16 Divinity Avenue, 
Cambridge, Mass. 02138. 

- Harvard University isoa 


opportunity employer. (NW872)/ 
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IMMUNOLOGY/ 
PARASITOLOGY 
THE GAMBIA 


For the Medical Research Council 
Laboratories in Gambia to work on 
mechanisms of immunity in human 
malaria. The successful candidate 
will be working with a team of 
medical scientists and will be based at 
the well equipped laboratories 
Fajara, near the capital Banjul, but 
he or she will also be expected to 
undertake some field work. The 
initial appointment will be for 18-21 
months at a salary according to 
qualification and experience, on the 
appropriate MRC scale starting at 
£6,070 (plus London and overseas 
allowances). 


Further details of the post and 
application forms may be obtained 
from Mrs A M Gillingham, Medical 
Research Council, 20 Park Crescent, 
London WIN 4AL, 


Closing date 26 October 1981. 
(9600)A 





UNIVERSITY 
COLLEGE CARDIFF 


DEPARTMENT OF 
BIOCHEMISTRY 


RESEARCH ASSISTANT 


Applications are invited from 
graduates of Biochemistry, Micro- 
biology or a related subject for the 
post of Research Assistant to work on 
a Cystic Fibrosis Research Trust 
funded project for 1 year in the first 
instance (renewable for 2 further 
years) with a salary of £5,285 pa. 
Duties to commence January 1982. 
The project, which will be supervised 
by Drs P Gacesa and N J Russell, will 
involve a study of the production of 
alginic acid by certain 
Pseudomonads isolated from the 
lungs of Cystic Fibrosis patients. 


Applications (2 copies) together 
with the names and addresses of two 
referees should be forwarded to the 
Vice-Principal (Administration) and 
Registrar, University College, PO 
Box 78, Cardiff CFI 1XL, from 
whom further details will be 
available. Closing date 23rd October 
1981. Ref: 2273, (9S80)A 





MEDELEC LIMITED __ 
NEUROPHYSIOLOGIST 


The new position of APPLICATIONS OFFICER (Scientific Advisor) f 
has been created in order to ensure MEDELEC’s leading position in — 
biomedical instrumentation. The position entails a very varied set of 
tasks to be largely determined by the incumbent, aimed at keeping 
pace with research developments in clinical physiology (especially 
use of EMG, EEG and evoked potentials) and communicating 
instrumentation requirements between the clinical world and 
Medelec’s Marketing and Research and Development sections. 
involvement in design and presentation of neurophysiclogical and 
instrumentation courses and seminars and extensive travel is 
envisaged. A very attractive salary, a company car, contributory 
pension scheme and relocation expenses are offered and excellent 


promotion prospects are envisaged. 


Applicants, who will probably have some post doctoral exnerience 
should send applications with usual details including a list of 
publications and 2 references to: 


Mr. M. S. Blackman, 
Personnel Manager, 
Medelec Limited, 

Manor Way, Old Woking, 
Surrey. 


POSTDOCTORAL POSITION 
to study 
LIPID-LIPID AND LIPID- 
PROTEIN INTERACTIONS BY 
MULTINUCLEI NMR 
SPECTROSCOPY 
Experience in membrane biophysics 
and/or familiarity with FT-NMR 
techniques desirable. 
stipend dependent upon experience 

{$16,000 minimum). 


Send curriculum vitae, three 
references, summary of previous 
research, and a statement of 
research interests to: Dr. W. J. 
Baumann, The Hormel Institute, 
University of Minnesota, Austin, 
Minn. 55912. 


University of Minesota is an Equal 
Opportunity Educator and Employer 
and specifically invites and 
encourages women and minority 
applications. (NIW906) A 























BEHAVIORAL 
ECOLOGIST 
The Department of Biological 
Science invites applications for 
an assistant professorship to 
begin 1 September 1982. 
| Responsibilities include 
| teaching an undergraduate 
course in ecology and an 
advanced course in ecology or 
behavior, The applicant will be 
expected to develop an active 
research program and to 
participate in the graduate pro- 
grame in behavioral ecology. 

Applications, including curri- 
culum vitae, reprints, names of 
at least three references, and a 
statement of plans for research 
and teaching, should be sent 
prior to 31 October 1981 to: 
Jerram L. Brown, Department 
of Biological Sciences, State 
University of New York, 
Aibany, New York 12222. 


The State University of New 
York at Albany is an Equal 
Opportunity/ Affirmative Action 
Employer. Applications from 
women, minorities, and handi- 
capped persons are especially 
welcome. (NWS909) A 
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YALE | 
UNIVERSITY | 


Department 
of 
Biology 


Yale University’s Depart- { 
ment of Biology seeks | 
applications for tenured. 
faculty positions in the @ 
following areas during | 
1981-82: Developmental i 
Genetics, Cell Biology of the f 
Nucleus and Plant Sys f- 
tematics. 


Duties for the positions @- 
include participation in both f- 
undergraduate andi 
graduate teaching andi 
management of a strong{ 
research programme. a 


Send c.v., résumé of past- 
and present research an 
the names of three referees. 
to: Executive Secretary, | 
Department of Biology, 
Yale University, PO Box 
6666, New Haven, C 
Deadline fo 
applications — January ` 
1982. Yale University isa 
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_. FACULTY POSITIONS IN 
~ CELL/DEVELOPMENTAL 
BIOLOGY 


pplications are invited for two 
nure-track faculty positions, one of 
ch will be at a senior professorial 
land the other one at the rank of 
stant professor. These positions 
be available in the summer of 


We encourage applications from 
-¢andidates with strong credentials in 
the areas of cell biology and cellular 
development. Faculty members are 
expected to develop strong, inde- 
‘pendent research programs in 
addition to instructing under- 
graduate and graduate students in the 
areas of cell and developmental 
biology. 


Applicants for the position of 
“assistant professor must have a PhD 
with postdoctoral training. Send 
curriculum vitae, a concise 
description of proposed research 


program, and arrange to have three | 


detters of recommendation sent 
‘directly by the referees to: Dr Chien 
“Ho, Department of Biological 
Sciences, Carnegie-Mellon 
“University, 4400 Fifth Avenue, 
Pittsburgh PA 15213. 


Inquiries, applications, or 
“nominations of candidates for the 
“senior appointment should also be 
_ directed to the above address. Review 
of applications will begin on 
“November 1, 1981. Carnegie-Mellon 
University is an Equal Oppor- 

tunity/ Affirmative Action Employer 
and encourages women and members 
of minority groups to apply for these 
` positions. 
: (NW9I14)A 








AWARDS 


MAJOR AWARD IN 
TROPICAL MEDICINE 


The Wellcome Trustees wish to 
encourage research into diseases that 
accur in the Tropics. An award of up 
to £200,000 is offered for a period of 
not more than 5 years. Applications 
concerning any relevant field will be 
eonsidered, but preference will be 
given to proposals which demon- 
strate an interdisciplinary approach. 
Collaborative studies between 
medical and other scientists based in 
the UK and others in the tropics or 
between established workers in 
tropical medicine and scientists 
working in subjects such as genetics, 
molecular biology, immunology, 
biochemistry or epidemiology, will 
receive equal consideration. 


This award is additional to the 
Trustees’ normal arrangements for 
supporting tropical medical research 
under which smaller grant applications 
can be considered. 


Applicants are requested to send a 
brief outline of their proposals before 
submitting a full application. Please 
quote reference No. N/T/81. 










Applications must be submitted on 
the appropriate form by 31st January 
1982. Please telephone or write for 
forms and any further enquiries to: 
Dr B M Ogilvie, The Wellcome Trust, 
| Park Square West, London NW1 
4LJ. Telephone: 01-486 4902. 
(9599)N 


ASSISTANTSHIPS 





THE UNIVERSITY OF 
MANCHESTER 


RESEARCH 
ASSISTANTSHIP IN 
EXPERIMENTAL PARTICLE 
PHYSICS 


Applications invited for Research 
Assistant post in the particle physics 
group to work with the Omega photon 
collaboration. This collaboration has 
a long term programme approved for 
the upgraded west area at CERN and 
the person appointed will be expected 
to spend part of his/her time at 
CERN, Geneva. Initial salary range 
£6,070 — £7,290. Superannuation. 


Applications, naming two referees 
to Dr R J Ellison, Department of 
Physics, The University, Manchester 
MI39PL. (9604)P 
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STUDENTSHIPS 





UNIVERSITY OF 
TECHNOLOGY 
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CASE 
STUDENTSHIP 


Applications are invited from 
candidates with a good honours 
degree in chemistry or a related 
subject for an SERC CASE studeni- 
ship to work on the analysis of the 
metabolites of dithiocarbamate 
pesticides. The work will be carried 
out in collaboration with the Agri- ` 
cultural Sciences Service, MAFF, 
Harpenden, and will include : 
chromatographic methods of © 
analysis and microbial studies. $ 
Applications giving details to Dr RM Yh 
Smith, Departmem of Chemistry. 
Leicestershire 


CONFERENCES and COURSES 





CALL FOR PAPERS 
Fourth international Conference on 
RESOURCE-CONSERVING, ENVIRONMENTALLY SOUND 
AGRICULTURAL ALTERNATIVES 
August 18-20, 1982, Massachusetts institute of Technology, Cambridge, 


Massachusetts (USA). 


Sponsored by International Federation of Organic Agriculture Move- 


ments. 


Papers are invited on significantly innovative alternatives of geograph- 
ically broad interest in the areas of non-chemical pest control, organic 
waste utilization, energy production and conservation, and soil-con- 


serving cropping systems. 


Abstracts (300-500 words) should be submitted by January 4, 1982, to: 
William Lockeretz, School of Nutrition, Tufts, University, Medford, 


Massachusetts 02155, USA. 


(NWSI9)C 2 












Keynote address by: Prof. Ephraim Katzir 
Weizmann Inst. of Science & The Biotechnology Center, Tel Aviv University, Israel 
on Biotechnology in Israel: Present and Future 


Speakers for the conference 


Dr. F. Ausubel: 


Harvard University 


Dr. F. A. Ruddile: 


Yale University 


International Genetic Sciences, Inc. is organizing an annual conference on 
INTRODUCTION OF GENETIC MATERIALS INTO EUCARYOTIC CELLS: 
PRESENT STATE AND FUTURE PROSPECTS 


Molecular Biology Of Nitrogen Fixation 

Or. H. Goodman: University of California, S.F. 
Structure and Evolution of Mammalian Human Genes 
Dr. A. Graessmann: Free University of Berlin 
Microinjection Turns A Cell To A Test Tube 

Dr. S. izhar Voicani Center, Israel 

Transfer of Cytoplasmic Genetic Elements in Plants 
Via Somatic Cell Fusion 

Dr. A. Loyter: Hebrew University l 

Use of Sendai Virus Envelopes As A Vehicie To 
Introduce DNA Molecules To Living Celis. 

Or. D. Papahadjopoules: University of California, S.F. 
Liposomes As A System For Delivering DNA To Ceils 


Dr. R. Rott: institute of Virology, W. Germany 
Fusion Of Influenza Virus Envelopes With Cell 
Membranes 


Gene Transfer In Mouse Embryos 

Dr. W. Rutter: University of California, S.F. 
Expression Of Eucaryotic Genes In Foreign Host 

Dr. J. Schell: Max Planck Institute, W. Germany 

Ti Plasmids As Experimental Gene Vectors For Plants 
Dr. R. Shimke: Stanford University 

Gene Amplification As A Means Of Obtaining DNA 
Synthesis 

Dr. D. N. Stacy: Roche Inst. of Molecular Biology 
Use Of Microinjection To Determine Structure- 
Function Relationship In Retroviral Oligonucleotides 
Dr. T. Wagner: Ohio University 

The Mammalian Male Pronucleus As A Vehicie For 
Embryo Transformation 


Cost of $450 includes room and meals. No registration fees. Number of participants limited to sixty. The conference 
to be held at the Harrison Conference Center, Glen Cove, L.L, N.Y. NOVEMBER 22-25, 1981 


Send to: 


Interested scientists, please send as soon as possible information including name. address, phone, present position and areas of interest. 


155-25 Styler Road * Jamaica, NY USA 11433 


(2) International Genetic Sciences, Inc. 
or call (212) 526-0400 
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>... IMPERIAL CANCER 
| RESEARCH FUND 
| Biomedical Computing Laboratory 
POST-DOCTORAL 
FELLOWSHIP 
for research on 
Computing tools for 
| molecular biology 
| required with extensive 
experience of interactive 
scientific computing to colla- 
borate on the design and imple- 
mentation of computing tools for 
research in molecular biology. 
There is particular interest in the 
development of artificial intelli- 
gence and statistical techniques 
to assist in the retrieval and 
analysis of data from DNA and 
protein sequence databases. 
Experience in these fields is not 
necessary but would be advan- 
tageous. The appointee will also 
|.bear some responsibility for 
liaison with laboratory scientists 
and for supervising the 
acquisition of software developed 
elsewhere. 
The ICRF is equipped with a 
recently installed DEC 2060 and a 
wide variety of software and pro- 
gramming languages are 
available. 
The appointment is for three 
years on the scale £7,700 to 
£9,750 (plus £967 London 
Allowance). Enquiries to Dr 
John Fox, Biomedical 
Computing Laboratory, 
imperial Cancer Research 
Fund, Lincoln's Inn Fields, 
London WC2A 3PX. Appli- 
cations including full curri- 
culum vitae and names and 
addresses of two referees 
should be sent to the 
Secretary, ICRF, address as 
above by 23rd October, 1981. 
(Quoting reference 139/81). 
(9539)E 

















































IMPERIAL CANCER 
RESEARCH FUND 


POSTDOCTORAL 
RESEARCH FELLOWSHIP 


Applications are invited for a three 
year, postdoctoral appointment to 
work on electron microscopic studies 
of the role of the cytoskeleton in the 
normal and pathological behaviour 
of bladder urothelium. Itis envisaged 
that the studies will rely especially on 
monoclonal antibodies against 
designated cytoskeletal components 
and on the development of new 
techniques for the electron 
microscopy of intracellular 
structures. Experience in electron 
microscopy is essential. 


Salary range £7,700 to £9,750 plus 
London Allowance of £967 a year, 
with entry point according to quali- 
fications and experience. 


For further information contact 
Dr G Hodges (tel 01-242 0200 ext 
313). Applications including full 
curriculum vitae and names and 
addresses of two referees should be 
sent to the Secretary, Imperial 
Cancer Research Fund, Lincoln’s Inn 
Fields, London WC2 by 30th 
Əctober, 1981. Quoting reference 
1467147/81. (9583)E 


24 September 1981 
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RESEARCH FELLOWSHIPS 


The Natural Sciences and Engineering Research Council announces a program of research fellowships 
tenable in universities and industries in Canada for 1982-83. Interested individuals:must be nominated 
by a university or industrial firm in Canada: applications submitted directly to NSERC by candidates 


cannot be accepted. 


Eligibility: Canadian citizens or landed immigrants holding a doctorate in scierce or engineering, 





FELLOWSHIPS 





Natural Sciences and Engineering 
Research Council Canada 


Conseil de recherches en sciences 
naturelles et en génie Canada 


CANADA 
1982 





preferably with postdoctoral research experience of 5 years or jess. 
Nature of Appointment: Fellows will be employees of the university or industrial firm for the duration of 
the award and will be engaged in research, development or innovation: activities. 
Duration of Appointment: Up to five years subject to Satisfactory performance. 
Remuneration: a) University Research Fellowships: NSERC will contribute up te 425,000 per annum 


towards the cost of each fellow’s sala 


and fringe benefits: fellows will aiso receive an 


annual research grant for an initial establishment period. 
b) Industrial Research Fellowships: NSERC will contribute up to $22,000 per annum 
towards the fellow’s salary and fringe benefits for the first three years and $10,000 per 
annum for the final two years. . 

Portability: Provided all parties concerned are in agreement, research fellowships ave portable from the 
university sector to the industrial sector and vice-versa. 

Application Procedures: Contact the Canadian university or industrial firm of your choice to carry out 


the appropriate negotiations concernin 
Nominations are submitted to NSERC 


research plans, terms of appoistment, salary, etc. 
y universities or industrial firms, as the case may 


be. Applications submitted directly to NSERC by candidates cannot be accepied. 
Deadlines: a) 1 November 1981 for University Research ellowships 
b) no deadline for Industrial Research Fellowships 


For more information contact: 
The Program Branch 


Natural Sciences and Engineering Research Council 


Ottawa, CANADA 
K1A OR6 


Telephone: (613) 993-2454 





UNIVERSITY 
COLLEGE 
DUBLIN 


DEPARTMENT OF 
BOTANY 


Applications are invited for a 


POSTDOCTORAL 
FELLOWSHIP 


in Mycology for an investigation of 
the role of mycorrhizal and 
associated fungi in the biological 
control of root pathogens of Sitka 
spruce. The appaintment which is 
supported by the National Board of 
Science and Technology will 
commence as soon as possible after 
September 1981. It is initially for one 
year with a possibility of renewal for 
a further two years. 


Salary will be on an incremental 
scale starting at IR £5,798 rising toIR 
£6,234. 


Applications, accompanied by a 
curriculum vitae and the names of 
two referees should be sent to: 
Dr M Stuart, Department of 
Botany, University College, Belfield, 
Dublin 4. (9569)E 


Canada 
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GRANTS and SCHOLARSHIPS 







Readvertisement 
Mental Health Foundation 


DESIGNATED RESEARCH > 
GRANT 


The Mental Health Foundation invites applications for awards- 
totalling up to £75,000 over 3 years for research to be carried out 
in the United Kingdon into THE TREATMENT AND 
PREVENTION OF CHRONIC PSYCHIATRIC DISABILITIES, 
The award is expected to cover the salary of a Senior Research 
Worker and associated costs. |= 
Priority will be given to research carried gut in a clinical context. cE 
Closing date for completed applications: March Ist 1982 a 
Application forms and further information may be 
obtained from: The Secretary, The Research Committee, | 
Mental Health Foundation, 8, Hallam Street, London WIN- 
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Godfrey Lang Lid, London WCIR 4EB and The William Byrd Press inc., Richmond, Virginia., 





Nature Vol. 293 24 September 1981 


FELLOWSHIPS 


Training Fellowships 





C H BEST FOUNDATION 
POSTDOCTORAL 
FELLOWSHIP 
In Diabetes Research, Molecular 


= = ie an : 
in Recombinant Endocrinology, Molecular Biolosy 


ture and Function of Membrane or 


D N A T e C h n O l O Lipid Metabolism. Tenable for 2 years 
gy after July 1, 1982 with a competitive 


stipend plus travel allowance. 


Applications are invited for fellowships for any period from 6 months to three years from Available to new PHD’s or candiates 
scientists requiring training in recombinant DNA techniques. Applicants may be young with less than 2 years post-doctoral 
postdoctoral scientists (or those just completing PhD’s) or more mature scientists with training by June 30, 1982. 


established reputations in other areas wishing to enter this field. Permanent academic staff with 
leave of absence may apply. These fellowships are tenable 


Send curriculum vitae, transcripts 
and three letters of reference prefer- 


Dr C-H Siu, Search Committee 
Chairman, Banting and Best Depart- 


in any UK institution offering training appropriate to the ‘ 
applicant's needs. UK residents currently working abroad abiy belore November 15, 1961 to 
may apply. 

Application forms and further details may be ment of Medical Research, University 
obtained from: Training Awards Group 20 Park of Toronto, Toronto, Canada M5G 
Crescent, London W1N 4AL (Tel: 01-636 5422 ext 448). 1L6. (NW900)E 


Closing date for receipt of applications 15 March 


Medical Research Council 1922. 


THE FLINDERS UNIVERSITY 
OF SOUTH AUSTRALIA 


School of Biological Sciences 


Research Fellowship 
in Biology 


(Re-advertisement) 


Applications are invited from suitably qualified persons for a Research 
Fellowship tenable within any of the fields represented in the School of 
Biological Sciences of the University. The Research Fellowship, which 
is available from March ist, 1982 s tenable initially for one year but 
application may be made for an extension of up to a further twelve 
months. Applicants should have completed a PhD degree prior to 
taking up the appointment, or have had equivalent research 
experience. 

The appointment will be made according to qualifications and 
experience within the salary range $A17,083 — $A19,570. Person with 
a PhD will normally be appointec on the third step (A$18,080). A 
contribution will be made towards tne travel costs of the Fellow and his 
dependents in taking up the Fellowship. 

The School of Biological Sciences is an integrated school, without 
sub-divisions into separate departments. Research conducted in the 
Schoo! includes the following fieids of study: Behavioural Biology 
(drug-tolerance, neuro-transmitters and sex differences), Biochemistry 
(regulation of growth, carcinogenesis, tumour promotion, control of 
DNA synthesis, chromatin substructure, cytokinins, phytochrome 
actions, xenobiotic metabolism), Biophysics (energy conservation in 
photo-synthesis, fast movements n plants, solute transport by plant 
glands, vision physiology and anatcmy), Developmental Biology (germ 
plasm in Anura, reproductive embryology, axis formation in 
amphibians), Genetics (population genetics, radiation and chemical 
mutagenesis, genetics of Drosephila compound chromosomes, 
Drosophila development), /mmunology (mechanisms of self-tolerance, 
and of autoimmune disease), viral pathogenesis, gene structure and 
genetic control of recombination in Neurospora), Animal Physiology 
(locomotion, environmental physiology of native vertebrates, 
responses of liver and abdominal nerve receptors to various stimuli), 
Plant Physiology (structural and functional relationships between the 
plant embryo and surrounding tissues, environmental physiology of 
alpine plants), Population Biology (ecological and genetic studies, 
biology of smut fungi), Marsupial 3iology and Palaentology. 

Further details concerning the staff of the School and their fields of 
interest are obtainable from the Registrar, The Flinders University of 
South Australia, Bedford Park, Scuth Australia, 5042. 

Applications, including full personal details, details of academic 
record and publications, a brief outline of research interests and names 
of at least two referees, should be lodged /n duplicate with the Registrar 
by October 20th 1981. Each applicant should ask his or her referees to 
forward their reports directly to the Registrar before the closing date. 


Applicants are requested to quote Ref. NAT. (9585)E 
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UNIVERSITY OF COLORADO 
Visiting Faculty and Postdoctoral Fellowships for research in 
ATMOSPHERIC AND CLIMATIC DYNAMICS, 


ENVIRONMENTAL AND ATMOSPHERIC CHEMISTRY 
ENVIRONMENTAL BIOCHEMISTRY AND GEOCHEMISTRY 
One year awards offered by the Cooperative Institute for Research in 
Environmental Sciences (CIRES). Awards may be made to senior scientists, 
including those on sabbatical leave, or to recent PhD recipients. Stipend is 
scaled to experience, and the program is open to scientists of all countries. 
CIRES is supported by NOAA and the University of Colorado. 


Applications for the 1982-83 academic year awards should be sent to: The 
Director, CIRES Visiting Fellows Program, Campus Box 449, University of 
Colorado, Boulder, Ce'oradoa 80309 USA, before December 1, 1981 and 
should include a vitae, publications list, and a brief outline of the proposed 
research. In addition applicants should request that three persons familiar with 
his or her qualifications send letters of recommendation by December 1. The 
University of Colorado is an affirmative action/equal opportunity, section 
540, employer. (NW908}E 


ESO FELLOWSHIPS 1982-1983 


The European Southern Observatory (ESO) intends to award up to six 

fellowships tenable in the ESO Scientific-Technical Center which is 

located in Garching near München. 

The main goals of the Center are as follows: 

- to carry out a program of development of auxiliary instrumentation for 
the La Silla telescopes; 

- to develop plans for future telescopes involving new technology; 

- to make studies in observational and theoretical astrophysics so that 
the observing facilities may be used in an optimal way; 

- to provide data reduction facilities to users of the ESO instruments; 

- to provide photographic facilities for atlases of the southern sky; 

- to foster cooperation in astronomy and astrophysics in Europe. 

Most of the scientists in the Center come from the Member States of 

ESO, but several are from other countries. At present, the Member 

States of ESO are: Belgium, Denmark, the Federal Republic of 

Germany, France, the Netherlands and Sweden. in addition to regular 

staff members, the Center comprises visiting scientists and post- 

doctoral fellows. 

ESO facilities include the La Silla Observatory in Chile with its six 

telescopes in the range of 0.9 to 3.6 m, as weil as a 1 m Schmidt and 

some smaller instruments. In Garching, extensive measuring, image 

processing and computing facilities are available. 

Applicants normally should have a doctorate. The monthly salary will 

be not less than DM 3293. The fellowships are granted for one year, 

beginning October 1, 1982, with good possibilities for renewal for a 

second year. Applications should be submitted to ESO not later than 

December 31, 1981. Applicants will be notified by the end of February 

1982. The ESO Fellowship Application form should be used and be 

accompanied by a list of publications. In addition, three letters of 

recommendation should be obtained from persons familiar with the 

scientific work of the applicant. These letters should reach ESO not 

later than December 31, 1981. 

Enquiries, requests for application forms and applications 

should be addressed to: 


European Southern Observatory 
Fellowship Program 
Karl-Schwarachild- Strasse 2 

D - 8046 GARCHING B. München 
Federal Republic of Germany 


INTERNATIONAL CONFERENCE 
ON SPACE-TIME ABSOLUTENESS.- 


The International Conference on Space-Time Absoluteness (ICSTA), of which | was 
organizer, was due to meet in Bulgaria in 1977, however it was prohibited by the Bulgarian 
government. Twenty days before the opening date of the conference, | was imprisoned in a 
psychiatric clinic (where my political and scientific disent had already twice been forcedly 
cured in 1966 and 1974) and the Bulgarian KGB sent telegrams informing all participants that 
the conference had had to be postponed because of “fear for an earthquake”. The whole 
scandalous story of ICSTA-1977 was reported in many European and American journals 
(including Mature 271, 296; 1978) and in the amusing booklet of one of the conference 
participants, Dr Hilton Hinderliter, entitled The Earthquake Story (Bible Science, 
Minneapolis, $1). 


In the years following the strangled ICSTA-1977 conference, there have been many changes 
in space-time physics, although most physicists and astronomers continue to adhere to the 
opinions of Einstein, neglecting the firm experimental support of the absolute conception. 
Since 1977 many of my experimental and theoretical papers have been published 
(predominently in Found. Phys. and Phys. Lett. A) as well as the monograph 
Eppur Si Muove (Centre Belge de la Documentation Scientifique, Bruxelles, 1977, $23), 
where almost all of my experiments are described. 


The crucial ones are the deviative “coupled-mirrors” experiment (Sofia, 1973) and the 
interferometric “coupled-mirrors” experiment (Sofia, 1975) for measurement of the absolute 
motion of the Earth in a closed laboratory. In six months of measurements, | established the 
magnitude of the Sun's absolute velocity (303+ 20 km s-1) and the equatorial coordinates of 
its apex (5 = 23°+ 4° Q = 14h 17™ + 20min), Besides refuting the principle of relativity, 
this experiment has also refuted the principle of equivalence. Indeed, | established that the 
kinematic acceleration of the laboratory leads to a change in its absolute to a change in its 
can be made between these two accelerations. On the other hand, | showed that, because 
of the velocity dependence of the gravitational potential (the electric potential not being 
velocity dependent), the time energy of the particles (the rest plus the kinetic energy) is their 
gravitational energy combined with the mass of the whole world, a conclusion which 
follows directly trom the fundamental equation of motion in gravimagretism — the “Newton- 


1979, | measured the unidirectional light velocity with an experiment which took a week to 
build in a second-class workshop (see the account in Spec. Sci. Techo. 3, 57; 1980). 
It is amazing that during the past century scientists (beginning with Michelson and Miller and 
continuing through today’s American and Soviet lions) could not invent and carry out such a 
childish experiment 

Many scientists have realized that the Marinov transformation of the space and time 
coordinates is the only unconditionally explanation applicable to physical reality, while the 
Lorentz transformation is applicable only conditionally and if treated from an absolute point 
of view. Finally, my discovery that any particle is attached to absolute space through its 
proper mass, that is, that the velocity v included in the proper mass equation 
Ma = mil -v?/c}-* is not the velocity of the particle in the inertial frame but its 
absolute velocity, was confirmed by the experiment of Werner, Staudenmann, and Colella on 
the Sagnac effect with neutrons (1979). Because not only the massless particles (photons) 
and the massive particles (neutrons) but even the phonons are attached to absolute space 
through their proper masses, the conception of an “aether” as a physical medium in which 





light propagates like “sound in the air” must be rejected. Let us not forget that two groups of 
scientists (in Princeton and Berkeley) have measured the anisotropy in the cosmic 
background radiation. The value for the Earth’s absolute velocity, with respect to the frame 
of reference in which the cosmic background radiation is isotropic, obtained by the Princeton 
group, was almost the same as my previously registered figure. Thus one has to conclude 
that the cosmic background radiation is isotropic with respect to absolute space. 

Under pressure of this experimental evidence, the relativistic conception must crumble. 
However, as so often happens in history, canonized dogmas appear more powerful than 
plain truth and people are afraid to admit that the king is naked. All my efforts to restore 
absolute space and time at the previous international space-time conferences (Waterloo, 
1977; Bern, 1979; Trieste, 1979; Jena, 1980) have met a firm and well-organized resistance. | 
was not allowed to demonstrate my experiments in Bern and Jena. The culmination was the 
promulgation of my Ten Jena Commandments when the International Programme 
Committee of GRY undertook drastic action similar to that undertaken by the police of Mao's 
pupils against the dadzi-baos of the Chinese dissidents. My Ten Jena 
Commandments Story was published in the Bull. Tych. Soc. 30, 8 (1981), 
the only scientific magazine of large circulation which gave it space. In March 1980 | wrote 
to the Nobel Committee in Stockholm to say that | was ready to demonstrate to the Swedish 
Academy of Sciences the positive effect in my absolute-velocity experiments. The answer 
came back that the Committee would wait for the opinion of the world experts. Curiously 
enough, one cannot hear this opinion (see note added in proof in my paper Gen. Rel. 
Grav. 12, 57; 1980). 


At this point | can see that the only way to restore confidence in the absolute space and time 
theory is to organize ICSTA-1982. The appeal remains the same as that of ICSTA-1977 (see 
New Scientist, 23 September 1976, p.862). Through this advertisement | would like to 
ask Acad. A. Sakharov in Gor’ki to consent again to be patron of the conference. After my 
visit to Sakharov in February 1978, | could not make any further contact with him. However, 
by writing to him | have earned a huge amount of money. The method is very simple and | 
recommend it to every one who needs money. | send to Sakharov letters insured for $4 and 
sealed up with red wax. As the letters are not delivered, the Italian postal service pays me 
the insurance of 1,000 gold francs (about $300). Persistence over 2-3 years means thet one 
can buy a splendid villa on the Italian coast, as | intend to in the near future. Besides being an 
easy and sure way of getting rich, this method (if it were applied by 2 or 3 million people) will 
lead to one of the following three very effective and far reaching results: (1) financial 
bankruptcy of the totalitarian Soviet State, (2) expulsion of the Soviet Union from the 
International Union of Postes and Telecommunications, or (3) normal delivery of the post to 
the Soviet citizens, while the thousands of KGB-agents in the post-offices will only touch, 
smell and lick the red wax seals on the insured letters (as a rule, | put 13 seals) and very soon 
all this army of drones will be fired. 


ICSTA-1982 will meet in Genoa, Italy, 8-11 July 1982. The participation fee is $80. Any 
speaker must submit an abstract, not exceeding 1,200 letters, of his report. Each minute of 
the speech wil cost $3. The cost of the speech sould be sent with the participation fee to: 
Dresdner Bank, Hamburg, 8.R.D., Konto No. 89 676 508, or by a 
cheque to: Organizzazione Internazionale Congressi, via Puggia 47, 
/-16131 Genova, which is the administrative office of ICSTA. | am the scientific 
organizer and have the same address in Genova, phone (10)31.59.78. Different classes of 
hotets will be available. Low-income applicants should send insured letters to Sakharov (one 
receives the insurances in about 6 months). Anyone who would like to take part in the 
Programme Committee must contact me. Any advice, suggestion, moral and financial help is 
welcomed. 


Stefan Marinov 
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Obtain superior electrofocusing results 
for a fraction of the cost and time of 
running older systems. High perform- 
ance electrofocusing lets you analyze 
well over 600 samples per bottle of 
Ampholine with improved resolution 
due to the elimination of thermal gra- 
dients in the gel. 





Choose between two preparative tech- 
niques. Purify up to gram quantities of 
even crude samples with preparative 
electrofocusing. Alternatively, try pre- 
parative isotachophoresis with its 
stacking principle to get good resolution 
at much lower cost. 


Six reasons to buy a Multiphor 





Quantitate proteins by Laurell rockets 
or run any popular immunoelectro- 
phoretic technique. The new Mini 
Electrophoresis Kit costs only half the 
price of the origina! kits yet gives you 
everything you need to get started with 
agarose and immunoelectrophoresis. 





Produce titration curves of your sample 
mixtures to gain information about sta- 
bility, heterogeneity, interactions, pl, 
and the best pH for purification. 
Simultaneously display the electro- 
phoretic mobility versus pH of every 
component in a single experiment with 
the new Titration Curve Kit. 
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Determine the molecular weights of 
native proteins with high resolution 
using ultrathin-layer gradient gel 
electrophoresis and our new miniature 
gradient former. Or perform conven- 
tional SDS and polyacrylamide gel 
electrophoresis with the original SDS/ 
PAGE Kit. 


When you want the versatility to perform a 
wide variety of electrophoretic techniques, you 
need the Multiphor System. Now with an ex- 
panded range of capabilities, the Multiphor 
provides unparalleled flexibility, superior de- 
sign and complete technical support. 

Chosen by more researchers throughout the 
world than any other, the Multiphor System 
offers unbeatable value for money. 

Isn’t it time to update your present Multiphor 
or to consider adding a second system this year? 
Contact your local representative today and 
discover how little it costs to gain a lot of ver- 


satility. 


———— 
L nial Circle Ne 





Map complex protein and peptide mix- 
tures with two-dimensional electro- 
phoresis. Combine high performance 
electrofocusing in the first dimension 
with ultrathin-layer gradient gel 
electrophoresis in the second, using the 
latest procedure developed by Görg et.al. 


and the new 2-D and Gradient Gel Kit. 
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Head office: LKB-Produkter AB, Box 305, S-161 26 Bromma, Sweden. Tel. 08-98 00 40, telex 10492 i 
Main US sales office: LKB Instruments, Inc. 12221 Parklawn Drive, Rockville, MD 20852. Tel 301-881 25 10, telex 230 89 682 
UK sales office: LKB Instruments Ltd., 232 Addington Road, S. Croydon, Surrey CR2 8YD, England. Tel. 01-657 8822, telex 264414 
Other sales offices in: Athens (for Middle East), Copenhagen, Ghent, The Hague, Hong Kong, Munich, Paris, Rome, Turku, Vienna 
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The first tissue culture media sterilizable by autoclave 
-An Important Innovation by NISSUI, JAPAN 





10 years have passed since NISSUI successfully developed to | NISSUI’s powdered Tissue Culture Media Steri- 
et the patents of powdered tissue culture media in Japan which : te 
get the patents of powdered tissue culture media in Japa y lizable by Autoclave include: 
can be directly sterilized by autoclave. ¥ 


NISSI I's most advanced tissue culture media offer you a è EAGLE MEM 
convenient procedure for a large quantity to be autoclaved at 
once without destroying or inhibiting its supporting function e RPMI 1640 MEDIUM (2 
for cell growth. NISSUI's media just meet today’s needs such as è EAGLE BME 
in interferon research. x 
NISSUI, a pioneer of tissue culture, is working on further @ DULBECCO'S MODIFIED 


for important innovation. EAGLE MEDIUM 


AN 
<e> NISSUI SEIYAKU 


For further details of autoclave sterilizable tissue culture media, please write to; 
NISSUI TISSUE CULTURE MEDIUM DIVISION 2-5-11 KOMAGOME, TOSHIMA-KU, TOKYO 170 JAPAN TEL (03) 918-8166 TELEX272234INSYAKU 
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GEOMICROBIOLOGY JOURNAL: 

An International Journal of 
Geomicrobiology 

and Microbial Biogeochemistry 

Edited by Henry L. Ebrlick, Rensselaer Polytechnic 
Institute 

Focuses on the microbial transformation of materials comprising the 
earth's crust, including oceans, seas, lakes, bottom sediments, soils, and 
rocks. 

issued Quarterly: Volume 3 (1982) $60.00 





BIOLOGICAL OCEANOGRAPHY JOURNAL 
Edited by Richard L. Haedrich, 

Memorial University of Newfoundland 

Deals with all ecological aspects of life in the sea, including primary and 
secondary production, biogeography, natural history, and physiology. 
Issued Quarterly: Volume 1 (19872-1982) 860.00 


OCEAN DEVELOPMENT AND 
INTERNATIONAL LAW: The Journal of 
Marine Affairs 

Edited by Daniel S. Cheever, University of Pittsburgh 


Focuses on all forms of ocean utilization and regulation which have 
international implications, 
Issued Quarterly: Volume 10 (1981-1982) $56.00 


COASTAL ZONE MANAGEMENT JOURNAL: 
Environment, Resources, and Law 


-> Edited by Mare J. Hershman, University of Washington 


Explores the technical, legal, social, and political issues involved in the 
management of the resources found in coastal zones. 
Issued Quarterly: Volume 9 (1981-1982) $48.00 


MARINE GEOTECHNOLOGY: An 
International Journal of Seafloor Science 
and Engineering 

Edited by Adrian F Richards, Lehigh University 


Studies all scientific and engineering aspects of sediments and rocks on 
the ocean floor. 
Issued Quarterly: Volume 5 (1981-1982) $60.00 


MARINE MINING: The Journal of Sea-Floor 
Minerals—Exploration, Assessment, 
Extraction, and Ore Processing 

Edited by J. Robert Moore, University of Texas 

Publishes research papers on topics relevant to scientists and engineers 
in the field of marine mining and related areas. 

Issued Quarterly: Volume 3 (1981-1982) $48,00 


MARINE GEODESY: An International 
Journal of Ocean Surveys, Mapping, and 
Sensing 

Edited by Narendra K. Saxena, University of Hawaii 
Focuses on the interface of the marine sciences, the geosciences, and 
the space sciences. 

Issued Quarterly: Volume 6 (19825 $60.00 
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MEMBRANE BIOCHEMISTRY: 

An International Journal on the 
Biochemistry 

and Biophysics of Membranes 

Edited by Adil E. Sbamoo, University of Maryland, and 
George Sachs, University of Alabama 

Studies the interdisciplinary field of membrane research, with a focus on 
the biochemistry and biophysics of membranes. 

issued Quarterly. Volume 4 (1981-1982) £76.00 


FIBER AND INTEGRATED OPTICS 

Edited by Henri Hodara, Tetra Tech, Inc. 

Developments in laser semiconductors, low loss optical fibers, and inte- 
grated transmitters and receivers are covered in this interdisciplinary 
journal, 

issued Quarterly: Volume 4 (1981-1982) 870.00 


DIGITAL SYSTEMS FOR INDUSTRIAL 
AUTOMATION: An International Journal 
Edited by Igor Aleksander, Brunel University 

Fills the gap between theoretical and computational studies in artificial 
intelligence, pattern recognition, microprocessor-based schemes, and 
the need for industrial automation. 

issued Quarterly, Volume 1 (1981-1982) $70.00 


ENERGY SYSTEMS AND POLICY: 

An International Interdisciplinary Journal 
Edited by $. William Gouse, Jr, The MITRE Corp. 
Considers all aspects of energy systems, from sources to ultimate con- 
sumption, along with the constraints that operate on our energy sys- 
tems. 

issued Quarterly: Yolume 6 { 1981-1982) $56.00 


ENERGY SOURCES: An International 
Interdisciplinary Journal of Science 

and Technology 

Edited by TF Yen, University of Southern California 
Works toward the development of new trends and solutions to the 


worldwide shortage of energy. 
Issued Quarterly: Volume 6 (1981-1982) $60.00 


THE INFORMATION SOCIETY: 

An International Journal 

Edited by Joseph Becker, Becker & Hayes, Inc. 

Provides a forum for commentary and discussion of the world of 
information — transborder data flow, regulatory issues, the impact of the 
information industry, and information and the sovereignty of the public. 
Issued Quarterly: Volume 1 (1981-1982) $48.00 


Crane Russak publishes additional leading journals in the social 
sciences, particularly international affairs. Please write to the 
Journals. Manager for information about any of our present and 
forthcoming journals. Circle No.40 on Reader Enquiry Card. 
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New versatility in polyacrylamide gel electrophoresis 


Basic PAGE technique has now expanded to include many a 


successful modifications of the methodology. Performance eee 
of all of these PAGE techniques and coverage of all stages 
in the procedures demands a highly versatile equipment =i | pim 








system. Look to Pharmacia for a system 
of unrivalled versatility and reliability. 1 med 









A 72 page book gives complete 
Jakanas methodologies and Je e om 
i EAE ror - Two size options in electrophoresis apparatus, each with variable 
many electrophoretic buffer circulation and high efficiency cooling, are complemented by 


techniques which a reliable power supply. 
can be performed 


using the equipment 
shown here. 
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= High and Low Molecular Weight Calibration Kits 
are available for convenience in molecular weight 
estimations. 





Complete your 
work by de- 
staining and 
drying with 
reliable, 
matched 


Cast your own gels or 
choose from a range of 
ready made gradient 
gels for simple, repro- 
ducible high resolution 
work 
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Improvements in isoelectric focusing 


New concepts of high voltage focusing and volthour integration added to 
significant improvements in carrier 
ampholytes and agarose support media 
have made Pharmacia the new leader in 
IEF technology. Pharmacia’s System has 
been designed with one aim—to extend 
the scope of this high resolution 
technique. 






The 3000 volt power supply ECPS aaa The Flat Bed Electrophoresis apparatus FBE 3000 
3000/150 gives you more speed = "=. combines the latest design features, including 
and resolution with your IEF work. mth, i outstanding cooling capacity, for IEF, preparative 
Digital display of volts, current or a IEF and immunoelectrophoresis with minimum 
power gives you more control and investment. 
ease of operation 
The Volthour Integrator VH-1 monitors and displays 
elapsed volthours—the clearest parameter of an IEF _—— Pharmalyte® carrier ampholytes 
experiment. Now record, report and repeat your Sas Agarose IEF and Sephadex” IEF 
work with high precision. rani are specially formulated 
The Pharmacia pl Calibration Kits allow == to give you improved 
easy and accurate determination of pH bien = results at analytical or 
gradients pa PN -E preparative scale 
ihc Taif] a 
- Hoven ss A e 
Daxa 
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e High Capacity 

Low cost ($70/gm; $280/5 gm) 

e Binds > 90% of [7H] mRNA 

e Low non-specific binding 

Lot analysis data with each purchase 
Free vial of VRC with purchase * 


© 


© 
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The Message--AAAAAA: 


some researchers are under the mistaken impression that the first company to produce 
Oligo (dT) Cellulose must be the best source of this product. 


BRL challenges this notion! 


We are so confident that our Oligo (dT) Cellulose will meet your needs that we guarantee 
your satisfaction. 


The Offer: 


As an incentive to try our Oligo (dT) Cellulose, BRL will give you a free* 5 mi vial of Vanady! 
Ribonucleoside Complex (VRC), the powerful transition state analog inhibitor of 
ribonuclease, useful in the preparation of intact mRNA (Berger, S. L. et. al. J. Biol. Chem. 
295; 2955-2961, 1989). Complete usage instructions for the VRC will be provided. 


Ordering Information 










To Order 








Product BRL No. Size Quantity Price 





Contact Customer Service Department Oligo (dT) Cellulose 59405A 1 gm 1-4 $ 70.00 
800-638-8992 5+ 66.50 

5940SB 5gm 4-4 $280.00 

5 +- 266,50 

Vanadyl Ribonucieoside 55225A 5 mi 4-4 § 25.00 


Complex (VRC) 54 23.75 
40+ 22.50 


—s§ Bh DER B® | 
: d € A * Free VRC offer is good through December 34, 1981. 








- Bethesda Research Laboratories, inc. BRL GmbH BRL Bethesda Research Laboratories (UK) Lid. 
P.O. Box 6009 « Gaithersburg, MD 20877 Offenbacher Strasse 143 P.O. Box 145 + Science Park 
in Maryland: (301) 840-3000 6078 Neu Isenburg « West Germany Cambridge » C84 4BE England 
Telex: 908750 BRL GARG Telephone: 06102-3206 Telephone: (223) 315504 
Technical Services. Telex: 447699 BRLNI D Telex: 848710 BRLCAM G 
800-638-4045 
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Is this the great crash of 1981? 
Trade-off on missiles 


NEWS 


US chemical weapons production plan 
UK universities to tackle new minister 
International nuclear agency 

More science cuts 

Heidelberg cancer centre 

Polish higher education 

Hidden spectre 

Research sponsorship 

Commission man 

UK industry fights genetic guidelines 
European space industry 

US-Soviet exchanges 

Attack on refusniks 327 


CORRESPONDENCE 


Neutron bomb/Toxic olive oil/ 
Leeuwenhoek’s old specimens/Coal 
and nuclear power 


NEWS AND VIEWS 


Gene families, hopeful monsters and the 
selfish genetics of DNA (M Robertson) 
Ancient astronomers of the New and Old 
Worlds (A Burl) 
Extragalactic jets: facts and fancies 
(P Scheuer) 
Exploiting geomagnetic data 
(S R C Malin & D R Barraclough) 
Plasma diagnostics in an astrophysical 
setting (D J Helfand) 
New discoveries from the interstellar 
laboratory (E N Rodriguez Kuiper) 
Why study palaeoecology? (A Hill) 
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NEW JOURNALS’ 
REVIEW 


This issue contains reviews of new journals 
which have appeared between January 
1978 and May 1980. An introduction to the 
reviews is on p.343, and an index to the 
journals covered on p.369. 


MISCELLANY 


100 years ago 338 
New onthe market Xxxi 
Announcements XXXiv 
Books received XXX¥ 
Classified advertising XKXXvi 
Test-tube babies 1981 


The contents page for last week’s Nature 
(24 September) should have referred to 
the article ‘Test-tube babies, 1981° by 

R G Edwards, Vol. 293 pages 253-256. 


0028 0836/31 /40000C -02301.00 








| N A Jenkins, Is G ope jand, 
B A Taylor & B K Lee 





Dilute (d) coat colour mutation of 
DBA/2J mice is associated 

with the site of integration 

of an ecotropic MuLV genome 
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Cloning of a representative genomic K A Davies, B DY oung, 
library of the human X chromosome R G Eles, M E Hill 
after sorting by flow cytometry & R Williamsen 


P C Frisch 
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The nearby interstellar medium 


Evidence for an X-ray period 
in in the ‘Sco-like’ source 280614 + 091 





decametric emission 
and interplanetary scintillation 
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The generation mechanism 
for magnetosheath lion roars 





On the validation of one-dimensional 
CFC-ozone depletion models 


maaasahan baba agia u anni Rae rrr AA REY ATA ganged we BAY aap RINE n 


Climatic signal of ice melt 
features in southern Greenland 


&AE J Eggleton 
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&CC Langway Jr 
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Ice age aerosol content from 








East Antarctic ice & A Royer 
core samples and past wind strength | 
Palaeotidal speeds and ranges J R L Allen 


estimated from 
cross-bedding sets with mud drapes 
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Predator evasion as an explanation 
of diurnal vertical 
migration by zooplankton 


Visual orientation behaviour of flies 
after selective laser 
beam ablation of interneurones 
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Production of infectious Epstein-Barr 
virus in mouse lymphocytes 
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Chi, a promoter of generalized 
recombination in A phage, is 
present in immunoglobulin genes 


Glucocorticoids and benzo(a)pyrene 
have opposing effects 
on EGF receptor binding 


B Volsky & I M Shapiro 





& 1B Weinstein 


Generation of long mRNA for BM Tyler, “A F Cow man, 
membrane immunoglobulin J M Adams & A W Harris 
y2a chains by differential splicing 








Purified human growth hormone 
from E.coli is biologically active R N Harkins, C Snider, 
W H Kohr, M J Ross, 
D Fodge, G Prender 

& N Stebbing 


“N Marshall & J M Milit 


y Ivanovic 
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Amersham offers 
‘end labelling kits 
which give you: 


Convenience 
All the reagents needed to label DNA in one kit. 








Flexibility 

Amersham’s kits are available with or without 
cordycepin 5'-|a@-32P]|triphosphate for maximum 
economy of label. 


Efficiency 
Labels all 3 types of 3’-end — protruding, blunt and 
recessed. 


Simplicity 
Few pipetting steps. 
Easy to handle volumes. 


Quality 

All batches of our kit are subject to rigorous quality 
control. A copy of the autoradiograph, obtained 
after labelling the standard DNA provided in a 
Standard reaction, is supplied with each kit. 


PB.4025 Non-radiocactive reagents + 250uCi cordycepin 5°- |a-3#P| triphosphate 
sufficient for 5 standard 3’-end labelling reactions 


PB.4100 Non-radioactive reagents + I1mCi cordycepin 5'-|a-32P} triphosphate, 
sufficient for 20 standard 3°-end labelling reactions 


N.4005 Non-radioactive reagents only suffiment for 5 standard 3'-end labelling 
reactions 


N.4020 Non-radioactive reagents only — sufficient for 20 standard 3'-end labelling 
reactions 


Please call Amersham or your local representative 
for further details of our kits. 





Amersham International Limited, Amersham, England Telephone 024 04-4444 

In the U.S.A. and Canada, Amersham Corporation, Illinois 60005 Telephone 312-364-7100 
and 800-323-9750 (Tollfree) 

In W. Germany, Amersham Buchler GmbH & Co KG, Braunschweig Telephone 05307-4691 
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eHow Britain 
= runs its Science 
eHow the US 

runs its Science 


These two new Nature 
walicharts are now 
available. 


The 2 x 3 ft. guides offer a 
comprehensive survey of the 
administration of science in 
Britain and the US, showing the 
interlocking relationship 

between science, engineering and 
medical establishments. 

Designed as fold-out sheets, the 
wallcharts can be carried easily to 
meetings or hung as posters for 
permanent reference. 

The new 1981 wallcharts are 
available at £3.50 or $7.95 each 
from Nature’s offices in London, 
Basingstoke and New York. 
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Is this the great crash of 1981? 


No doubt it is simply coincidence that the fall of the stock 
markets in London, Hong Kong and New York last week should 
have come on the eve of the annual meeting in Washington of the 
International Monetary Fund and of the World Bank. The 
meetings were planned well over a year ago, while the stock 
markets could have slumped at any time. The coincidence is, 
however, timely, for some of the issues argued out this week in 
Washington also underlie the collapse of confidence in the 
financial communities of the world. And although the ways of the 
financial community are commonly supposed, by other 
professional people, to be either irrational or deliberately 
wayward, the behaviour of the financial markets on this occasion 
has a profound bearing both on the aspirations of the technical 
community and on its well-being in the future. Indeed, if the more 
gloomy suggestions in the more scary newspaper headlines are 
taken seriously, there is now a serious risk that beneficent 
technical developments of all kinds will be set back. 

So what has gone wrong? The immediate answer, that people 
have lost confidence, is correct but not an explanation. People 
with money to invest have lost faith in the paper value of the 
securities offered for sale by governments throughout the world, 
which usually offer to return to the investor their face value in the 
currency concerned after a period of time ranging from a few 
years to a few decades. While individuals’ loans to governments 
are outstanding, they are of course paid interest. They may not be 
unduly alarmed that their original investment will be eroded by 
inflation if the annual interest is sufficient. The persistence of 
high interest rates on government securities in both London and 
New York during the past few years is a measure both of the high 
rate of inflation and of widespread scepticism about the 
respective governments’ management of financial affairs. (It is, 
of course, irrational that President Reagan, in the past few weeks, 
should have been complaining at the unwillingness of people to 
lend money to his Administration at less than five per cent above 
the inflation rate; who should prudently ask for less?) That gloom 
about the value of government securities has now spread to the 
market in industrial shares is a sign that even those who have 
chosen not to lend to governments are persuaded that government 
policies are not going to provide a climate in which industrial 
enterprises can prosper. In short, misjudged or not, the collapse 
in the stock markets reflects the opinion of a substantial number 
of knowledgeable people that the next few years will be a 
miserable time for industrial growth and development. The 
message is clear, and cannot be ignored. 

But is the judgement correct? Unfortunately, the signs are that 
it is. In the United States, for example, President Reagan’s second 
budget, announced in his television broadcast a week ago, is full 
of incidental proofs that the Administration cannot follow a 
coherent economic policy. Some parts of the economy are beyond 
its control and it is in any case committed to domestic and 
international policies that it cannot abandon for reasons that 
range from the political to the ideological. The objective, of 
course, is what every Republican dreams of — a balanced budget; 
like his predecessor, however, Mr Reagan can do no better than 
promise to attain this simple goal three years from now. In the 
meantime, according to the Administration’s estimates, it will be 
necessary to borrow some $70,000 million from the securities 
market. Both Congress and the financial community expect that 
the need will be much greater — and that, like President Carter’s, 
Mr Reagan’s final budget will be far from balanced. For the 
United States, the consequences will be deflationary if the supply 
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of credit is screwed down — theoretically, high interest rates 


should help in that direction, but nobody seems to know how high 
they should be — or inflationary, if the Administration decides 
that printing money is the easiest way out. Asif, however, totieits <o 
hands behind its back, the Administration is doing what itean to o 
protect influential sections of the voting public from theo 
economic facts of life, as with the steps that have been takento oo 
keep mortgage rates within politically acceptable bounds. And’ 


Congress, with a mid-term election only a year or so away, has 


declined to budge on the President’s proposal to reduce the a 


growing charge on public funds represented by the way in which 
social security pensions are linked with the inflation rate. The: 
President’s refusal to reduce the military budget for next year Dy 


more than $2,000 million has also been interpreted as a sign of : 
willful disregard of the economic facts of life. The best hopenow __ 
is that the slump on Wall Street will have given both parties pause. 


In the meantime, the decision (see p.328) that discretionary 
expenditure by the US government must be cut by [2 per cent 
across the board is a sobering reminder to the research community 
— conspicuous among those who will be affected — of the 
damage done by even the partial correction of financial 
misdemeanours. 

The United States is not, however, alone in financial 
transgressions of this kind. Thus the pursuit of the monetary 
policy called monetarism in the United Kingdom in the past two 
years has been plagued by very similar mistakes. The full rigours 
of monetary restraint have been tempered, for special interests — 
in Britain, chiefly the nationalized industries -— by policies 
designed to relieve discomfort and to avoid essential change. The 
result has been that industrial reform has been impeded and that 
the rate of inflation has remained much higher than would 
otherwise have been the case ~~ last year, the prices charged by 
nationalized industries increased by 20 per cent, while those 
charged by the private sector increased by only 6 per cent. 
Appalling industrial relations have not helped. The consequence 
is that there are nearly three million people unemployed but no 


immediate prospect that it will be safe to lift the restraints of the ico 


past two years. The danger now is that this recession will be 
followed end-to-end by another triggered off by the collapse of 


the financial markets. Throughout this period, however, the 
British government has not faced up to the intellectual difficulty. 
represented by the ambiguity of what is meant by money, the 
quantity of which it has assiduously but unsuccessfully soughtto 


control, putting the health and welfare of the university system © 
(and other longstanding institutions) at hazard in the process. 
Can it now hold firm to the policies of the past two years? 
Politically, but also economically, it is in a box. Changing. 


economic course would be most simply accomplished by a 


different government. But a reflationary government would 


cause havoc in the present financial climate. Given thatthe United 


Kingdom is the most financially exposed of all industrialized 
countries, the next two years cannot fail to be a nightmare. 
The British government will not, however, be the principal 


sufferer. If deficit financing by government is the cause of the | “A 


collapse of the past few days, it is also the hallmark of those most 
at risk. And the principal exponents of this technique for getting 
by in the 1980s are the governments of the developing world, most 
of whom now owe money to the banks of the Eurodoilar market 
(in turn financed by a mixture of OPEC surpluses and the export 
of inflation from the industrialized countries, the United States 
especially). Earlier this year, a consortium of European banks 
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x wed to accommoda the e inability ofthe Polish government to 
pay its debts with a further loan. Last week, the same procedure 
ollowed with San Salvador. One of the issues to be argued 
out this week is whether India should be permitted (as is its 
entitlement) to borrow more than $7,000 million from the 
‘International Monetary Fund. The United States makes no secret 
“of its view that the window should be closed, but has already been 
-defeated on that proposition. The issue is, of course, quite simple. 
Should the impoverished developing countries of the world be 
subjected by their potential creditors to a financial discipline that 
appears to be as unpalatable in Washington as elsewhere, or 
should they be given the help they need in the secure knowledge 
hat it will prove more burdensome than helpful? They, too, are in 
boxes of their own. Not borrowing means stagnation. Borrowing 
: means a debt that can be serviced only by borrowing more. The 
second course is easier, because disaster is postponed. Yet 
disaster, when it comes, will mean more impoverishment, 
‘physical, intellectual and cultural. If the financial collapse of the 
- = past week continues, the beneficiaries of the Brandt Report will be 

- -the principal casualties. 
So what is to be done? The only acceptable course is that the 
governments of the industrialized countries most affected by the 
- stock market collapse should acknowledge that, however 
irrational it may be, it is also a fact of life. Somehow or other, they 
must cut their own expenditure still further until the financial 
markets are persuaded that there is prudence in public policies. It 
would be no shame if Mrs Margaret Thatcher, the British Prime 
_ Minister, or President Ronald Reagan, were to do this next week, 
even though both of them have been insisting that the courses they 
‘have been following are sensible in the circumstances. For the 
‘prizes at stake — no longer grand prospects of further progress in 
technology but merely the maintenance of what has been 
accomplished in the decades since the Second World War — are 
too important to be sacrificed to either ideology or pride. This 
time, however, each government should resolve that the 
`- -@onsequences of prudent economic policy cannot be concealed 
< from those affected. Better that pensioners (of whom there are a 
-oprowing number) should be told that indexation of pensions 
-cannot be afforded, or that employees of nationalized industries 
_ > should know that their jobs are as much at risk as other people’s, 
“or even that the Third World should understand that 
“advancement must be postponed, than that the whole fabric of 
the enterprise of prosperity created in the past thirty years should 

be thrown away. 


fe e Ld 
 Trade-off on missiles 
~The United States and the Soviet Union have at last fixed a date 

~~ 30 November — for resuming negotiations on arms control. 
What will they talk about and how urgently? Last week’s 
communique after the meeting between the United States 
Secretary of State, Mr Alexander Haig, and the Soviet Foreign 
<o Minister, Mr Andreii Gromyko, was laconic to the point of 
obscurity. It referred merely to ‘‘those nuclear arms which were 
earlier discussed. ..’’. The reference is to the inconclusive 
-meeting in Geneva just a year ago, when Soviet and American 
representatives apparently agreed that there was scope for 
‘negotiation about nuclear missiles based either in the Soviet 
Union or in Western Europe that could have strategic 
- implications and quarrelled about the relevance of other delivery 
systems, aircraft in particular. Nething was said last week to 
suggest that the quarrel has been resolved. 
Even so, this agenda will go some way towards quietening the 
recent wave of public anxiety in Western Europe that the prospect 
of nuclear war has become more real than a mere bad dream. The. 
vigour with which the negotiations are conducted will, however, 
also be crucial. If the Soviet and American negotiators announce, 
on 30 November, that their first step will be a substantial adjourn- 
ment, public opinion will take fright — and Mr Helmut Schmidt 
will have to keep on worrying about the survival of his coalition 
government in West Germany. Yet such a delay is all too likely. 
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Although it has been plain since the beginning of the year that 
arms control negotiations would be forced on the superpowers, 
the Reagan Administration has pretended otherwise, with the 
result that its negotiating position is ill-prepared. The most 
serious danger, now, is that the United States will plump for some 
simple agreement with the Soviet Union without full consultation 
with the governments of Western Europe, which will in due 
course have to provide house-room for the Pershing H and cruise 
missiles. That could spell trouble. 

The underlying difficulty is that the Soviet deployment of $S20 
missiles has changed the strategic balance between East and West. 
Hitherto, it has been supposed that the strategic forces of the 
Soviet Union and the United States, capable as they each are of 
visiting unacceptable destruction on the other side, would be 
sufficient to deter a nuclear exchange. The Soviet missiles, which 
cannot travel far enough to reach the United States, area threat to 
cities and military targets in Western Europe. The American plan 
to put missiles of similar range in Western Europe does not, 
however, fully redress the balance. To many Europeans, 
especially the hawks, the most frightening prospect is a nuclear 
attack on Western Europe in which the United States would be 
inhibited from using its new missiles for fear of a retaliatory 
attack on the continental United States. In other words, the 
proposed deployment of the American missiles is not a 
symmetrical counter to what the Soviet Union has put in hand. 
The doves in Europe, on the other hand, argue that the American 
missiles would make Western Europe hostage to pre-emptive 
nuclear attack, a view which overlooks the mobility of both the 
Soviet and American missiles but which has struck a resonant 
chord of public anxiety. 

The simplest objective of the negotiations promised for 
November would be to limit the numbers of missiles of 
intermediate range deployed by the two sides. The standard 
assumption is that each SS20 carries three independent warheads, 
suggesting an agreement in which three American missiles are 
equated with one $820. There are, however, several snags. First, 
the United States Congress and the new Administration have been 
talking loudly about the importance of means of verification in 
arms control agreements; even if the Administration now settles 
for flexibility, the Senate may ensure that the unavoidable 
difficulty of verifying an agreement on the deployment of mobile 
missiles makes ratification impossible. Second, there is force in 
the Soviet point about the relevance of other means of delivery 
than missiles. Aircraft in Western Europe (as well, no doubt, asin 
the East) are equipped with nuclear bombs ostensibly on the 
calculation that they might be needed in some ‘‘tactical’’ 
situations, but plainly the same aircraft can operate strategically. 
So the deployment of potentially strategic nuclear weapons in and 
near Europe cannot logically be separated from their other 
potential uses. That, however, is a path to a morass of 
interminable talk about the feasibility of counting nuclear bombs 
in the bellies of aircraft and the feasibility of nuclear-free zones in 
central Europe. 

Such projects are well worth while, but should appear on some 
future agenda. The best course, for November, is that the United 
States should agree not to insist for the time being on the full 
rigours of verification (and that the Administration should explain 
why to the United States Congress) and that the Soviet Union 
should agree (again for the time being) not to insist that aircraft 
should be included. They should at the same time acknowledge 
that they must resuscitate the Salt 2 agreement, which needs to be 
reworked but also ratified, and which is logically inseparable 
from the talks on ‘‘theatre nuclear weapons” now promised. And 
they should also pledge themselves to multilateral negotiations on 
the military balance in Europe, taking full account of the 
deployment of tactical nuclear weapons in the process. Then they 
should seek to strike a balance between the Soviet force of SS20s 
and the planned force of American Pershing H and cruise missiles 
that will not simply confirm the intended status quo. A sensible 
first objective would be to reduce the planned deployment of 
potentially strategic missiles by a half. Nothing less will satisfy the 
European need. 
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$8,000 million 
5-year spending 
waits in wings 


Washington 

The US Defense Department is using 
allegations about the military use of 
supposedly Soviet-produced toxins in 
South East Asia to boost its campaign for 
increasing domestic spending on the 
production of chemical weapons, sus- 
pended by President Nixon in 1970 after wide- 
spread protest over the use of chemical 
agents by the United States in Vietnam. 

The Reagan Administration is expected 
to announce a chemical warfare pro- 
gramme costing about $8,000 million over 
the next five years. In addition to 
upgrading the defensive equipment avail- 
able to United States armed forces, the 
money would be used to build a new arsenal 
of so-called binary chemical weapons. 

A classified report, said to contain the 
principal arguments in favour of restarting 
chemical weapons production, was sent to 
Congress in January by President Carter as 
part of a budget request that included a 
projection by the Defense Department for 
spending about $2,470 million on the 
development of such weapons over the next 
few years. However, a study by a panel of 
the Defense Science Board, and chaired by 
Dr John Deutch, professor of chemical 
engineering at the Massachusetts Institute 
of Technology and previously Under- 
Secretary in the Department of Energy, 
suggested that in view of reports of a 
growing Soviet capability, this projection 
shold be increased by between three and 
four times. Mr Reagan is expected to 
follow this advice. 

Congress has already demonstrated its 
enthusiasm for such a move. In May, the 
Senate approved a plan by the Reagan 
Administration to spend $20 million on 
equipment for a binary nerve gas facility in 
Pine Bluff, Arkansas — the first step in the 
Carter-recommended programme. 

The decision to proceed with the con- 
struction of the binary facility had been 
partly stimulated by unconfirmed reports 
that the Soviet Union had been using nerve 
gas in its occupation of Afghanistan. 
Similarly, there is still uncertainty about 
whether mycotoxins have been consciously 
used as weapons in the conflict between 
Vietnam and Cambodia — and if so, 
whether these were produced in the Soviet 
Union, and are the same agents that were 
used in Afghanistan, as some official 
statements have implied. 

The present controversy emerged two 
weeks ago, when US Secretary of State 
Alexander Haig told a press conference in 
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West Berlin that the United States now had 
‘firm evidence of the utilization of such 
weapons in South East Asia’’. This 
evidence turned out to be a single example 
of stem and leaf taken from a plant near the 
Cambodian border in an area said to have 
been sprayed with ‘‘yellow rain” 

The State Department in Washington 
said that the sample contained ‘“‘three 
potent mycotoxins of the trichothecene 
group” identified as nivalenol, deoxy- 
nivalenol and a third known as T-2. 
Although State Department officials 
admitted that the evidence was far from 
conclusive, by drawing attention to the 
similarities in the symptoms observed in 
those exposed to ‘‘yellow rain’’ and the 
known effects of the trichothecene toxins, 
a natural product of several species of the 
fungus Fusarium, as well as reporting that 
the levels of toxins were ‘‘up to 20 times 
greater than any recorded in any natural 
outbreak”, the impression was left that 
their use had been deliberate. 

Several United States scientists ex- 
pressed concern last week at the haste with 
which scientific data from a single sample 
had been used to substantiate charges with 
wide implications. (Biological weapons are 
currently prohibited by international 
treaty.) They pointed out several holes in 
the State Department’s reasoning; for 
example, where the State Department 






claimed that such mycotoxins “do not / 
occur naturally in South East Asia” 3 
Professor Matthew Meselson has pointe: 
to published reports of T-2 being found $ on 
sorghum in India and in grain in italy. 
Privately, US officials admit that ie Ee 
data were made public earlier than they. - 
would have liked. Several other samples are - 
currently being analysed; and the State 
Department was pushed into making an 
early public statement partly because some 
earlier results had been leaked to the press. 
However, Reagan Administration 
officials have not been slow to use suchsim 
scientific data as they have to maximun =- 
political advantage. Mr Haig’sreferenceto o < 
the apparent evidence of yellow rain” In 
his speech in Germany helped him io: | 
deflect some of the criticism of the United > 
States for the decision to place nuclear 
weapons in Eurape. = 
Secretary of Defense Mr Caspar ooo 
Weinberger last week threatened -— somes 
what to the embarrassment of the Adminis- 
tration — virtually to reply to the Soviet 
Union in kind. Answering reporters’ 
questions during an interview broadcast by -= 
the “Voice of America’, Mr Weinberger 
said that the United States needed “‘to 
make sure that we have some kind of 
balancing forces’’ and that knowledge on 
the part of the Soviets that they might face 
“retaliation in kind might be a deterrent 


UK universities to tackle new minister 


The Committee of Vice-Chancellors and 
Principals of Britain’s forty-four 
universities hopes to persuade Sir Keith 
Joseph, the new Secretary of State for 
Education, of the error of the 
government’s decision to cut the grant to 
the universities by eight per cent over the 
next three years. It has called for a meeting 
with Sir Keith at the earliest opportunity. 

Central to the committee’s argument is 
that any savings the government hopes to 
make will be substantially eaten into by 
payments of compensation to redundant 
university staff. It hopes to persuade Sir 
Keith either to make the cuts over a longer 
period or to rethink the policy of charging 
economic fees to overseas students, which 
this year has resulted in a 35 per cent short- 
fall in the number of overseas applicants 
for university places. Although the number 
of overseas students taking up offers of 
places will not be known for a few weeks, 
universities estimate that the shortfall will 
be sufficient to add considerably to their 
financial difficulties. 

The vice-chancellors, who met last week 
to discuss the cuts, also report that many 
well-qualified home applicants have not 
found university places this year. To meet 
the government’s objectives, they also 
estimate that ten per cent fewer will be 
successful in 1982 and 1983. At a time when 
the number of 18 year olds in the popu- 


lation is increasing, they argue that money 
would be better spent on providing edie | 
cational opportunities than on paying off 
redundant staff. } 
Although some universities have begiin 
fo estimate the number and cost of redun- 
dancies, the position will probably remain 
uncertain until January, when the vice- 
chancellors plan to put a more detailed 
estimate of cost to the government. But Dr 
Albert Sloman, chairman of the vice- 
chancellors’ committee, sees no reason fo o= 
reduce his first estimate of 3,000 academic ~< 
redundancies in the next three years. S 
The committee has also begun formu. 
lating national guidelines for redundancy 
payments. The objective is a scheme to 5 
ensure that all university staff are treated 
fairly. One snag is that contracts of tenure 
vary considerably between and even within 
institutions. Another is devising a scheme 
attractive enough to persuade staff to leave 
voluntarily and yet not so generous that the 
government would reject it out of hand. 
The vice-chancellors have also embarked 
on rethinking academic career structures. 
They apparently consider that some form 
of tenure is essential, but plan to find a 
form of contract that also provides univer- 
sities with a let-out in hard times. The aim is 
to eliminate ‘‘copper-bottomed’’ contracts 
with no let-out clauses, at present enjoyed 
byonlysomeacademics. Judy Redfearn 


198) Macmillan Journals Lid 


















‘ing been used”. 
ollowing apparent complaints from 
te Department officials about the 
ssible implications of the secretary’s 
raments, the ‘‘Voice of America” added 
statement to the interview reaffirming the 
nited States’s renunciation of biological 
nd toxin weapons. It explained that 
retaliation in kind’’ meant ‘‘redressing 
i\e imbalance through the development of 
an adequate protective posture”. 
J Dav:d Dickson 


International nuclear agency 


_ Changing sides? 


a Stockholm 

The man who led the campaign in 
oe Sweden i in 1980 to reduce nuclear power to 
only a stopgap option, to be abandoned 
when renewable energy sources become 
economic, has been appointed Secretary 
General of the International Atomic 

-= Energy Agency (IAEA). 

The primary role of IAEA — a United 
Nations agency — has been to promote the 
peaceful uses of nuclear energy: a role 
©. which has given it a prominent part in the 
_. debate over energy supplies to the Third 
_.. World and potential nuclear proliferation. 
-. So the appointment last week of Dr Hans 

COM. Blix, 58, Sweden’s deputy foreign 
Minister and an environmentalist, is 
- = somewhat controversial. 

Until 1978 Blix was a senior civil servant 
_ specializing in international law — in which 
_. heearlier held a professorship. But with the 
collapse of the 1976 .conservative 
government he was drawn into politics on 
“behalf of the Liberal Party. As deputy 
foreign minister he has concentrated on 
=> Sweden’s aid to developing countries, 
~ making Sweden one of the few to reach the 
<: United Nations target of | per cent of gross 
_ -national product. It is this interest and 
success with the Third World which has no 
doubt won him the secretary generalship of 
the IAEA. e` 
In. the 1980 referendum on nuclear 
power in Sweden, Blix campaigned for the 
winning ‘‘middle line”: increasing the 
number of nuclear power stations from 6 to 
12 in the next few years, but ther holding 
the number at 12 if alternative sources such 
as solar power or biomass (a realistic 
option in Sweden with its vast number of 
trees) are then viable. 
> However, Blix said this week in an 
interview with the Stockholm newspaper 
Dagfens Nyheter that he did not see IAEA 
as a place to peddle his own views. His job 
will be to implement what can be agreed. 
He failed to mention that what can and 
cannot be agreed is, to a degree, under the 
influence of the [AEA secretary general. 

There were three areas that IAEA should 
pursue, he said. First, its traditional role of 
furthering the peaceful uses of nuclear 
zr power — though he would like to see more 
— nations adhering to the non-prol:feration 
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‘the t would prevent these things po ever 


|More science cuts 


treaty. Blix j is greatly aiee d in ithe idea 


of the creation of a nuclear weapon-free 
zone in the Middle East. Although he has 
made no public comment yet on the 
question of the use and international 
control (through IAEA) of the French 
reactors supplied to Iraq and recently 
bombed by Israel for fear of Iraq 
developing nuclear weapons, he did say in 
the interview that the control of nuclear 
power was ‘‘very important” — and that 
that control works very well today. 

The second area in which IAEA should 
give assistance is in nuclear safety, both in 
reactors and waste disposal, Blix said: here 
there should be an international exchange 
of experience and a degree of open debate. 
“I came to realize the importance of this 
during the Swedish referendum’’, he 
commented. The third role for IAEA was 
support of developing countries in the 





Washington 

Further proposed cuts in American 
science programmes are expected to be 
announced shortly following President 
Reagan’s announcement of an across- 
the-board cut of 12 per cent in the 
discretionary spending budgets of all 
federal agencies. 

Basic science did relatively well in the 
President’s original budget proposals to 
Congress in March, which envisaged 
keeping research spending virtually 
constant in real terms. The new round of 
cuts, made necessary by indications that 
even the original cuts were not likely to be 
sufficient to satisfy the Wall Street bond 
market, mean that spending on science in 
real terms would drop by at least 10 per 
cent in the fiscal year which begins on I 
October, the first drop since 1974. 

Individual agencies, such as the 
National Science Foundation and the 
National Aeronautics and Space 
Administration (NASA), have yet to 
decide precisely where the cuts would fail. 
But the magnitude of the cuts — about 
$600 million in the case of NASA — 
means that many research projects would 
inevitably be terminated. 

In high energy physics, for example, Dr 
Sidney Drell, deputy director of the 
Stanford Linear Accelerator Center and 
chairman of the Department of Energy’s 
high energy physics advisory panel, said 
on Monday that the result would 
probably mean about a 20 per cent 
reduction in the level of operations. He 
expected hundreds of personnel to be laid 
off from the country’s national 
laboratories, and that many planned 
experiments would not now take place. 

Addressing a meeting of the panel, the 
President’s Science Advisor, Dr George 
A. Keyworth, said that the new rounds of 
cuts made his earlier remarks about the 
need to choose priorities for the support 
of science ‘‘even more relevant today 
than three months ago’. David Dickson 
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analytical and other uses. öf radionuclides. 
Cari Tham, Swedish spokesman at 


_ IAEA, said this week that more important 


than Dr Blix’s position during the Swedish 
referendum was his immense experience in 
international relations. Robert Walgate 


Heidelberg cancer centre 


Neurath’s case 


Dr Hans Neurath, whose resignation as 
Director of the German Cancer Research 
Centre at Heidelberg was announced in 
June (see Nature 20 August, p.665 and 
subsequent correspondence 24 September, 
p.252), gave the centre’s board of trustees a 
critical and even bitter explanation on 23 
September. In his statement, Dr Neurath 
said that he had found it impracticable to 
carry through agreed proposals for 
running the centre because of the 
circumstances, ‘‘structural, scientific and 
concerning personnel’’, at the centre. 

Dr Neurath’s departure from the centre 
will take effect on 31 December. In his 
statement to the board of trustees, he noted 
that his appointment had been made so 
that he could improve the quality of cancer 
research at Heidelberg and ‘‘bring it up to 
an international standard’’. 

In reality, the statement continued, he 
had found the institution to be ‘‘plagued by 
serious and perhaps irreconcilable conflicts 
of interest’’, largely stemming from an 
“old established majority”. Dr Neurath 
said that his impression was that 
‘‘procedural questions and administrative 
and legal arguments” have priority over 
scientific work, and that scientific 
leadership is impeded by over-literal 
interpretations of the centre’s charter. 

Dr Neurath also said in his statement last 
week that he had been denied the active 
support both of the trustees to whom his 
statement was addressed and of the 
representatives of government ministries. 
He complained that those concerned had 
supported him by words and not by deeds, 
thus undermining the prospects for his 
success as director. 

The statement added that Dr Neurath 
decided to resign in the hope that such a 
drastic step might contribute to reform. 


Polish higher education 


Bill progressing 


Poland’s controversial new bill on 
higher education is to go forward for dis- 
cussion by the Council of Ministers 
‘without essential changes’’. So promised 
the Minister for Science, Higher Education 
and Technology, Dr Jerzy Nawrocki in a 
Statement intended to put an end to 
‘unjustified fears and extreme protest 
movements”. 

The protests, which have now spread to 
virtually all universities and higher 
educational institutions in Poland, were 
triggered off by the the last-minute changes 
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which the ministry wanted to introduce 
into the bill, without the consent of the 
academic community. In particular, the 
academics said, the ministry had tried: 

@ To limit academic freedom. 

© To restrict the autonomy of the univer- 
sities in disposing of their financial 
resources. 

@ To extend the competence of the courts 
over students’ organizations. 

© To limit the right of workers in 
academic institutions to protest against dis- 
cussions. 

@ To return to the former system of 
selection of university rectors, deans and 
collegiate bodies. 

These amendments, the academics 
maintain, would virtually nullify the 
liberalization of academic life introduced 
in the past year which the bill was supposed 
merely to codify. 

After a number of meetings with 
academics — and a stormy press confer- 


Hidden spectre _ 


Doubts have emerged about the validity 
of some important claims in photo- 
synthesis research based on experiments 
carried out by Mr Mark Spector, much of 
whose recent work on protein kinases in 
relation to tumour viruses has been 
retracted by his erstwhile boss, Professor 
E. Racker of Cornell University (see 
Nature 10 September, p.93). 

A paper published in the Proceedings 
of the National Academy of Sciences in 
February 1980 by Spector and C. Douglas 
Winget produced a considerable impact 
because it reported the purification from 
chloroplasts of the long sought-after 
enzyme responsible for the photo- 
synthetic splitting of water to release 
oxygen. Other laboratories which 
hastened to confirm and extend this 
finding found difficulty in repeating the 
published experiments but, particularly 
when Spector ascended to the res- 
pectability of Racker’s laboratory, these 
difficulties were put down to nothing 
more than the everyday problems of 
reproducibility of much biochemical 
work. Inevitably, however, there are now 
questions about the validity of the 
Spector and Winget claim as well as about 
an extension of the work reported by Dr 
Winget at the Fifth International 
Photosynthesis Congress held in Greece 
in September 1980. 

Dr Winget, who did postdoctoral work 
with Professor Racker, is in the painful 
process of checking the experiments he 
published with Spector. Perhaps because 
he has not yet had time to check 
everything, the picture is confusing and 
not altogether comforting. Although he 
can repeat some parts, there are others 
which, despite considerable effort, he has 
been unable to reproduce. Dr Winget, 
reached by telephone on Monday 
afternoon, was afterwards unavailable. 

Peter Newmark 
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ence with educational journalists on 15 
September — the minister found himself 
facing a number of ‘‘strike alerts” from 
academics and students, due to take effect 
when the academic year opens on |Í 
October. Although the majority of protest 
messages stressed the academics’ desire for 
peaceful negotiation, some hard-liners 
were less amenable. In particular, the 
Independent Students’ Association at 
Poznan Technical University called for all 
negotiations with the ministry to be called 
off. The only bill to go forward to the Sejm 
(Parliament) for ratification, they said, 
should be that drawn up by the Codi- 
fication Commission; Minister Nawrocki 
has now promised to put this bill before the 
Council of Ministers. However, he is 
adding an appendix giving the ministry’s 
own views on disputed points. In 
particular, says Nawrocki: 

@ The minister should have the right to set 
an upper limit on university intake ‘‘so as 
to ensure a rational employment policy. 

@ The university, as a budgetary unit, 
cannot have the right ‘‘freely to shape its 
pay fund’’, but must shape employment 
within the framework of the pay fund allo- 
cated. 

@ The rector should have the right to call 
for the dissolution of an assembly on uni- 
versity premises if it infringes public order 
or strikes at the political and social system 
of the state. 

@ Academic staff should have six weeks 
vacation, not eight. 

© Rectors should be elected either by the 
university senate or electoral college, or by 
the senate and college in conjunction, as 
envisaged by the university statute. 

In fact, some of these points were never 
in dispute. The academics had sought only 
budgetary autonomy within the funds 
allotted, not for unlimited funding. 
Nobody had questioned that the rector 
might need to call for help to quieten a dis- 
orderly assembly; what was agreed in the 
Lédz accords which settled last winter’s 
student unrest was that the police should 
not come onto a campus uninvited. 

The idea of an upper limit on university 
intake is reasonable enough, since Poland 
now faces the grim possibility of up to | 
million unemployed if the economy is to be 
made to balance, and the Prime Minister, 
General Wojciech Jaruzelski, has 
committed his government not to pay 
unemployment relief. 

If such a policy is to be implemented, 
however, the present atmosphere of 
academic autonomy would suggest that it 
should be agreed by the various rectors and 
senates concerned, acting through the new 
Permanent Conference of Polish Uni- 
versities, not sprung on them suddenly. 

This, in fact, remains the bone of con- 
tention — the fact that the ministry tried to 
introduce the changes unilaterally and with 
virtually no time left for academics to voice 
objections. In spite of the minister’s state- 
ment, therefore, the tension continues. 

Vera Rich 


Research sponsorship 


Agony at MIT 
Faculty members of the Massac 
Institute of Technology (MIT) are fi 
a special meeting today (Thursday) i 
cuss a controversial offer from Mr Edwi 
(Jack) Whitehead, the founder and for 
president of the laboratory instrum 
company Technicon Corporation, to fu: 
a free-standing institute for research. 
molecular approaches to developme 
biology. : 
Under the terms of the offer, 320:mil 
would be provided for the construction 
building in Cambridge to house 
Whitehead Institute for Biomed 
Research, which has already been formed 
with Dr David Baltimore, at present 
American Cancer Society Professor © 
Microbiology at MIT, as its director. ~ 
Mr Whitehead will also provide an initia 
$5 million a year to cover the running costs _ 
of the institute, enough to support 20 new 
research professors. MIT would receive an — 
additional endowment of $7.5 million to 
cover costs associated with its links to the 
institute, and eventually the Whitehead — 
Institute would be provided with its own: 
endowment of $100 million to guarantee a. 
permanent income. : 
Top administrators at MIT are enthus. 
siastic about Mr Whitehead’s proposals, — 
which they see as maintaining MIT as one — 
of the leading biotechnology research insti- 
tutions on the East Coast. 5: 





+ * 
Commission man | 

The European Commission hasi 
appointed an outsider as director-general! 
of Research, Science and Education (DG 
XT) in succession to Dr G. Schuster, who, 
resigned in August after a nine year stint. | 
Paolo Fasella, professor of biochemistry) 
at the University of Rome, takes over the 
post on | October. a 

Professor Fasella is, however, well 
versed in European research policy. He 
has been involved in the running of the 
European Molecular Biology Laborator 
and in the years 1975-79 was pr esident p 
the European Molecular Biology 
ference. He has also served on var 
committees dealing with research polic 
in energy and biotechnology both at 
European level and in his native Italy. 
Since 1973 he has been an adviser to the! 
Italian government on such matters anc 
has taken a particular interest in th 
problems of relating research results to 
industry. 

One of Professor Fasella’s first tasks.in. 
his new appointment will be to formulate | 
a revised research strategy for the! 
commission. In particular he will bel | 
devising the four-year indirect actioni 
programme which begins in 1983. | 

Professor Fasella’s research work has: 
been mainly in enzymology. 

Judy Redfearn) 
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~ However, the proposal has generated 
- some controversy among faculty members 
“over how compatible a virtually autono- 
mous research institute would be with trad- 
~itional academic practices. Anc the MIT 
-debate is being watched closely by other 
_ research universities. 

In the case of the Whitehead Institute, 
-the debate has focused on the implications 
of the ‘‘dual allegiance” of the research 
staff. These will have joint appointments 


3 between the institute and MIT, and 


although the staff will be appointed and 
paid by the Whitehead Institute, MIT’s 
~ own research and review procedures for 
-> recruitment would apply. 

= However, at a faculty meeting last 


=- month, several members asked whether 


academic staff paid for entirely by outside 


_ funds would participate fully ir activities 
_ not directly related to their research, such 
aş undergraduate teaching or participation 
on administrative committees. 


Responding to some of these concerns, 
the Whitehead Institute has agreed that 
three MIT representatives should be 
appointed to its board of trustees — these 
are former president Jerome B. Wiesner, 
dean Abraham Siegel of the MIT Manage- 
ment School and Dr W. Gerald Austen, 
chief of surgical services at the 
Massachusetts General Hospital. Other 
trustees include Dr Donald Fredrickson, 
past director of the National Institutes of 
Health, and three members of the 
Whitehead family. 

» Inaletter sent to faculty members before 
the September meeting, Dr Low said that 








he and president Paul Gray had concluded 
that the benefits of the proposed arrange- 
ment for MIT seem to outweigh the poten- 
tial problems. 

At the faculty meeting itself, Dr 
Baltimore answered critics of the proposal 
by saying that he intended to make sure 
that staff members of the Whitehead 
Institute fully participated in activities 
apart from teaching. 

In reply to a question about the decision 
by Duke University in North Carolina to 
turn down a similar offer from Mr 
Whitehead to fund an independent re- 
search institute seven years ago, Dr Low 
said that at the time Mr Whitehead’s ideas 
had been more medically oriented. Having 
discussed the Duke decision with its presi- 
dent, Mr Terry Sanford, he said that he was 
convinced that there was nothing in the 
decision to deter a possible MIT affiliation. 
~The MIT Corporation, which is formally 
responsible for the affairs of MIT, will 
discuss Mr Whitehead’s offer at its meeting 
tomorrow. Any conclusions reached or 
recommendations made at today’s faculty 
meeting will be passed on to the corpor- 
ation, although a spokesman for MIT said 
last week that he does not anticipate any 
substantial opposition. 

It is intended that the Whitehead 
Institute should be independent of 
commercial interests. Although, like MIT, 
it will have patent rights to the results of its 
own research, no company will have 
preferential right to the licences. A final 
decision is expected at the corporation’s 
meeting in December. David Dickson 


UK industry fights genetic guidelines 


British industry is unlikely to be 
satisfied by the relaxation of guidelines 
for the industrial application of genetic 
manipulation which the Genetic Mani- 
pulation Advisory Group (GMAG) plans 
to approve this week. The new guidelines 
have been through several drafts since 
they were first discussed earlier this year. 
The latest draft removes the present 
obligation on industry to give warning 
when it plans to use cultures of more than 
10 litres when laboratory-scale experiments 
with the microorganisms are exempt from 
notification. Instead, companies would be 
required to notify the group only at the start 
of their operations. But notification of 
large-scale operations with erganisms 
classified for laboratory purposes in 
category | or above would still have to be 
given well in advance. 

The spur for revising the guidelines 
came earlier in the year, when the 
Confederation of British Industry (CBI) 
-| produced its own recommendations. In 

| particular, it urged that processes using 
microorganisms exempt from regulation 
at the laboratory level should be exempt 
from notification, and that notification 
alone should be sufficient for large-scale 
operations with category ! micro- 
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organisms. In all cases, the confederation 
argued, the same basis should be used for 
the assessment of large-scale and 
laboratory manipulation, but GMAG 
does not agree. 

CBI’s proposals echo its longstanding 
discontent with GMAG as such. Thus the 
confederation has urged that processes 
using microorganisms in higher 
categories of containment should be 
controlled by the newly reconstituted 
Advisory Committee on Dangerous 
Pathogens, on the grounds that too many 
regulatory bodies are involved, but also 
on the grounds of confidentiality. It also 
suggests that GMAG should transfer its 
responsibilities to the Health and Safety 
Executive, which should recruit its own 
staff inspectors and, when necessary, 
take advice from the Dangerous 
Pathogens Committee. 

CBI’s recommendations would 
effectively rob GMAG of control of 
industrial processes. GMAG’s members, 
however, believe that the group should at 


least be aware of all new activities. The 


likely outcome is that GMAG’s draft 
guidelines will be approved but that the 
dissenting voice of CBI will ensure that 
the debate continues. Judy Redfearn 
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European space industry 


Landing platform 


The European Parliament is urging the 
community of ten to formulate a long-term 
strategy for developing Europe’s fledgling 
space industry. Last week, members of the 
parliament adopted a resolution calling for 
the speedy development of new space 
technologies that could enable Europe to 
compete with the United States space 
shuttle. In a vote that broadly endorsed the 
recommendations of a working document 
prepared by M. André Turcat, a French 
member of the parliament and an ex- 
Concorde test pilot, they also called for a 
conference of European space ministers at 
the earliest opportunity. 

The parliament’s initiative is slightly 
unusual. Space policy has been largely left 
to those nations that have their own 
programmes and the members of the 
European Space Agency (ESA), not all of 
whom belong to the European Com- 
munity. The initiative, however, comes ata 
time when the space agency is battling with 
the task of resolving national differences in 
drawing up a medium-term plan. The poli- 
ticlans are anxious that Europe should 
make a greater and more united effort. 

M. Turcat argues in his document that 
the effort should be directed to competing 
in the growing world market for 
applications satellites and the vehicles to 
launch and even recover them. He 
estimates that the European space industry 
will grow to at least 10,000 million 
European units of account (1 EUA = 
£0.59) in the next ten years. Influenced by 
the recent decision of the National Aero- 
nautics and Space Administration to cancel 
its contribution to the International Solar- 
Polar Mission, he also argues for greater 
European independence. 

That could be achieved, the document 
claims, if Europe were to develop tech- 
nologies for establishing space stations and 
building unmanned, reusable vehicles 
capable of servicing them. Such a view will 
hearten members of the French national 
space agency, CNES, which is shortly to 
submit to ESA a proposal for a partly reus- 
able launch vehicle. But enthusiasm from 
other quarters may be muted. Not all mem- 
bers of ESA are keen to devote the agency’s 
limited budget to such a costly project. 

The differences, however, may be 
resolved if, as the document argues, more 
money is devoted to space. That will be for 
the individual governments to decide. But 
one possibility, suggested in the debate on 
the document, is that the European 
Investment Bank should step in. 

Such a major project would also involve 
some reorganization within the European 
space industry and possibly extending the 
role of ESA. While acknowledging that co- 
operation between Europe’s diverse space 
industries has come a long way in the past 
six years, the document calls for even 
greater cohesion, suggesting collaboration 
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along the lines of the successful aeronautics 
conglomerate, Airbus-Industrie. Govern- 
ment money should be available, not only 
for development within ESA but also to 
encourage industry. 

The more immediate and less conten- 
tious goals, supported by the parliament, 
include an early decision to go ahead with 
Ariane 4 — a modification of the current 
Ariane, whose fourth test flight is now 
scheduled for 14 December, that will 
launch heavier payloads — and the 
formulation by the European Commission 
of a feasibility study for a large space 
station. 

If nothing else, last week’s vote could 
result in a meeting of space ministers with 
the opportunity for thrashing out a realistic 
policy. Judy Redfearn 


US-Soviet exchanges 


Students to stop 


Washington 

The US Congress, in a little-noticed 
manoeuvre, is trying to cut off all federal 
funds used to support Soviet students 
studying science and technology subjects in 
US universities under the official exchange 
programme between the two countries. 
The proposed ban would remain until 
restrictions are removed which prevent 
American students from learning about 
such subjects in the Soviet Union. 

The move, which would be made 
through an amendment to the budget of the 
State Department and is said to have the 
department’s support, would affect about 
40 Soviet citizens who take university 
courses in the United States every year. It is 
part of a campaign by certain members of 
Congress to restrict Soviet access to 
American technology and expertise. 

The amendment would prevent both the 
State Department and the International 
Communications Agency after | July 1982 
from financing any long-term scientific or 
technological study in the United States by 
citizens of the Soviet Union in the US- 
USSR Graduate Student/Young Faculty 
Exchange, or in the USSR Senior Scholar 
Exchange. 

Such exchanges are organized through 
the New York-based International 
Research and Exchanges Board (IREX), 
which this year has placed 31 Soviet 
scientists at US institutions including 
Massachusetts Institute of Technology, 
Stanford University and the University of 
California, Los Angeles. 

Some officials responsible for the educa- 
tional exchange programme have for some 
time complained that US students who 
visit the Soviet Union under the same 
programme are restricted to studying the 
arts, humanities and social sciences, and 
are not permitted to look at aspects of 
Soviet technology. 

Introducing an amendment to the State 
Department authorization bill on the floor 
of the House of Representatives last week, 


Mr Paul Findley, a Republican Represen- 
tative from Illinois, described it as an 
attempt to ensure ‘‘the mutuality of any 
academic exchanges that may occur 
between the Soviet Union and the United 
States in the future’’. 

The amendment was passed 
unanimously. And although the bill in its 
present form has been temporarily shelved 
to await further budget decisions by the 
Administration, a spokesman for Mr 
Findley said last week that the Senate had 
already indicated its support for the 
amendment, which he said was ‘‘almost 
certain’? to become law when the State 
Department’s budget was finally agreed. 

Although scientific exchanges with the 
Soviet Union were substantially reduced by 
the Carter Administration in response to 
the occupation of Afghanistan, they are 
still continuing. At the National Academy 
of Sciences, for example, visits by US 
scientists to the Soviet Union arranged on 
an exchange basis with funds from the 
National Science Foundation have 
dropped from 100 to 60 a month. 

The proposed congressional action 
would therefore only affect a part of the 
academic exchange programme between 
the two countries, although others may 
well fall victim to the budget cuts now 
under discussion in Congress. 

Mr Alan Kassos, director of IREX, said 
last week that if the amendment passed into 
law it could cripple access by American 
students to the Soviet Union, IREX 
disputes Mr Findley’s charges that visiting 
Soviet scientists are being given free access 
to US technology which could be of 
military or commercial value. The 31 
currently studying in the US, for example, 
were all intensively screened by federal 
agencies such as the State Department, the 
Department of Defense and the 
Department of Commerce — a process 
which excluded a further 23 potential 
students on the grounds that their presence 
could violate export controls on scientific 
and technological data. 

Replying to the charge that there is an 
imbalance in the subjects studied by US 
and USSR students, IREX points out that 
each side selects candidates whose 
proposed field of study is felt to meet 
national interests. ‘‘The US side chooses to 
send candidates in the humanities and 
social sciences because we feel it is 
imperative to know about the dynamics of 
Soviet society” said Mr Dan Matuszewski 
of IREX, adding that IREX had also 
occasionally organized visits by research 
workers in fields such as mathematics and 
plasma physics. 

Officially the State Department still 
favours such academic exchanges as one 
window that was kept open when other 
bilateral exchange agreements were cut 
back after the occupation of Afghanistan. 
IREX still hopes that it will be possible to 
head off the Findley amendment when it 
comes up for debate again on the floor of 
the House. David Dickson 


Attack on refusniks 


jhave been threatened with official 


i they would not have been granted without 







The Soviet authorities appear to be 
launching a concerted campaign to stop: 
the various Jewish refusnik seminars 
from reconvening in this academic year. 
Especially heavy pressure has been 
applied to the oldest — the Moscow 
Sunday Seminar, founded in 1973, 
which, since the arrest of Viktor) 
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Brailovskii in November 1980, has been 


hosted by his wife Irina. Ten leading 
members of the group — including Dr 
Brailovskaya herself, and also Dr 
Aleksandr loffe and Dr Yakov Alpert, 


reprisals, ranging from expulsion from 
Moscow to imprisonment if the seminars 
continued, and all have been placed 
under overt police surveillance. 

In the case of the Khar’ kov engineering 
seminar, matters have proceeded further 
than threats. Its leader, Aleksandr 
Paritsku, recently deprived of his degree 
of Candidate of Science, was arrested 
early in September and now faces charges 
of slandering the Soviet Union. (This is, 
apparently, in connection with a letter 
which he and some forty other refusniks 
signed more than a year ago, asking the 
Communist Party to intervene with the 
passport authorities, so that they could 
leave for Israel.) 

For Dr Aleksandr Lerner, however, the 
approach was somewhat different. Dr 
Lerner, who filed his application for 
emigration in 1971, has on occasion been 
informed that he would ‘‘never’’ be 
allowed to leave. Last month, however, 
he was given to understand that if he dis- 
continued his cybernetics seminars, a visa 
might be forthcoming. Dr Lerner’s case 
has attracted considerable attention 
abroad ~—- indeed, a special ‘‘Lerner 
Circle” of fellow cyberneticists has been 
established — and this may account for 
the difference in attitude. In July, when 
Dr Lerner’s wife died, the Soviet author-; 
ities granted an unprecedented visa. to} 


i GAL Nan harper aia AER REDE WHS HSM (WES Mt UMMC NNR 


cetera ney r AENEAN AEEA AAR AAA REREAD ANI REAM ONE AATA HOPS EAE tS dash AM RAS Ar Stl ka gman OH HRS Na Sr aah r: 
















their daughter, Dr Sonya Lerner-Levine,| 


now working at the Weizmann Institute) — 
in Israel, to return to Moscow for the} 
funeral. + 
Support from foreign colleagues is also} 
believed to have influenced thel 
authorities in the case of Viktor! 
Brailovskii who is now serving a sentence] 
of five years’ internal exile. Dr Brailovskii| 
was convicted on 18 June, but was not 
transferred to his place of banishment 
until September. This was not, as had: 
been feared, Siberia, but the village of 
Beineu in Kazakhstan, which has a far 
milder climate. And instead of being 
transferred from prison in a closed 
railway wagon, he was flown to Beineu, 
These were concessions made by the legal 
authorities on account of his weak state! 
of health but Irina Brailovskaya believes 










international pressure. Vera Riek 
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Tanks and tactics 


Sir — Allied military command will doubtless 
hope that enemy tank designers take John 
Baruch’s advice (Nature 27 August, p.792) and 
add an extra 5 tons of shielding to each 30-ton 
tank. This would increase the cost of transport 
of enemy tanks by (5/30) x 100= 17 per cent. 
Meaning either they would have 17 per cent 
less acceleration (so would be easier to hit with 
conventional rockets) or, if their acceleration 
performance were retained, would require 17 
per cent more fuel and have drive and weight- 
bearing parts 17 per cent stronger, further 
adding to their weight. 

Though never even primed, the nestron 
bomb would serve its purpose by making 
enemy tanks ungainly and more vulnerable to 
conventional weapons. 

OLIVER MILBURN 
Leeds, Yorkshire, UK 


Sir — I was very disturbed by your leading 
article (Nature 13 August, p.571) favouring 
the neutron bomb, designed to be an anti-tank 
weapon, killing tank crews within a 1,500-foot 
radius while minimizing property damage. The 
countermeasure is simple: the Russians need 
only attack in loose formations main:aining a 
distance greater than 1,500 feet between tanks. 
Tanks are best suited to warfare in open 

country where there is little property to 
destroy. Tanks used in built-up areas are 
vulnerable to weapons much less sophisticated 
than neutron bombs — such as Molotov 
cocktails, as the Russians themselves proved, 
to the Nazis’ chagrin, in the battle of 
Stalingrad. And anyway such built-up areas 
are likely to contain large numbers of Western 
European civilians who are no less vulnerable 
to high-intensity neutron radiation than are 
Russian tank crews. 

Ropert J. YAES 
Memorial Sloan-Kettering Cancer Center, 
New York, USA 


Toxic edible oils 


Sig — We read with interest the account by 
Hilton and Gillman in the Sunday Times (23 
August 1981) describing the tragic 

outcome of the use in Spain of industrial oil 
in place of edible olive oil. The industrial oil 
was based on low euric acid rape seed oil plus 
grape and cotton seed oils, all of which 
contain high levels of unsaturated fatty acids. 

There are many diseases in farm animals 
which can be regarded as being induced 
directly by the degradation of normal dietary 
intakes of unsaturated fatty acids. This is 
especially so if the natural antioxidan:s 
vitamin E and selenium are present in 
insufficient quantities, in tissue, to interrupt 
the process of peroxidative damage. The 
tissues most usually affected are muscle, heart, 
liver and brain. 

Nutritional degenerative myopathy (NMD) 
can occur when young ruminants deficient in 
vitamin E and selenium are turned ou! to 
young grass which is normally high in 
unsaturated fatty acids!. When such animals 
consume this material the unsaturatec fatty 
acids largely escape conversion to saturated 
fatty acids (hydrogenation) in the rumen and 
are absorbed?. That this is the source of 
unsaturated fatty acids for lipid peroxidation 
has been recently confirmed experimentally’. 


Animals with a normal status of vitamin E and 
selenium are not affected, showing that these 
micronutrients are essential in protecting 
against peroxidative damage. 

What makes these studies particularly 
relevant is first that disease is induced by 
feeding unsaturated fatty acid. Second, many 
of the symptoms seen in calves affected with 
the peroxidative disease (NMD) are very 
similar to those described in the people 
affected in Spain — symptoms of respiratory 
distress, muscle weakness and pain, along with 
an inability to rise. Changes also occurred to 
teeth and skin. Deaths have also been 
attributed to consumption of the oil. 

The oil used in Spain, as well as being rich 
in unsaturated fatty acids, had been heat 
treated to 200°C to make it acceptable. Heat 
treatment of unsaturated fatty acids can 
induce peroxidative damage with the 
formation of toxic hydroperoxides, and 
destroy vitamin E. Indeed Spanish physicians 
found vitamin E to be the most appropriate 
treatment for the disease. 

Both the recent Spanish experience and our 
own experiments highlight the necessity of 
ensuring that unsaturated fatty acids are used 
correctly. Molecular damage resulting from 
peroxidative pathways can result in alteration 
in lipids (membranes), proteins (enzyme 
activity) and nucleic acids*. This gives 
considerable potential for both short and long 
term pathogenic processes. Thus where the 
consumption of unsaturated fatty acids occurs 
and especially where their use is actively 
encouraged, care must be exercised to ensure 
that tissue peroxidation is not an extremely 
unpleasant sequel. Vitamin E and selenium 
dietary intake levels must be adequate to 
ensure that this is not the case. 

C, H, McMurray 
D. A. RICE 
Veterinary Research Laboratories, 
Stormont, Belfast, UK 
l. McMurray, C.H. & McEldowny, K. Ar. 
535-542 (19773. 
2. McMurray, C.H., Rice, D.A. & Blanchflower, J. Proc, 
nutr. Soc, 39, 65A (1980). 
3. Rice, D.A.. Blanchflower, J. & McMurray, C.H. Vet. 
Rec, 109, 161-162 (1981). 


4. Tappei, A.L. in Free Radicies in Biology Vol. 4, (ed. 
Pyror, W_R.} 1-47 (Academic, New York, 1980). 


Those specimens 


Sir — For readers of Nature of 3 September 
(p.6) Brian Ford has readily blamed staff of 
this journal for a particular sentence (and the 
title?) of his article (Nature 30 July, p.407) 
reporting on ‘‘Leeuwenhoek’s specimens 
discovered after 307 years’’. But his tightly 
literal answer is hardly impressive when it is 
compared with his concurrent article, and 
allied response regarding earlier knowledge of 
Leeuwenhoek’s specimens, in New Scientist 
(30 July, p.301; 3 September, p.619). 

Iam particularly surprised when he 
dismisses Clifford Dobell’s fine standard book 
on Leeuwenhoek (1932 and 1960) and 
Professor Cole’s work of the 1930s as merely 
that of ‘‘occasional individuals half a century 
ago’’. Oddly, he now says the statement about 
the existence of Leeuwenhoek’s specimens 
made on p.333 of Dobell’s book is referred to 
in his own main article in Notes and Records 
of the Royal Society. This will be a welcome 
variation on the available accounts in Nature 
and New Scientist, but it is difficult to adjust 
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existing criticism at the time of writing this 
letter because publication of the Notes and 
Records cited by him has been delayed until at 
least the end of September. 

Mr Ford is right to be enthusiastic over his 
examination of Leeuwenhoek’s original 
specimens with a scanning electron microscope 
(ideally suitable for unfixed dried biological 
material), but he only has himself to blame in 
turning attention away from this main theme. 


R. Derek Woop 
Bromley, Kent, UK 


Balance of powers 


Sirk — I do understand why Dr Jeffery (Nature 
27 August, p.791) should have used the retail 
price index to correct for inflation in the 
calculation of relative energy costs, except 
insofar as it mirrors the wholesale price index. 
One hardly buys power stations retail. Neither 
do I know of any investment giving a steady 
return of 5 per cent above inflation rate. 

At the same time I accept that there is an 
uncertainty about the effective total cost of 
either coal or nuclear energy which may well 
be comparable with the difference between the 
figures given by Dr Jeffery and those given by 
the Central Electricity Generating Board 
(CEGB). Neither party would get much credit 
in an examination for quoting figures to better 
than | per cent without any estimate of 
probable error. 

But the importance of the controversy lies in 
its relevance to future action. Power stations 
started in the next few years will be in the 
middle of their working lives in about 25 
years’ time, and ‘‘guesstimates’’ as to the cost 
ratio at that time are so uncertain that the 
differences between Dr Jeffery’s figures and 
those of the CEGB are quite negligible. Nearly 
all the likely changes favour building more 
nuclear power stations. The cost of oil is likely 
to be so high that it will be more expensive for 
transport than synthetic liquid fuel so more 
coal may be needed to produce this than is at 
present used for all purposes. Concurrently, 
electric transport at least for buses and heavy 
lorries may increase the total demand for 
electricity, requiring more electric power than 
at present, even though current 
‘‘suesstimates’’ neglecting this possibility 
suggest that we shall need less. 

We ought to be offering the Third World 
cheap coal now, instead of lecturing them on 
the undesirability of burning down their 
forests for fuel, but surely by the year 2005 
the Third World demand for mass-produced 
consumer goods will be relatively less and its 
demand for energy more, so that our most 
valuable exports could be coal, wind- 
generators and solar electric plants — if we 
have any to spare. 

Finally, if the charges on capital should 
increase by a further large proportion, which 
increases the relative cost of nuclear electricity, 
this will discriminate still more heavily against 
the solar, tidal, wind and wave alternatives, 
almost the whole of the costs of these being 
charges on capital, so that nuclear power may 
still be the cheapest way of making up 
whatever cannot be supplied by coal. As of — 
now it is the only means capable of the scale of 
output needed. JOHN FREMLIN 
Department of Physics, 

University of Birmingham, UK 
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Gene families, hopeful monsters and 





the selfish genetics of DNA 


WHEN molecular biologists first acquired 
the technology for cloning DNA, people 
predicted almost every possible new 
development from panacea to pandemic; 
but no-one foresaw that it could open the 
door on a startling and unexpected view of 
the evolutionary history of the eukaryotic 
genome. Existing mysteries, such as the 
extremely high content of noncoding 
repetitive DNA in many genomes, have 
become no less mysterious: indeed, far from 
helping to resolve the question of whether 
these sequences have a regulatory function, 
recent discoveries about the rate and pattern 
of their evolution have made them in some 
ways more mysterious. At the same time, it 
has become clear that both coding and 
noncoding DNA sequences are capable of 
surprisingly rapid and wide-ranging migra- 
tion in the genome. 

These revelations have confronted 
molecular biologists with some extra- 
ordinarily difficult questions that have 
traditionally been the concern of 
evolutionary geneticists. Phrased in modern 
molecular terms, they are: what are the 
phenotypic effects of noncoding DNA and 
the lability of the genome, and how do they 
bear on the control of development and the 
origin of species? The issues raised by these 
questions are similar to those explored, in 
more general terms, by the geneticist 
Richard Goldschmidt, a passage from 
whose later writings was taken as the theme 
of a recent meeting* at which molecular 
biologists and geneticists met to discuss 
them; and where Goldschmidt’s hopeful 
monster (see ref. 1) was reborn as the 
product of the transposition of small regu- 
latory elements of DNA, or the trans- 
location of large chunks of genome, leading 
in either case to major changes in gene 
expression by means of which, according to 
a flight of fantasy indulged by W.F. 
Doolittle (Dalhousie University), a toad 
might evolve into a princess with a minimum 
of intervening millenia. 

Repetitive DNA and speciation 

Do the recent molecular data in fact lend 
weight to Goldschmidt’s notion of the origin 
of species in ‘“‘single macroevolutionary 
steps’’, or provide evidence for the changes 
in genomic rearrangements that could give 
rise to them? The first question was 
addressed by R. Flavell (Plant Breeding 





* A discussion meeting on Genome Evolution and Phenotypic 
Variation was held in Cambridge an June 22-24, 1981. The 
proceedings, edited by G.A. Dover and R.B, Flavell, will be 
published by Academic Press. 
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Institute, Cambridge) and G, Dover 
(Cambridge University) who asked whether 


the rapid evolution of large families of. 


repetitive DNA could act as a blunt instru- 
ment driving speciation by reproductive 
isolation alone, without reference to 
adaptation. 

Flavell quoted as an example the 
Gramineae species, 80 per cent of whose 
DNA consists of families of middle 
repetitive sequences, interspersed some- 
times with one another and sometimes with 
unique DNA. Both the sequence and the 
distribution of many repetitive families vary 
considerably between closely related 
species*. Clearly, by creating difficulties 
with homologous chromosome pairing, 
these differences may contribute to the 
infertility of interspecies hybrids, and thus 
help maintain the reproductive barrier 
between existing species. But whether they 
could have arisen within a species and led to 
speciation through reproductive isolation is 
an open question. Furthermore, H. Rees 
(University College of Wales, Aberystwyth) 
pointed out that quantitative differences in 
DNA between species may not always result 
in failure of chromosome pairing in hybrids, 
as illustrated in Festuca. On the other hand, 
Flavell and his colleagues find that 
developmental problems and reduced fitness 
in wheat-rye hybrids (triticale) are correlated 
with the amount of highly repetitive DNA on 
the ends of the rye chromosomes?; although 
the repetitive DNA has no known effect on 
the phenotype of the adult plant. 

The mouse species discussed in the same 
light by Dover raise even more complicated 
questions. He has used DNA hybridization 
and restriction analysis to identify families 
of dispersed repetitive DNA that apparently 
have similar copy numbers and distributions 
but different, though clearly related, 
sequences in four species of rodent’. This 
pattern of conservation of copy number and 
distribution but variation in sequence 
between species is known as concerted 
evolution (see ref. 6). The problem is how to 
explain the homogeneity of these repeats 
within species given the substantial variation 
between species. The easiest explanation, in 
the case of tandem arrays, is unequal 
crossing-over between sister chromatids or 
homologous chromosomes. This would 
lead to the continual expansion and 
contraction of the repeated sequences, the 
eventual upshot of which can be shown 
statistically to be sequence homogenization 
within a population. 


Unequal crossing-over is not, however, a 
satisfactory explanation for the concerted 
evolution of dispersed sequences; to 
explain their homogeneity Dover 
postulates that gene conversion takes 
place. In brief, this involves the formation 
of a heteroduplex between strands of 
homologous DNA at any two sites in the 
genome, and results in the ‘correction’ of 
regions of non-homology between them. In 
this way, sequence homogeneity could be 
maintained between widely separated 
homologous DNA sequences without any 
change in their copy number or 
distribution’. While this could account 
for the relative homogeneity of dispersed 
repetitive families within species, it is more 
difficult to explain how the sequences 
originally became dispersed. Dover’s 
controversial suggestion is that whatever 
unknown mechanism accounts for 
dispersal could also drive a variant 
sequence to fixation in a population and 
thus result in ‘accidental speciation’. The 
crux of this proposition is Dover’s substi- 
tution of the notion of drive, by which a 
mutant sequence has a high probability of 
superceding the wild-type sequence, for 
that of drift or natural selection, in which 
the probability of a mutant takeover is 
extremely low since both unequal crossing- 
over and gene conversion are inherently as 
likely to convert mutant sequences back 
to wild type as to convert wild-type to 
mutant sequences, Dover’s point is that the 
horizontal spread of variant sequences 
between chromosomes would lead to non- 
mendelian segregation, which would 
increase the probability of their taking over 
from the wild type: this is what he calls 
drive. 

Selfishness and dispersal 

Horizontal dispersal of DNA sequences 
is well established in the case of bacterial 
insertion elements, the transposons of 
Drosophila’ and the retroviruses of birds 
and mammals, the pattern of whose 
boundary sequences marks them out as 
mobile elements. But there is a growing 
number of sequence families the molecular 
basis for whose dispersal is entirely cryptic. 
The repetitive rodent sequences discussed 
by Dover are one example; actin genes are 
another; and more recently, Childs ef al, ° 
have reported dispersed histone and rRNA 


Miranda Robertson is an associate editor of 
Nature. 
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from the tanden arrays of sea urchins and 


Drosophila, and Leder et al."' have 
discovered two dispersed a-globin pseudo- 
genes in mice. 

It is possible that the vector for these 
wandering genes is a retrovirus; but — to 
return to the problem of the concerted 
evolution of dispersed sequences — such a 
random vector could account attle better 
than unequal crossing-over or gene con- 
version for the replacement of a wild-type 
by a mutant sequence. Thus we are led to 
the question of whether a mutart sequence 
could have some inherent advantage over 
the wild-type one, lending these otherwise 
neutral events a high probability of 
working in its favour. And this brings us to 
the issue of selfish DNA, which was the 
stuff of Doolittle’s monstrous princess and 
a recurrent theme of the conference. The 
defining feature of selfish DNA, as agreed 
by Dover and Doolittle'*, $ that its 
sequence should, by an as yet unknown 
mechanism, enhance its own prepagation. 
This distinguishes it from ignorant 
DNA, which is also propagated but whose 
sequence is presumed not to contribute to 
its propagation. What selfish DNA and 
ignorant DNA have in common :s that they 
have not evolved as a resuit of any 
functional effect on the organism. But it 
does not follow, as has been repeatedly 
pointed out, that such CNA will 
necessarily have no evolutionary con- 
sequences; ‘accidental speciation’, for 
example, might be a consequence of selfish 
or of ignorant DNA but could not be its 
function; and the existence af pseudo- 
genes, which are clearly functionless, 
might increase the probability of future 
adaptive change and have profound effects 
on evolution. 

Regulation and dispersion 

By no means everyone accepts that non- 
coding DNA may be either selfish or 
ignorant; in particular, E.H. Davidson 
(California Institute of Technology) argues 
that the ignorance is all ours, and both the 
sequence and the site of noncoding DNA 
could have profound significanze for the 
regulation of gene expression. If this is the 
case, then there should be evidence of 
evolutionary constraints both on the 
sequence of noncoding DNA and on the 
mobility of gene families with related 
functions demanding coordinated regula- 
tion. Such evidence was reported by A. 
Jeffreys (Leicester University} for the 
mammalian f-globin gene family, which 
consists of five functional genes and two 
known pseudogenes, all clustered on the 
same chromosome and separated by non- 
coding DNA some of which is repetitive. 
Since the B-globin genes are thought to have 
originated by duplication from the 
ancestral gene that also gave rise to the a- 
globin genes, which are on a different 
chromosome, the obvious question is 
whether the f-globin family has remained 
clustered through several reunds of 
duplication simply by historical accident, 
or because of the need to coordinate the 


activities of the different members of the 
family during ontogeny. The recent 
analysis by Jeffreys and his associates of 
the intervening DNA in the cluster in three 
primate species shows that it is very highly 
conserved, with a rate of divergence of only 
0.2 base pairs per million years!?. This 
strongly suggests that the intervening 
DNA, which constitutes more than 90 per 
cent of the total B-globin cluster, may have 
important functions in regulating the 
genes. 

A history of duplication and dispersion 
can equally be read in the distribution of 
actin genes, which are expressed in the 
cytoskeletal proteins of ail cells, and, with 
only minor sequence variations, in the con- 
tractile proteins of smooth and voluntary 
muscle cells. Davidson argues from his 
studies of the actin genes of sea urchins 
that any minor differences in sequence 
of the highly conserved coding portions of 
the genes are almost certainly irrelevant to 
their different functions, which he believes 
to be determined by surrounding 
regulatory DNA sequences. By way of 
preliminary evidence he described possible 
determinants of the differential expression 
of the actin genes during early develop- 
ment. Sea urchins have at least 11 actin 
genes that can be assigned to five types on 
the basis of differences in the pattern of 
their intervening sequences and the 
sequences of their flanking regions. At 
least some of these genes are linked, but the 
linkage groups do not parallel homology in 
either the pattern of the intervening 
sequences or the flanking regions. From a 
comparison of oocyte with early 
embryonic gene expression, it seems that 
regulation of expression of different 
members of this family is correlated, not 
with their linkage groups, but with 
sequence of the 3’ non-translated flanking 
regions!¢, 

Further to his thesis that the evolution of 
a gene may depend as much on the genomic 
company it keeps as on the evolution of its 
sequence, Davidson quoted some recent 
protein sequence data of Vander- 
kerkhoeve, who finds that the muscle actin 
of scallops is homologous to the cyto- 
skeletal, rather than the muscle, actin of 
vertebrates: a possible case in which the 
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differential expression of a gene rather 
than its sequence may have determined its 
function. 

Transposition and phenotype 
Speculations of this sort are at present 
beyond the skill of science to test but it is, 
however, worth distinguishing between 
local and global regulatory effects. An 
example of local regulation would be the 
activation of a cellular gene through the 
insertion of the proviral DNA of a 
retrovirus next to it!>, Local activation is 
presumably operating in the case of the sea- 
urchin actin genes described by Davidson. 
Global regulatory phenomena may 
operate through control of the relative 
condensation of extensive domains of 
DNA, and thus govern the accessibility of 
large areas of the genome to activating 
proteins. The effects of such global 
regulation can, however, sometimes be 
seen on a single gene, for example in the 
position effect mutations of Drosophila, in 
which large-scale chromosomal inversions 
can inactivate a particular gene by 
transposing it to the edge of a region of 
condensed heterochromatin. 

It is possible that the repetitive nature of 
some noncoding DNA could contribute to 
such global control mechanisms. For 
example, G. Roizes (Montpellier Univer- 
sity), discussing bovine heterochromatin, 
pointed out that a prerequisite for DNA 
methylation, which is enjoying consider- 
able popularity as a possible control 
mechanism, is a repetitive GpC sequence. 

The only case in which the movements of 
genes and the existence of repetitive 
noncoding sequences have a clear effect on 
phenotype and obvious adaptive con- 
sequences is that of the immunoglobulin 
genes, whose antics were reported by H. 
Zachau (Munich University) and T. 
Rabbitts (MRC, Cambridge). Genetic 
recombination in somatic cells of the 
lymphopoietic lineage makes possible the 
expression of a much larger repertoire of 
antibodies than is encoded in the germ line, 
and furthermore enables each N-terminal 
antigen-binding site to be expressed with a 
range of different C-terminal effector sites. 
Specific repeated sequences are implicated 
in these somatic recombination events!®. 

But otherwise, effects on phenotype were 
barely mentioned at the conference — an 
omission deplored by J. Maynard Smith 
(Sussex University) on the grounds that 
natural selection acting on the phenotype is 
the principal force in evolution. One 
difficulty is that phenotypic effects of 
genomic upheavals may be elusive: May-. 
nard Smith quoted his own experience with 
D. pseudoobscura, in which large chromo- 
somal inversions are extremely common and 
have no apparent effects on morphology at 
all. However, as a professional evolutionary 
geneticist he agreed to try to assimilate the 
non-mendelian behaviour of the eukaryotic 
genome but he urged molecular biologists to 
note that ‘‘people have been thinking about 
evolution for a long time, and some of their 
conclusions may be worthy of attention’’. C 
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Ancient astronomers of the New and Old Worlds 


from Aubrey Burl 


STONEHENGE has its astronomical counter- 
parts and some, as the participants at a 
recent symposium* were reminded, are in 
the Americas. The symposium, held at 
Queens College, Oxford, took as its major 
themes the trends and progress in archaeo- 
astronomical studies in the Americas and 
Europe. 

A.F. Aveni (Colegate University, New 
York) began by describing the six sources 
of information on the astronomical 
practices of early American societies: 
codices, stelae, ceramic inscriptions, 
Hispanic literature, modern ethnology 
and the architecture of surviving 
structures. These riches were far beyond 
the impoverished relics European pre- 
historians have to work with but our envy 
was modified when other speakers, 
including G. Brotherston (Essex 
University) and J. Remington (University 
of New Mexico), revealed the problems of 
reconciling Mesoamerican Long Counts 
with the astronomical calendars. To 
understand that the number 2,914 might 
have been devised to integrate the 
Venusian, solar and lunar cycles was, 
perhaps, not grossly difficult but why the 
Maya should have computed a reckoning 
of 3,669,565 years most Europeans must 
have found incomprehensible. 

Conversely, when speakers discussed 
ancient American societies and their use of 
celestial events the participants were at 
one, for these were questions that 
confronted all of us, numerate and 
innumerate alike. F.G. Lounsbury (Yale 
University) offered us a splendid piece of 
detection, showing how a glyph at the little- 
known Maya site of Bonampak revealed 
that its people had calculated a favourable 
date for a raid on a neighbouring kingdom. 
The augural and ceremonial rather than 
‘scientific’ use of astronomy was a 
favoured theme. Whether discussing the 
ceque system of the Incas (R. Zuidema, 
University of Illinois) or the symbolism of 
the Hopi Indians (S. McCluskey, West 
Virginia University), a people who 
paradoxically laid out precise alignments 
without the aid of astronomer-priests, 
there were few suggestions of ‘science for 
science’s sake’. Instead, it seemed that the 
Sun, moon, Venus and the Pleiades were 
objects observed for practical purposes, to 
establish a calendar, to determine the time 
for planting and to indicate propitious days 
for ritual. 

These interpretations were repeated 
when the fragmentary evidence for early 





*An archaco-astronomical symposium, sponsored by the 
International Astronomical Union and the International Union 
for the History and Philosophy of Science, was held at Queen's 
College, Oxford, from September 4 to 9. It was organized by 
M.W. Hoskin of Churchill College, Cambridge, and limited to 
seventy invited participants 
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Aerial view of Stonehenge. From Rites of the Gods A. Burl (Dent, 1981). 


European astronomy was discussed. 

The orientation of Early Copper Age 
graves in Hungary (K. Barlai, Konkoly 
Observatory, Budapest) and of North 
European Neolithic burials (W. Schlosser, 
Astronomisches Institut der Ruhr- 
Universitat) supported the belief that in 
prehistoric Europe people had regarded the 


Sun and moon, in part, as symbols of 


death. Accordingly they laid out graves, 
albeit rather casually, so that corpses might 
face the Sun or moon. This is an 
astronomical interpretation quite different 
from that advocated in recent years by 
Alexander Thom and his co-workers. 
From their researches they have concluded 
that megalithic alignments were often very 
precise, sometimes designed to permit 
observers to discern such miniscule 
celestial events as the moon’s ‘wobble’ at 
its standstills. A. Thom did discuss this, 
demonstrating the accuracy of 42 lunar 
lines, but it was a view disputed by C. 
Ruggles (Cardiff University) whose own 
field data offered no support for such 
precision. 

Throughout the symposium there was an 
insistence that more rigorous criteria 
should be accepted by anyone engaging in 
archaeo-astronomical studies. The writer 
of this report asked that sites should be 
examined not in isolation but in culturally 
related groups to avoid the mischance of 
analysing an unrepresentative monument. 
Others (E.W. MacKie of the Hunterian 
Museum, Glasgow, and P. Freeman, 
Leicester University) requested that a 


balanced consideration of astronomy and 
geometry should be adopted and proposed 
that an austere use of statistical material 
would prove advantageous. 

It was with this healthy controversy still 
alive that on Tuesday morning the 
participants were guided around some 
megalithic sites in Wiltshire by R. Atkinson 
of Cardiff University. The current policy 
(if that is an appropriate word) of the 
Department of the Environment restricts 
scientific visits to Stonehenge to between 
8am and 9am on Tuesdays in summer and 
meant that a 6 am departure from Oxford 
was necessary. After the privilege of 
entering the sarsen circle we visited other 
monuments — Woodhenge, Avebury, 
West Kennet and Silbury Hill. 

It was a good conference. There was a 
marvellous site at Fajada Butte, New 
Mexico, where, high on the sacred slopes, 
Amerindians had propped three slabs to 
show the times of the solar solstice and the 
lunar extremes. These finely positioned 
stones cast shadows onto two carved spirals 
almost identical with those known in the 
British Isles. 

Understanding Fajada Butte may help 
European researchers to understand their 
own silent megaliths better and it is to be 
hoped that another symposium can be 
arranged in the near future and 
certainly not a Maya Long Count away! 








Aubrey Burl is a lecturer and broadcaster and 
author of Stone Circles of the British Isles. 
Prehistoric Avebury and Rings of Stone 
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Extragalactic jets: facts and fancies 


from Peter Scheuer 


PHitip MorriSON (MIT) called them 
“fountains of radio stuff’’ but for most 
participants at the IAU symposium* on 
extragalactic radio sources they were 
“Gets”. Narrow bands of radie emission 
linking compact nuclei and extended struc- 
tures have now been observed in nearly 100 
sources, and their interpretation as high- 
velocity streams of plasma has become 
widely accepted. But there the certainty 
stops: we do not know whether high 
velocity means 3x 10° or 3x10 m s! or 
something in between. Of the twenty 
questions posed by Jan Oort (University of 
Leiden) at the outset, the only ones to 
attract a substantial number of attempted 
solutions were the question of whether jets 
are relativistic and the related question of 
whether jets in powerful radio sources are 
one sided intrinsically or only appear so 
because of relativistic beaming. 

After reviews of extended radio 
structures and the hot gas aroand them 
revealed by X rays, Bridle (Naticnal Radio 
Astronomy Observatory, NRAO) 
summarized the systematic features 
observed in a large sample of jets with the 
Very Large Array (VLA). Feeble radio 
galaxies generally have two jets, emerging 
from opposite sides of the nucleus, with the 
magnetic field sometimes oriented along 
the jet close to the nucleus, but pre- 
dominantly transverse along mast of their 
length. Powerful radio galaxies exhibit jets 
more rarely, on one side only, and with the 
magnetic field preferentially parallel to the 
jet. This magnetic field geometry correlates 
even more strikingly with the radio power 
of the nucleus than with the total radio 
power. Variations of surface brightness 
and of width along the jets provide clues to 
their interaction with their surroundings. 
They do not fade with distance at anything 
like the rate a free ballistic jet should, nor 
do they expand sideways with a uniform or 
monotone increasing angle. These two 
facts indicate that the jets are confined by 
some external pressure and that they 
suffer some dissipation of energy. 
There is even a hint of longitudinal mag- 
netic field along the borders of the trans- 
verse-field part of the jet in NGC6251, 
suggesting shear. The need for external 
confinement is particularly severe for the 
powerful jets discovered in several quasars 
by Wardle, Potash (Brandeis University) 
and Dreher (NRAO); the pressure required 
exceeds the ambient pressure indicated by 
X-ray observations and lacks a convincing 
explanation. 

Depolarization of jet NGC6251 (Willis, 
Westerbork University) by Faraday 





*The JAU symposium no.97 was held at Albuquerque, New 
Mexico on 3~7 August 1981, 
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rotation gives an estimate of its density, 
and leads (via an energy argument given by 
Saunders ef al.) to an upper limit for the jet 
speed of a few tenths of c. This is a crucial 
result, but the observations are not yet un- 
equivocal, and the depolarization could 
still arise from rotation in irregular 
structure in front of the jet. Indeed, slow (a 
few 100 km s!) emission line regions have 
been observed at the edges of radio 
Structures in some sources (Heckmann, 
University of Arizona; van Breugel, Kitt 
Peak National Observatory; Fosbury, 
Royal Greenwich Observatory; Price, 
University of New Mexico) and the radio 
emission is often depolarized where the 
emission lines are seen. 

Wilkinson (Jodrell Bank) showed some 
of the beautiful maps now being made with 
the multiple telescope radio link inter- 
ferometer, some with a dynamic range of 
thousands. Conway (Jodrell Bank) used 
such a map of 3C273 to argue that its 
structure is intrinsically one sided. Smarr 
(representing Norman; Winkler, Max 
Planck Institute, Munich; Smith and 
himself, University of Illinois) reported 
numerical simulations of the axisymmetric 
fluid flow caused by a jet propagating into 
a still gas. Their numerical code uses 
several clever techniques and a much finer 
grid than earlier work, and should become 
a powerful theoretical tool. 

Readhead and Pearson (Caltech) 
reviewed the morphology revealed by 
about 200 ‘proper VLBI maps’ (those 
made with closure phase and adequate u-v 
coverage) of some 50 sources at various 
epochs and/or frequencies. The majority 
have some well resolved structure, and 
most of these are of the familiar highly 
asymmetric core + jet type. In six sources 
that also have large-scale symmetric double 
structures, the jet is well aligned with it; 
where the large-scale structure is one sided 
the alignment is less good, and sometimes it 
lies on the side of the nucleus opposite the 
VLBI jet. Perley (NRAO) reported a weak 
asymmetric extended structure in about 
half of a large sample of ‘compact’ radio 
sources. 

There are some VLBI pseudo-doubles, 
which look fairly symmetric at one 
frequency but reveal at a higher frequency 
that one of the components ts a dominant 
core which was heavily self-absorbed, but 
there are others that appear to be genuine 
symmetric VLBI doubles with similar steep 
spectra and some tens of marc s separation. 
So far there is no evidence for (or against) 
superluminal motion in these ‘genuine 
doubles’. Cohen (Caltech) reviewed super- 
luminal motions; of seven sources properly 
mapped at several epochs, six show super- 
luminal motion (3C120, 179, 273, 279, 345, 
NRAO140) ranging from 2.8c to 8.2¢ or 


even 10c, while 4C39.25, with similar radio 
power and redshift, stands still (y < 0.2c) 
(all speeds given in this report correspond 
to H = 100 km s! Mpc’). 3C179 (Porcas, 
Max Planck Institute) is of particular 
interest as it was discovered by its large- 
scale double structure, which dominates at 
low frequencies, so there is no obvious 
possibility of any selection in favour of a jet 
aligned close to the line of sight. Mutel 
(University of Iowa) reported that BL Lac 
had a large outburst and turned itself into a 
triple with apparent motions of 4c and (if 
the weak new component was ejected 
rather than just becoming brighter) 20c 
relative to the middle component. Romney 
(Max Planck Institute) showed that 3C84 
(NGC1275), which had earlier resembled a 
pumpkin, had also turned itself into a 
plausible triple, but with an expansion rate 
of only 0.27c. 

There is a complex of overlapping but 
non-identical types of source, called BL 
Lac (characterized by weak or no emission 
lines), OVV (optically violently variable) 
and HPQ (high polarization quasars); the 
latter were discussed by Moore, Stockman 
and Angel (University of Arizona). Most 
quasars are < 2 per cent polarized in the 
optical continuum; the few having stronger 
polarization (typically 4-20 per cent) are 
mostly OVVs with steep optical spectra, 
and all are radio sources (except 
PHL5200), but with no extended radio 
lobes. Most superluminals (but not all: 
3C273 and 120 are exceptions) are HPQs. 
The ‘relativistic jet’ interpretation of these 
would be that they are extreme examples of 
jets seen end-on, so that the optical 
radiation, too, is dominated by polarized 
synchrotron continuum from the jet, the 
emission lines are therefore relatively 
weak, and the extended radio emission 
observed in about half of them appears in 
projection like a roundish halo (Stannard, 
Jodrell Bank) instead of a jet or a double 
structure. However, they are clearly not 
archetypal quasars seen exactly end-on, for 
their apparent luminosities would then be 
far too high, and besides, the BL Lacs 
originate in the nuclei of giant ellipticals 
(Weistrop, NASA-Goddard Space Flight 
Center), like radio galaxies of moderate 
power, whereas quasars are associated with 
ellipticals of normal stellar luminosity 
(Wehinger; Wyckoff, Arizona State 
University; and Gehren, Max Planck 
Institute). 

Low-frequency variability is now firmly 
established and was reviewed by Fanti 
(University of Bologna). It sets a par- 





Peter Scheuer is in the Depariment of Physics, 
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ticularly testing problem for the relativistic 

beaming theories popular among VLBI 
observers, as the high apparent brightness 
temperatures (up to 10!°K) require high-y 
jets very close to the line of sight, and con- 
sequently cause statistical embarrassments 
in hiding the numerous jets not pointing at 
us. It was therefore particularly interesting 
to hear of two classes — those whose varia- 
tions correlate well with variations above | 
GHz, and the rest whose low-frequency 
variations may have a different physical 
cause — and that BL Lacisthe archetype of 
the former class. Unfortunately very few 
objects can as yet be classified in this way. 

Sherwood and colleagues (Max Planck 
Institute) reported a very high detection 

-rate of optically selected quasars at A ~ | 
mm; the fluxes lie on an extrapolation of 
the optical spectra and well above the extra- 
polated radio spectra. Infra-red obser- 
vations were reviewed by Rieke (University 
of Arizona) and exploited by Lilly (Royal 
Observatory, Edinburgh) and Puschell, 
Owen and Laing (NRAO) to obtain 
spectrophotometric redshift estimates for 
very distant radio galaxies. 

The fact that radio-quiet quasars have 
stronger Fe 11 lines than radio-loud quasars 
now appears well established 
(Oosterbrock, University of California, 
Santa Cruz; B Wills, University of Texas), 
but the weakness of the iron lines may be 
associated only with the steep radio 
spectrum sources with extended structure 
while the flat-spectrum core-dominated 
sources have iron lines more like the radio- 
quiet quasars. 

The observations of large-scale (21 kpc) 
jets strongly suggest that their speeds are a 
few tenths of a c or less, while the pre- 
valence of fast variations and superluminal 
velocities (always outward) makes it 
difficult for VLBI observers to abandon 
the idea of ultrarelativistic jets on a small 
scale. Apart from statistical difficulties in 
losing the many quasars whose jets do not 
point at us, there are theoretical difficulties 
in slowing down jets without quietly losing 
very large amounts of energy. The only 
case where we are sure of the speed is the 
galactic source SS433, in which VLA 
observations incontrovertibly show a pair 
of precessing jets (thanks to a period of 164 
days instead of megayears). Hjellming 
(NRAO) presented a comprehensive 
analysis leading to a distance of 5.5 kpc and 
an ejection speed of 0.26c, the latter 
confirming earlier optical work. How far 
Should one take the analogy with larger 
specimens? Only one or two of the 200 or so 
maps shown resembled S8433 (specifically, 
one shown by Gower, University of 
Victoria), though several more showed 
possible evidence of precession. If a jet 
originates near a black hole it is expected to 
be fast, but not with a lorentzian factor 25 
unless the jet consists of electrons and 
positrons rather than electron-ion plasma 
(Rees, University of Cambridge). Thorne 
(Caltech), in a magnificent exposition of 
the ways of precessing a black hole and of 
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Exploiting geomagnetic data 


from S.R.C. Malin and D.R. Barraclough 


IT costs about £20,000 per year to run a 
modern, efficient geomagnetic 
observatory. (It costs very little less to run 
an obsolete, inefficient observatory, but 
that is another story.) Whilst annual 
mean values are not the only output from 
observatories, they are some of the most 
valuable, particularly for studies of the 
main geomagnetic field and its secular 
variation, which provide the only in- 
formation we have on the detailed 
dynamics of the Earth’s core. Accurate 
estimates of the secular variation require 
a continuous series of annual mean values 
extending over a number of years. In view 
of the high cost of acquiring these data, it 
is desirable that the effort put into 
analysing them does full justice to their 
information content. This -has seldom 
been possible in the past. 

Over the past few years, the develop- 
ment of inverse theory (see the review by 
Parker A. Rev. Earth planet. Sci. 5; 35, 
1977) has provided the means of deriving 
not only optimum models from given 
data sets but also reliable estimates of 
their uncertainty. Because of the physical 
complexity of the Earth’s magnetic field 
and the mathematical complications of 
inverse theory, the application of this 
method to geomagnetic field modelling 
has been long delayed. In a recent paper, 
Whaler and Gubbins (Geophys. Ji R. 
astr. Soc. 65; 645, 1981) have gone some 
way towards rectifying this. 

Most previous attempts to model the 
geomagnetic field have used the classical 
methods of spherical harmonic analysis 
and have paid scant attention to errors. 
Whaler and Gubbins examine the validity 
of such procedures in the light of the 
recent developments in inverse theory 
and enquire whether a better description 
of the field might not be obtained froma 
somewhat different analysis of the data. 
Much of the work is involved with the 
mathematics of casting the problem in a 
form suitable for treatment by linear 
inverse theory. As an example of the use 
of the method, the authors apply it toa set 
of data based on observatory annual 
mean values and compare the resulting 
spherical harmonic coefficients with 


extracting energy from it, showed that if 
one feeds it a balanced diet, including 
magnetic field, it will inevitably produce a 
Poynting flux and very probably electron- 
positron pairs. 

Baldwin (University of Cambridge) dis- 
cussed the evolutionary tracks of 
individual sources in the size~luminosity 
plane. On the evolution of the source 
population and the double quasar, 
Maarten Schmidt, in a conciliatory mood, 
allowed that as many as 2 per cent of 
quasars could be local objects, while 
Barnothy appeared at last in his rightful 













those derived by the classical method, 
Such a data set is very small compared | 
with those used in modelling the main. 
geomagnetic field but is similar to those 
used in some studies of the secular | 
variation. The authors concede that com- | 
putational costs would prevent the exten-./ 
sion of the method to large data sets: 
Although i inverse theory can, in principle, 
give realistic estimates of the uncer- 
tainties of the resulting model, several) 
technical problems have yet to be solved |: 


before such estimates can be obtained in | 


the geomagnetic case. The main conm-) = 
clusion of this part of the paper, that the | 
coefficients derived by inverse theory 
have little advantage over those derived 
by classical means, may seem trivial. 
However, this is far from being an 
obvious result and it is valuable to have it 
set on a firm mathematical basis. | 
The derivation of spherical harmonic | 
coefficients is only part of the problem. | 
For studies of core dynamics we reguire 
optimum estimates of the values of the 
field components at the surface of the 
core, together with their uncertainties. 
Whaler and Gubbins examine this part of 
the problem in terms of the spherical | 
harmonic coefficients and the distribu- | 
tion of the data from which they are 
derived, again using the methods of 
inverse theory. While they reach no very} 
firm conclusions, their formulation. of 
the problem and their investigation. of 
various smoothing procedures break 
valuable new ground and lay the. 
foundations for future work. | 
Application of inverse theory to. the | 
modelling of the main geomagnetic field | 
and its secular variation should thus help | 
to exploit more fully the costly obser- | 
vations which are the basis of our know- 
ledge of the field. Whaler and Gubbins 
have made a beginning: it remains for 
field modellers in general to assimilate | 
their results and apply them, where | 
possible, to the production of future | 
models. | 





S.R.C. Malin and D.R. Barraciough are in the | 
Geomagnetism Unit, Institute of Geological | 
Sciences, Edinburgh. 


role as a member of the astronomical 
establishment. 

Finally, in the most intriguing talk of the 
symposium, Rudnick (University of 
Minnesota) exhibited transparencies to 
demonstrate that hotspots and other bright 
features are not truly symmetric, but rather 
interleave when their positions are 
reflected through the optical nuclei. 
Rudnick concluded that the nuclear engine 
ejects on one side at a time; but there are 
stranger implications than that, which will 
shed much new darkenss on theoretical 
models if the facts are confirmed. E 
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Plasma diagnostics in an astrophysical setting 


from David J. Helfand 


PLASMA DIAGNOSTICS using high- 
resolution X-ray spectroscopy is a field of 
expanding importance in both fusion 
reactor research and high-energy astro- 
physics. In the laboratory, the goal is to 
measure temperatures and dens#ties of the 
confined plasma and to chart the spatial 
and temporal distribution of impurities, 
which, through radiation losses, limit the 
all-important density/confinement time 
product in Tokomak machines. The aims 
of the astrophysicist are remarkably 
similar: to determine the temperature and 
density distribution in the emitt:ng region 
and to derive the elemental aburdances of 
the hot gas. The primary difference be- 
tween the two fields is the factor of ~ 10°° 
in the distance of the observer from the 
source. 

The Einstein Observatory X-ray tele- 
scope was launched nearly 3 yr ago, 
carrying instruments designed to probe 
celestial sources emitting radiation in the 
0.1-5 KeV band (corresponding to 
temperatures of 10°-10°K). Although 
many of the most spectacular early results 
were obtained with the observatory’s two 
imaging detectors (see J.L. Culhane 
Nature 284; 509, 1980 and D.J. Helfand 
Nature 285, 133, 1980), nearly 2) per cent 
of the satellite’s lifetime was devoted to 
spectroscopy. The increasing number of 
significant new results beginning to emerge 
from these observations serve to emphasize 
the coming of age of X-ray astronomy as a 
result of the Einstein mission. 

Supernovae are the dominant generators 
of hot gas in the Galaxy. The expanding 
shock from the explosion heats the ambient 


100 years ago 
THE FOG 


A remarkable phenomenon occurred in New 
England on September 6, almost exactly 
similar to one that occurred in the same region 
on May 19, 1780. The Springfield Daily 
Republican describes it as follows: In this city 
the day began with a slow gathering of fog 
from all the watercourses in the early hours, 
the thin clouds that covered tne sky at 
midnight seemed to crowd together and 
descend upon the earth, and by sunrise the 
atmosphere was dense with vapour, which 
limited vision to very short distances, and 
made those distances illusory; and as the sun 
rose invisibly behind, the vapours became a 
thick, brassy canopy, through which a strange 
yellow light pervaded the air and produced the 
most peculiar effects on the surface of the 
earth. This colour and darkness lasted until 
about three o'clock in the afternoom, once ina 
while lightening, and then again deepening, so 
that during a large part of the time nothing 
could be done conveniently indoors without 
artificial light. The unusual complexion of the 
air wearied and pained the eyes. The grass 
assumed a singular bluish brightness, as if 
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medium to temperatures of 10’-10°K, 
ionizing the diffuse gas, evaporating cold 
interstellar clouds and enriching the 
material with heavy elements generated 
during the lifetime of the exploding star 
and/or in the explosion itself. For ~ 10 yr 
the expansion is adiabatic, with the kinetic 
energy of the shock being steadily conver- 
ted to the thermal energy of the hot gas. 
Then radiation losses become significant 
and the temperature of the supernova 
remnant (SNR) begins to decline, until ulti- 
mately, the ions recombine, the shock dis- 
sipates and the remnant becomes indistin- 
guishable from the interstellar medium. 
This general model of SNR evolution has 
been discussed for over a decade, but many 
important aspects, such as the dynamics of 
the shock wave in a non-uniform medium 
and the amount of heavy element enrich- 
ment, are just beginning to be explored 
both theoretically and observationally. 
Early data from the moderate-resolution 
instrument on Einstein, the solid-state 
spectrometer built by the Goddard Space 
Flight Center, showed strong lines of 
silicon, sulphur, argon and magnesium in 
the spectra of several young SNR (Becker 
etal. Astrophys J. 243, 1.73; 235, 1.5; 237, 
L77; 1980), implying that the X rays arose 
in a multi-temperature medium containing 
substantial overabundances of the silicon 
group elements. The instrumental 
resolution of ~ 150 eV was, however, in- 
sufficient to resolve the individual tran- 





David J. Heifand is Assistant Professor of 
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every blade were tipped with light. Yellow 
blossoms turned pale and gray; a row of 
sunflowers looked ghatly; orange nasturtiums 
lightened; pink roses flamed; lilac-hued phlox 
grew pink; and blue flowers were transformed 
into red. Luxuriant morning-glories that have 
been blossoming in deep blue during the 
season now were dressed in splendid magenta; 
rich blue clematis donned an eugally rich 
maroon; fringed gentians were crimson in the 
fields. There was a singular luminousness on 
every fence and roof-ridge, and the trees 
seemed to be ready to fly into fire. The light 
was mysteriously devoid of refraction. One 
sitting with his back to a window could not 
read the newspaper if his shadow fell upon it 
-—— he was obliged to turn the paper aside to the 
light. Gas was lighted all over the city, and it 
burned with a sparkling pallor, like the electric 
light. The electric lights themselves burned 
blue, and were perfectly useless, giving a more 
unearthly look to everything around. the 
darkness was not at all like that of night, nor 
were animals affected by it to any remarkable 
extent. The birds kept still, it is true, the 
pigeons roosting on ridge-poles instead of 
flying about, but generally the chickens were 
abroad. A singular uncertainty of distance 


sitions which can be used as sensitive 
probes of plasma conditions within the 
sources. 

The Astrophysical Journal Letters (15 
May) reports the first results on the X-ray 
emission from SNR obtained with the 
other major spectrometer on Einstein, the 
focal plane crystal spectrometer (FPCS) 
built by MIT. The instrument consists of a 
curved crystal placed at the focus of the 
X-ray telescope; X rays meeting the Bragg 
condition are reflected from the crystal 
onto an off-axis, position-sensitive pro- 
portional counter. The crystal can be 
rocked back and forth during observation 
to scan a small band of energies (typically 
~ 50 eV) around a preselected spectral 
feature. The instrument covers the energy 
range 0.2-3 keV with a resolving power 
AE/E of 50-500. Due to the small effective 
area of the device (~1 cm’), long inte- 
grations (up to half a day) are required to 
scan each potential line. 

The data presented are for the relatively 
old SNR Puppis A; nearly continuous 
coverage over the range 500-~1,100 eV 
(representing 4 days of observing time) has 
been achieved and a total of eight isolated 
lines and three line blends detected. The 
dominant features are the resonance lines 
of helium-like oxygen and neon ions, 
although other ionic species of these ele- 
ments and lines of iron and nitrogen are 
also detected. All the features have been 
previously observed from the hot coronal 
plasma above active regions on the Sun. 

Several factors determine the observed 
line intensities, including the temperature 
distribution of the plasma, its ionization 


prevailed, and commonly the distances 
seemed shorter than in reality. When in the 
afternoon the sun began to be visible through 
the strange mists, it was like a pink ball amidst 
yellow cushions — just the colour of one of 
those mysterious balls of rouge which we see at 
the drug-stores, and which no woman ever 
buys. It was not ull between five and six 
o’clock that the sun had sufficiently dissipated 
the mists to resume its usual clear gold, and the 
earth returned to its everyday aspect; the grass 
resigning its unnatural brilliancy and the 
purple daisies no longer fainting into pink. 
The temperature throughout the day was very 
closed and oppressive, and the physical effect 
was one of heaviness and depression. What 
was observed here was the experience of all 
New England, so far as heard from, of Albany 
and New York city, and also in Central and 
Northern New York. In reference to this 
phenomenon the New York Nation suggests 
that it may be worth the while of weather- 
observers to note the approximate coincidence 
between the interval separating the two dark 
days in New England (May 19, 1780, and 
September 6, 1881) and nine times the sun- 
spot cycle of eleven years, 

From Nature 24, $40, October 6, 1881. 
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structure and elemental abundances, 
energy-dependent absorption by inter- 
stellar material along the line of sight to the 
source and the sometimes rather poorly 
known atomic physics parameters. By 
taking appropriate ratios of line strengths, 
however, many of these uncertainties can 
be eliminated. For example, comparison of 
lines from different ions of the same ele- 
ment (such as O vii and O viii, Fe xvi and 
Fe xvi) leads to a well defined ionization 
temperature for the plasma, assuming 
ionization equilibrium obtains. This 
assumption may be tested by comparing 
the relative strengths of the singlet and trip- 
let lines from a single ionic species; for 
Puppis, although some net ionization of 
He-like to H-like ions may be occurring, 
the plasma seems close to equilibrium, as 
would be expected for a remnant of this age 
(~ 5,000 yr). The required temperature 
range of 2-5x 10°K probably exists as a 
result of density inhomogeneities in the 
initial structure of the interstellar medium 
before it was heated by the shock. 

Likewise, taking ratios of Oand Neto Fe 
line strengths and then comparing these 
with the same ratios in the solar corona 
allows elemental abundances to be derived 
which are substantially independent of 
many of the uncertainties. Choosing lines 
of nearly equal energies for two elements 
eliminates the effect of interstellar 
absorption and implies nearly equal 
Boltzmann factors in the expressions for 
line emissivities; comparing these ratios 
with solar ratios then eliminates any 
remaining errors in the adopted atomic 
physics parameters. The analysis of the 
FPCS spectrum of Puppis indicates a clear 
departure of the O/Fe and Ne/Fe ratios 
from normal cosmic values. Although the 
data do not distinguish between an under- 
abundance of iron, due, for example, to 
trapping in interstellar dust grains, and an 
overabundance of oxygen and neon, the 
former is difficult to reconcile with current 
ideas about grain formation and 
destruction. An overabundance of oxygen 
would be expected if ejecta from the inner 
regions of the exploding star were mixed 
with normal-abundance interstellar 
matter. However, as the remnant has 
already swept up >100 solar masses (Mọ ) 
of the interstellar medium, the absolute 
amount of new oxygen required is rather 
high: 2-18 Mo depending on the distance 
to the source and the exact value of the 
mean oxygen overabundance. This would 
require that the supernova progenitor was 
a very massive star (> 25 Mọ ), marking 
Puppis A as the remnant of one of those 
relatively rare events which may dominate 
the chemical evolution of the Galaxy. 

The Puppis spectrum is among the first 
of the FPCS SNR data to be published. 
Exciting new results soon to follow include 
the discovery of an asymmetry of several 
thousand kilometres per second in the 
expansion velocity of the youngest 
remnant CasA, the detection of strong 
lines of oxygen from the distant remnants 
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in the Large Magellanic Cloud and the 
detailed analysis of the spectra of remnants 
younger and older than Puppis. These data 
will provide important new insights into 
problems ranging from the masses and 
structure of supernova progenitors to the 
structure of the interstellar medium and the 
nucleosynthesis of heavy elements in the 
Galaxy. Unfortunately, the existing data 
base is all that astronomers can hope to get 
for many years to come. With the demise of 








the Einstein satell#e last April, the only 
operating X-ray satellite is the small 
Japanese X-ray burst detector Hakucho. H 
will be over a year until ESA’s EXOSAT is 
launched, at leas: 5 yr until the next 
American satellite end nearly a decade until 
the follow-on to Einstein is operational. 
There will certainly be time for the most 
thorough digestior of the existing X-ray 
data; one can only hope that starvatio: 


does not ensue. 4 


New discoveries from the 
interstellar laboratory 


from Eva N. Rodríguez Kuiper 


IN recent years the list of sulphur- 
containing microwave interstellar 
molecules has been increasing steadily. We 
now have seen SiS, CS, NS, SO, OCS, SO,, 
H,S, HNCS, H,CS, CH,SH and HCS*. 
The identification of this last molecule, the 
only ion in the list, is the culmination of a 
series of experiments performed by two 
groups of scientists. The first group, of P. 
Thaddeus and M. Guelin at the Goddard 
Institute for Space Studies and R. Linke at 
the Bell Telephone Laboratories', used 
various radiotelescopes, such as the NRAO 
11 m, the University of Texas 5 m and the 
Bell 7 m dishes, to search for interstellar 
clues at 85 GHz. The second group, a team 
of scientists at the Department of 
Chemistry, University of Wisconsin in 
Madison’, performed the terrestrial 
laboratory measurement which led to the 
confirmation of the interstellar laboratory 
detection. 

Ion chemistry has an important role in 
the formation of interstellar molecules 
since ion—molecule reactions can proceed 
more rapidly than molecule~molecule 
reactions at the low temperatures of the 
interstellar medium. The identification of 
ions in the interstellar medium is necessary 
to confirm theoretical models for the syn- 
thesis of interstellar molecules. Unfor- 
tunately, microwave ion spectroscopy is 
difficult in the terrestrial laboratory and 
only in recent years have scientists 
succeeded in measuring the spectra of a 
very few of these important interstellar 
species. 

The history of interstellar ions in the 
microwave band dates to the famous 
discovery’ in 1970 of X-ogen — an 
unidentified molecule seen in many 
sources. Ab initio quantum mechanical 
calculations’ suggested that X-ogen was 
the formyl ion, HCO*, and a prediction 








Eva N. Rodriguez Kuiper is in the Jet 
Propulsion Laboratory, California Institute of 
Technology. 





for transitions of the isotopic ion, HYCO> 
was madet, Witain a year the isotopic 
species was tentatively identified in the 
interstellar medium‘. Finally’, a chemical 
name was given to X-ogenin 1975 by taking 
the microwave spectrum of the formyl ion 
in the laboratory and verifying the inter- 
stellar line at a frequency of 89,188,544 
MHz. The isotopi: HCO* line was also 
verified in the labcratory. 

In 1975, CO* was also measured in the 
laboratory’, but this ion was not observed 
in interstellar clouds until recently’. The 
laboratory spectrum of N,H*, originally 
observed'? in the interstellar medium in 
1974 and tentative y identified on the basis 
of a quantum-mechanical calculation", 
was obtained’? in 1976. Now HCS* has 
been added to the list of ions of astro- 
physical interest observed in the 
laboratory. 

The path that led Thaddeus and his 
colleagues to the discovery of HCS?* wasa 
search for a pattera in the source-to-source 
behaviour of three unidentified lines. The 
lines, designated A, B and C, formed a 
triplet at 85 GHz which has been seen in the 
molecular source SerB2 in the centre of our 
Galaxy. The triplet formed in other sources 
— Orion A, DR21, TMC-1 and W3 — but 
the relative intensities of A, B and C 
showed a larger variation than could be 
explained by temperature effects. A search 
was then begun for harmonic patterns for 
each line by searching for additional lines 
at 1/2, 5/4, 4/3 and other simple ratios of 
the original frequencies. After a 3-year 
search at Texas and Arizona, they moved 
on to the Bell Laboratories telescope where 
success was finally achieved. Lines were 
found at 3/2B, $/«C, 3/2C, §/2B and 3B. 
These detections severely constrain the 
mass and structure of the molecules B and 
C. Line B was deduced to be HCS? 
observed in the /= 2~1, 3-2, 5—4 and 6-5 
transitions. Line © has been tentatively 
identified as either HOCO:* or HOCN, 
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Line A presents a more complex puzzle yet 
to be solved. 

Interstellar chemists have te use micro- 
wave ion spectroscopy in the interstellar 
medium to fill in the gaps as chemical 
models of the interstellar medium are 
poorly constrained. Synergistic obser- 
vations of chemically related species are 
required to refine models of interstellar 
clouds and observations of icns are par- 
ticularly important since ion—molecule 
reactions are a key synthetic process in the 
clouds. The HCS* ion is probably 
synthesized by reaction of formyl ion, 
HCO*, and ubiquitous H,* ion, with CS: 
H,* or HCO* + CS — HCS* + H, or 
CO. The major loss process fer HCS* is 
recombination with electrons or reaction 
with O atoms: HCS* + e ~CS + Hand 


HCS* O ~ OCS* + H. Simultaneous 
observations of HCO, HCS*, CO and 
CS can therefore lead to constraints on the 
abundance of H,*, electrons and O atoms. 

There are still scores of unidentified 
interstellar molecules and new ones are 
found as telescope sensitivities improve. 
The unscrambling of these signals via ab 
initio calculations and clever observing 
techniques combined with more laboratory 
microwave ion spectroscopy will lead to 
more ion identifications. Many of the 
interstellar lines may turn out to be exotic 
highly reactive species difficult to produce 
on Earth but which persist for longer times 
in an environment where 10° per cm? is 
considered a dense region. The added 
challenge will be to confirm the identi- 
fications in Earth-based laboratories and 


Why study palaeoecology? 


from Andrew Hill 


As well as being the art of the soluble, 
science should be the art of the relevant. A 
distinction between these normally closely 
allied scientific activities seemed occasion- 
ally rather too evident at a colloquium on 
the environment of Plio-Pleistocene 
hominids held recently in Paris*. 

Participants presented new information on 
a variety of fossil vertebrates amd on fossil 
flora known from wood fragments and 
pollen. A few contributors arrived at more 
synthetic palaeoecological conclusions 
about fossil sites in eastern and southern 
Africa, using various techniques. There 
was even some mention of the hominids 
themselves, but only in the sense of placing 
the subject in some sort of general per- 
spective. It was a little surprising to find 
practically no explicit discussior. of why we 
might be interested in the environment of 
our Plhio-Pleistocene ancestors; presum- 
ably a significant object is a better under- 
standing of major human evolutionary 
shifts in terms of adaptation. 

The main human morphological changes 
embody interesting evolutionary problems 
and it would have been valuab:e to try to 
explain them ecologically. One such prob- 
lem is the origins of bipedalism, which 
these days might be equated with the diver- 
gence of hominids from their non-hominid 
ancestors. Another is dental change, pre- 
sumably connected with changes in 
feeding, exemplified in its extreme form by 
the contrast between the Homo lineage and 
the very successful contemporary robust 
australopithecines. Yet another is the great 
increase in brain size during the evolution 
of Homo. How do all these re‘ate to en- 
vironmental and other ecological change in 


*Collaque International sur Environnement des Hominides au 
Plio-Pleistocéne held in Paris at the end of June, under the 
auspices of the Fondation Singer-Potignac, was organized by 
Professor Yves Coppens, Director of the Musee de l'Homme., 
The proceedings of the conference will be published by the 
Foundation. 


Africa during the Plio-Pleistocene? 

That these clearly identifiable problems 
were not squarely tackled may reflect some 
major methodological difficulties with 
terrestrial vertebrate palaeoecology as 
currently practised. For example, infor- 
mation in palaeoecology is very sparse; 
even where it exists its time resolution or 
spatial relevance is not easy to assess. 
Consequently there is a justifiable 
tendency, as at this meeting, to believe in 
the primacy of data, to solve any problem 
solvable and to believe any scrap of evi- 
dence relevant to the specific problems 
about which we should be concerned. In 
contrast, in neoecological work data are 
more or less unlimited and workers recog- 
nize the need to be highly selective. They 
consider their main problems first and 
secondarily judge what features of the en- 
vironment might be relevant to solving 
them. Clearly palaeoecology would benefit 
from a closer identification with its modern 
counterpart. 

But a second problem comes from too 
close an imitation, for palaeoecologists 
readily accept and try to implement the 
techniques of neoecology. For example, 
the relative numbers of different species is 
often an important parameter of modern 
terrestrial communities and so people 
working on fossil vertebrates attempt to 
calculate the relative numbers of species in 
their assemblages. Unfortunately fossil 
assemblages are not like modern commun- 
ities — the nature of the material is 
different and probably demands different 
and original approaches from those used in 
modern ecology. Instead of examining 
fossil collections with neoecological 
methods, we should probably be looking at 
them in their own terms, and referring to 
contemporary communities from this 
palaeoecological perspective. 

Modern analogues of environment and 
species behaviour are also heavily relied 
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to measure microwave transitions for other 
ions which might match up with lines 
already observed. = 
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upon. It seems so easy to say that the 
known fossil information is compatible 
with models reflecting modern environ- 
ments that it becomes difficult to envisage 
ways in which past environments could 
differ from present ones. Do palaeo- 
ecologists even possess an adequate 
vocabulary to imagine anything other than 
savannah mosaic, more or less, wetter or 
drier, bush or grassland? Perhaps we need 
make more sophisticated distinctions if 
they are to have any chance of being 
relevant to the evolution of hominids and 
other creatures. 

According to conventional criteria 
however, the meeting was a considerable 
success. The presentation and discussion of 
material possibly relevant to these more 
specific issues was very useful to those in 
the field. In addition to much new and 
basic taxonomic information, a biostrati- 
graphical scheme was put forward for the 
important Lake Turkana sequence; 
relationships between east African sites 
and the less easily dateable sites in the south 
were clarified. It was resolved to collate 
various information for different localities 
and make this more generally available. 
The colloquium demonstrated that 
successful study of palaeoecology is 
extremely difficult, although the quality of 
the information collected shows that the 
situation is far from hopeless. However, 
palaeoecologists should stop sheltering 
behind assertions that the science is in a 
primitive ‘data-gathering’ stage; we need 
to get to grips with the relevant and inter- 
esting problems instead of assuming the 
more complacent and easy posture of 
acquiring more data just because it is 
possible to acquire it, of solving ‘problems’ 
just because they can be solved. E 


Andrew Hill is a Research Fellow at the National 
Museums of Kenya and at Yale University. 
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NEW JOURNALS’ REVIEW 





Making journals fit for readers 


THE general opinion that there are too many journals is annually 
contradicted by the appearance of yet another crop. Who is 
wrong — the complainants or the publishers? The conflict is, of 
course, semantic. There are always more journals to be read than 
can be read, but there are never enough outlets for contributions 
to the continuing torrent of discovery. Those who publish new 
journals are thus merely responding to demand, which is why the 
pages that follow set out shamelessly to provide an appraisal of 
many of the clutch of new journals that have appeared for the first 
time in a period of 30 months ending about a year ago. Some of 
these publications may have only a short life; others may come to 
occupy important and permanent niches in the scientific 
literature. The reviews that follow suggest that a number of the 
journals referred to do have a chance of making the grade. 

But which? Many of the new journals differ in distinctive ways 
from conventional archival journals. Some, for example, seek to 
provide their readers with commentary and review as well as with 
original articles. One, at least, follows the pattern of some of the 
most readable of scientific journals by publishing, together with 
accounts of original work, criticisms by colleagues in the field, not 
all of them friendly. Some promise to review books, some even 
offer to print correspondence from readers. Others, 
understandably but also quite properly, are prepared to offer 
potential contributors rapid publication or a ration of reprints 
free of charge. The diversity is to be welcomed. There are signs but 
not statistics that more publishers than in recent years are seeking 
new ways with journals. That too is welcome. And even though 
the journals that have no obvious place in the pattern of the 
literature, or which appear to be badly organized, may quickly go 
out of business, that will not be the end of the world. For this is a 
field in which the survival of the fittest is a virtuous principle. 

But would it not be more sensible for the scientific literature to 
be so organized that the costs of such failures, or even the demand 
for new journals, could be avoided? This is a recurrent response to 
the general conviction that everybody has too much to read. The 
response is, however, exaggerated. Schemes such as that put 
forward in the 1950s by the late J.D. Bernal for making available 
to individuals only copies of those articles in which they have 
declared an interest have been put forward often, but are unlikely 
ever to become realities. Delays in publication, always too long, 
are sufferable but delays in winning access to what may already 
have been published are intolerable. Computer-based services for 
information retrieval are useful adjuncts to the scientific 
literature, but will never be a substitute for any part of it. 
Electronic journals (which would replace paper with computer 
terminals) have not yet proved themselves. Even though, in most 
fields, nobody can hope to read everything, most people will also 
confess that they quickly learn of the publication of important 
articles in their fields. For the formal processes of publication are 
strengthened by the network of laboratory gossip. 

The chances are that techniques for the electronic processing of 
the scientific literature will come into their own only when the 
technology of communications has advanced still further. As 
things are, most computer-based retrieval systems rely on lists of 
titles, with or without accompanying abstracts, which can be 
searched for chosen combinations of key words. Compiling the 
appropriate computer tapes is both labour-intensive and 
subjective. The ideal is that retrieval systems should be capable of 
storing scientific articles in their entirety, so that it is possible for 
potential users to retrieve not merely an author’s conclusions but 
the nuances with which these are invariably qualified. Systems for 


doing just this in more general fields are already operating on a 
commercial basis in the United States. Sumilar applications to the 
scientific literature will, however, have to await either the arrival 
of the time when scientific journals are set in type electronically 
(when the corresponding tapes could be fed directly into the data 
banks) or the development of computer techniques for reading 
scientific prose (mathematical equations included), 

None of this implies that conventional journals, old or new, 
need not bother to change their ways. The arrival of electronic 
communication is not the only change in the environment of 
science in the past two decades. The scale of scientific enterprise 
has grown enormously, while in some fields —- molecular biology 
is the spectacular example — the pace of discovery has become 
almost breathtaking. Perhaps more important, there has been a 
change in what might be called the texture of discovery. First, the 
tests of what constitutes an acceptable scientific article have 
become more stringent: papers are expected to be complete in 
themselves, to stand on their own feet. At the same time, it is no 
longer every author’s ambition that every article published should 
be definitive. Loose ends abound and are described 
euphemistically as topics for further investigation. If openly 
acknowledged as such, they are left dangling in the literature. The 
result is that, especially in quickly moving fields, even the formal 
literature has a certain breathless quality. 

As a consequence of the press of business and the rush to 
publish, especially in competitive fields, even the best managed 
journals can no longer be confident that their own or their 
referees’ judgements will be well-informed as well as free from 
bias. Thus a journal may publish one article but inadvertently turn 
away another coming to similar conclusions (as Nature recently did 
with two similar papers on the bacterial expression of the 
haemagglutinin gene of human influenza virus), because the 
judgement of what constitutes a significant advance is more prone 
to fluctuate with time and between individuals when papers are 
preliminary and numerous than when they are definitive and few. 

There is also an increasing number of occasions when the 
readers of journals dissent strongly from what contributors have 
to say. The two groups may share a common scientific interest, 
but their interests as journals’ users may differ profoundly. One 
small but practical consequence is that journals of all kinds must 
be prepared to let their readers make amendments to the 
conclusions of articles with which they disagree. The chief 
offenders in this respect include some of the best-known journals 
published by the learned societies. Yet the example of the 
innovations recently introduced to Physical Review Letters 
(which now permits contributions similar to “Matters Arising” in 
this journal) shows that society publication is not an absolute bar 
to sensible policies. 

There are other ways in which readers may be helped. Prudent 
journals will increasingly seek more positive ways of satisfying the 
needs of their readers. It is natural that commercial publishers, 
who live by subscriptions, should be the chief among the sources 
of innovations in the interests of readers in the pages that follow. 
Much, however, remains to be done. If information retrieval is a 
serious problem, might not specialized bibliographies be a 
valuable service for the readers concerned? If international. 
conferences are an important means of communication, can even 
the more sedate journals continue to ignore them? And if bad 
grammar and other causes of obscurity are impediments to 
understanding, can learned journals continue to give Nouse ers 


to gobbledegook? s 
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IN SPITE of the economic problems of both 
libraries and publishers, new journals 
continue to be produced anc nowhere 
among the various subject arzas is this 
more apparent than in biochemistry and 
moiecular biology. Leaving aside the 
publisher who adopts a policy of ‘‘suck it 
and see’’, in that he spawns new journals 
comparatively irresponsibly on the basis 
that at least a proportion will succeed, there 
are a variety of sound reasons for the con- 
tinued production of new journals, 

Among the more compelling of these is 
the need to package research papers and 
reviews in a way that attracts subscribers. 
The large general journals continue, but in 
order to survive they must attract con- 
tributions on an international basis and 
they must be large for otherwise a reader is 
unlikely to find in any one issue something 
of interest. The same probably applies to 
general journals specializing in the rapid 
publication of short papers. Because of 
their size the successful general journals are 
bound to command a high subscription 
price; for this reason and because the 
individual reader finds that only a very 
small proportion of the papers are of 
interest to him, there has been a demand 
for more specialist journals, aimed at a 
more circumscribed readership. 

The new publications covered in this 
review are all specialist, although the tag 
may be interpreted in two ways. First, there 
are those which are focused on a specific 
sub-discipline (or, as its practitioners might 
like to think, emerging discipline}. Second, 
a larger group attempt to set up new areas 
of specialization by encouraging 
contributions which take account of 
research in different areas. 

Both can be laudable aims. Bu: although 
a new journal of traditional concept may 
get by, even be successful, one also looks 
for the application of fresh ideas to the 
tangled question of taking the right 
information to the right people. If nothing 
else, these 13 titles are, taken together, a 
manifestation of the virility of the 
publishing industry. Sadly, though, that 
extra ingredient — imagination in their 
approach to their subjects — is largely 
absent. 

Perhaps the most unusual of all the new- 
comers is the Key Reports in Cell and 
Molecular Biology, part of ‘‘an integrated 
publication system’’, RCS Medical 
Science. Some 32 specialist journals 
covering selected disciplines provide a 
medium for the rapid publication of 
concise accounts (1,000 words, or so) of 
original results from all areas of biomedical 
research. The two Key Reports (tie other is 





P.N. Campbell 


IRCS Medical Science: Key Reports in Cell 
and Molecular Biology, Editor M.R.J. 
Morgan. 12/yr. (Elsevier-IRCS, 
Lancaster, UK.) £50 UK, $125 elsewhere. 
Prostaglandins and Medicine. Executive 
editors D.F. Horrobin and M. Karmazyn. 
12/yr in 2 vols. (Churchill Livingstone.) 
£80, $180. Cell Calcium. Editor R.M. 
Case. 6/yr. (Churchill Livingstone.) £40, 
$90. International Journal of Biological 
Macromolecules, Managing editor Stella 
Dutton. 6/yr. (IPC Science & Technology 
Press.) 1981: $195 US, £75 UK and 
elsewhere. Enzyme and Microbial 
Technology. Editors J.F.Kennedy and 
O.R. Zaborsky. 6/yr. (IPC Science & 
Technology Press.) 1981: $46.80 US, £18 
UK and elsewhere (personal); $156 US, £60 
UK and elsewhere (institutional). 
Biological Trace Element Research. 
Editor-in-chief G.N. Schrauzer. 4/yr. 
(Humana.) $80. Cell Biophysics. Editor N. 
Catsimpoolas. 4/yr. (Humana.) $80. 
Journal of Biochemical and Biophysical 
Methods. Managing editor C.F. Chignell. 
12/yr in 3 vols. (Elsevier/North-Holland 
Biomedical.) Dfl.606. Membrane 
Biochemistry. Editors-in-chief A.E. 
Shamoo and G.F. Sachs. 4/yr. (Crane, 
Russak.) $70. Journal of Receptor 
Research. Editor D.F.H. Wallach. 6/yr. 
(Dekker.) $37.50 (personal); $75 
(institutional). Calcified Tissue 
International. Editor-in-chief L.V. Avioli. 
6/yr. (Springer-Verlag.) DM 480. Journal 
of Muscle Research and Cell Motility. 
Editors R.T. Tregear and C.C. Ashley. 
4/yr. (Chapman & Hall.) £23.50 UK 
(personal); £46.50 UK, £56 elsewhere 
(institutional). Muscle and Nerve. Editor 
W.G. Bradley. 9/yr. (Wiley.) $70 US, $85 
elsewhere (personal); $80 US, $95 else- 
where (institutional). 


Human and Animal Physiology) contain a 
monthly selection of about 20 papers 
considered to be of particular significance, 
and each covers a broader field than any 
one of the specialist journals. 

In this system, speed is of the essence, 
and publication is certainly rapid, papers 
taking only four to eight weeks from 
receipt to appearance. For readers, the 
limitation on length of contributions is 
attractive since one can rapidly get the gist 
of the story. Yet the drawback would 
appear to be that the back-up material will 
be difficult to trace (if, indeed, it is 
published at all) and I suspect that the best 
research work will not appear in this form 
— at least not until the economic crisis 
forces it. Nevertheless this is an interesting 
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system and possibly an indication of future 
trends. 

Another innovation, albeit less 
encompassing, characterizes the two 
Churchill Livingstone publications 
covered here — Prostaglandins and 
Medicine (PM) and Cell Calcium (CC). At 











the end of each issue, both publish a biblio- 
graphy on their respective areas of interest 
which is prepared by the University of 
Sheffield Biomedical Information Service. 
This is doubtless a useful service to readers 
and one that could with profit be adopted 
elsewhere. 

PM aims to publish all types of work on 
prostaglandins, studies related to medicine 
being particularly welcome, and con- 
tributions appear in the form of research 
papers, reviews and case reports. The 
arrival of PM means that there are now two 
journals to service this field, the other 
being the already established 
Prostaglandins; there seems to be room 
enough for the two of them, since both 
contain good papers. 

Like its stablemate, CC hopes to attract 
contributors and subscribers from both 
pure science and medicine. The journal 
carries original research papers and 
reviews, and its succinct title sums up its 
scope — the regulation of cell calcium itself 
and the regulation by calcium of cell 
function. 

Apart from the difference in subject 
matter, a large gulf in price separates PM 
and CC. The two journals are both camera- 
ready productions (CC being of a slightly 
higher standard) and both are due to 
appear monthly during 1981, but the 
higher cost of PM over the year is justified 
by the comparatively large numbers of 
papers included in each issue (12-14 com- 
pared with 5-7 in CC). Layout in both 
journals is somewhat over-generous; for 
example in the June 1981 issue of PM there 
is a lot of space wasted by figures which 
could have been replaced by a statement 
that ‘‘no significant alteration in —ase 
activity was observed from control values 
at any of the calcium concentrations 
examined” (pp.635, 636). 

In this collection of new journals, the 
two IPC journals stand out immediately by 
the quality of their production. Both would 
not be out of place on a coffee table — 
perhaps not surprisingly, because the Inter- 
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national Journal of Biological Macromole- 
cules (IJBM) and Enzyme and Microbial 
Technology (EMT) come under the 
imprint of a publishing house more famous 
for women’s magazines than science journals. 

The object of [JBM is to publish articles 
on all aspects of the structure, function and 
interactions of biological macromolecules 
and their assemblies. Contributions appear 
in the form of original research papers, pre- 
liminary communications and ‘‘Notes to 
the Editor’’, as well as in a correspondence 
column. There is little doubt that the 
various studies covered by the umbrella 
title of ‘‘biological macromolecules” 
would benefit from cross-fertilization, but 
I wonder whether there is enough cohesion 
in papers covering carbohydrates, nucleic 
acids and proteins to attract contributors 
(and subscribers) in the face of competition 
from the more specialist journals. 

EMT is also interdisciplinary in aim, and 
beautifully produced in a large format. The 
journal was launched to provide a forum 
for the coordination of biotechnology and 
bioaffinity, especially the directed use of 
enzymes and microorganisms. Research 
papers, short papers and review articles are 
accepted. The growing importance of this 
field is unquestionable, but it involves 
many scientists and engineers from diverse 
backgrounds. Only now are they learning 
how to work together, and EMT should 
help them to talk to each other. The journal 
is certainly timely and I understand that it is 
proving to be a very successful venture. 

Providing channels of communication 
between isolated fields is evidently seen by 
publishers as a boom area for the 1980s. 
Yet another interdisciplinary journal is 
Biological Trace Element Research 
(BTER), the aim of which is to emphasize 
the integrative aspects of trace metal 
research in all appropriate fields. The 
journal publishes regular papers and 
reviews with a reasonable time-lag of about 
five months. Undeniably, this is an 
expanding area of research and one which 
calls for papers that are written with a wide 
audience in mind. That this is not always 
achieved is best exemplified by finding 
papers entitled ‘‘Epidemiological Study of 
Chromium Platers in Japan’’ and 
“Chromate Metabolism in Liver Micro- 
somes’’ virtually cheek by jowl in the 
journal. Nonetheless, BTER is a well- 
produced journal that may fulfil a useful 
role in a developing area of toxicology. 

Also well produced and from Humana 
Press comes Cell Biophysics (CB). The 
journal carries original papers, and 
occasional reviews on the key 
experimental, methodological and 


theoretical investigations on cells and their 
principal organelles and subfragments by 
biophysical methods. The aim is to publish 
studies at the cellular rather than the 
biochemical level. 


CELL BIOPHYSICS 





“in international Journal 





While I can appreciate the general 
objective, in that cell biology is of much 
current interest now that we have such 
excellent means for examining cellular 
events, | would not have thought that the 
inclusion of ‘‘biophysics’’ would be an 
attractive feature. In my terms, CBis nota 
specialist journal, for the range of subject 
matter 1s so broad that each issue needs to 
contain many papers if it is to attract, and 
hold, attention. Thus far CB has not pub- 
lished a sufficient amount of material to 
make good this inherent drawback in its 
concept. i 

The scope of the Journal of Biochemical 
and Biophysical Methods (JBBM) is, in its 
different way, as broad as that of CB. Yet I 
would guess that the future of this journal 
is assured from the contributions’ side — 
there is generally no dearth of papers for a 
methods’ journal. The role that JBBM 
hopes to take is simply expressed in its title, 
and the journal publishes regular papers, 
short notes, short reviews and book 
reviews. Publication is fairly rapid, some 
five months after acceptance. 

I should confess a bias against methods’ 
journals. Biochemists do not specialize in 


_ techniques per se but in areas of science; at 


the same time, although rarely exciting, 
methods do of course provide the 
packuone to experimental research. My 





doubt about JBBM lies in the as thard ihe 
papers in the four issues available to me in 
the main report modifications of existing 
practice. One would have thought that to 
thrive, rather than merely survive, the 
journal needs to poach genuine ‘‘break- 


through’’ papers from the large general or 


specialist journals. 

An initial (and vital) step in the launch- 
ing of a new journal is the gathering of 
names for the editorial board. In part this is 
an exercise in window dressing — convinc- 
ing the potential subscriber that the journal 
has a standing by association with the 
renowned in his field. In common with 
most of the journals covered here, 
Membrane Biochemistry (MB) has 
assembled an impressive board of some 40 
scientists of widely scattered affiliations. 
An increasing number of biochemists and 
biophysicists regard themselves as mem- 
braneologists, so here we have a journal 
which should satisfy a reasonably homo- 
geneous group of readers. MB publishes 
straightforward research papers but there 
is no mention of dates of acceptance, so 
speed of publication cannot be gauged. 

This area of science is popular and there 
are plenty of papers to fill the pages of its 
journals. However MB will have fierce 
competition for subscribers, and, although 
well produced, it is not a cost-effective pro- 


| New Journals’ Issue 
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THE brief given to the authors in this 
issue was to limit themselves to 
comment on the journals sent fo them 
for review. Reviewers were asked to 
avoid detailed discussion of general 
questions of periodical publishing and 


pages, then, will be found description, 
comparison and criticism of some 120 
journals, but little consideration of the 
wider aspects of the primary literature. 

The criteria used to decide whether or 
not a given publication should be 
included in this issue were that: 

G) the first number appeared, or the 
journal was re-titled, between January 
1978 and May 1980 (a few exceptions 
have been made to this rule): 

GH it is published at least three times a 
year; 

(il) the main language used is English. 

Thus, broadly, periodicals of profes- 
sional interest to scientists were con- 
sidered for review, with the exception of 
abstracts’ journals. The cut-off date of 
May 1980 was chosen to allow enough 
issues Of a journal to have been published, 
So as to give reviewers a reasonable sample 
of material on which to base a judgement. 

To many (though probably not 
publishers, subscription agents and 
librarians), the number of new titles 
appearing over this period may come as 
asurprise, Yet many journals submitted 
for review are not covered here. Some 
of these are doubtless worthy publica- 
tions, and their omission implies no pre- 
judgement of their value. A further con- 
sequence of constraints on space in this 
issue is that the shortest possible (un- 
conventional) title abbreviations have 
been used in the reviews. 

Where possible, reviewers were asked 
to cover a number of broadly related 
journals, but in many instances this was 
impracticable. The preponderance of 
titles in the biological sciences reflects 
the bias of the material sent in for review 
and, presumably, a current trend in 
journal publishing. 

Publishers and journal sponsors were 
requested to submit four issues — the 
first, the most recent and two others — 
of each title for review (in some cases 
fewer were available}. Opinions ex- 
pressed in the reviews are not based ona 
full back-run of a journal, but on a 
sample, and apply to mid-1981 at the 
latest. The details of editors and fre- 
quency of publication, and the basic 
annual subscription prices appearing at 
the top of each article are given, where 
possible, for 1982. These details are | 
taken from information supplied by 
publishers or from back issues, and are 
not necessarily complete. Readers 
should check prices, in particular, with | 
the publisher concerned. 

An index to the journals reviewed | 
appears on p. 369, 





information systems. In the following | 
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position; in 1981 it looks as though the 
journal will publish only 20 papers at a cost 
of $70. 

Rather better value for money is the 
Journal of Receptor Research (JRR) from 
Marcel Dekker. Especially well put 
together (Dekker have shown that camera- 
ready publications need not be ugly) this 
journal publishes research papers and 
mini-reviews with a focus on laboratory 
and clinical research on _ biclogical 
receptors. However the same question 
must be asked of JRR as of IJBM and CB 
— is there really sufficient cohesion in the 
subject matter? Perhaps the late appear- 
ance of Vol.2, No.1 (1981) reflects this 
doubt. 

One can be more certain about the pro- 
spects of Calcified Tissue International 
(CTD, a journal which underwent 
metamorphosis in 1979 from Calcified 
Tissue Research. CTI reports research 
emphasizing the structure and function of 
bone and other mineralized systems in 
living organisms. It accepts original 
studies, rapid communications, comments 
and reviews; in addition, abstracts of 
papers presented at meetings — for 
example those of the American Society for 
Bone and Mineral Research -—— appear 
occasionally. 

The progenitor of CTI, started in 1967, 
was well established. This fresh form 1s 
excellently produced and covers a clearly 
delineated field — it should continue to do 
well. 

Finally, two journals dealing in their 
different ways with muscle. The brief of the 
Journal of Muscle Research and Cell 
Motility is all aspects of muscle, contractile 
mechanisms and cell motility. Long and 
short research papers, short reviews, 
conference reports and book reviews are 
published. This is an excellent journal with 
regard to the quality of the editorial board 
and contributors, and to the standard of 
production. It deserves to thrive. 

Muscle and Nerve (MN), covering 
research into neuromuscular disease, is 
medical in orientation and is supported by 
the Muscular Dystrophy Association. The 
only issue available to me contains an 
editorial, main articles, notes on new 
developments, abstracts of a meeting, 
letters to the editor, book reviews and a 
calendar of events. The diversity of the con- 
tents will provide interesting reading for 
subscribers and MN would appear to 
provide a useful ‘‘talking shop”’ for a well- 
defined group of research workers. 

In judging this array of new jcurnals, | 
feel rather like a nurse at a baby cinic who 
does not wish to assess the chances of sur- 
vival and development of the imfants in 
front of the parents. It has been a salutary 
experience in that I now have a healthier 
respect for the enterprise of the publishing 
industry, and a great deal of sympathy for 
the librarians who have to deal with the 
continual, confusing flux of journals. In 
addition, two points have become evident. 

First, the variation in format of these 


young journals is staggering. In part, the 
reasoning behind this diversity is perhaps 
(for example) that the glossies of [PC are 
intended more for the industrial 
laboratories and the modest camera-ready 
journals of Churchill Livingstone are 
designed for the academic research 
laboratories. However, I have to admit that 
I am inclined against camera-ready copy 
unless the authors can be disciplined and 
the photographic processes are carefully 


done as with the Journal of Receptor 


Research. Surely many other scientists will 
have the perhaps irrational feeling that a 
professional-looking journal is more likely 
to have contents worth consulting. 
Second, if all these journals survive, the 
corollary for me is that the system whereby 
one has a central library that takes all the 





relevant journals will break down. The 
central library will concentrate on the 
good, international, general journals in 
each subject, the departmental libraries 
and individuals taking the specialist 
journals and looking upon them as 
ephemeral literature. ‘= 


P.N. Campbell is Courtauld Professor of 
Biochemistry in the University of London, and 
Director of the Courtauld Institute of 
Biochemistry at the Middlesex Hospital Medical 
School, London. 


New Media for Separation Techniques 


Ivor Smith 





Journal of Liquid Chromatography. 
Fditor J. Cazes. 14/yr + supplements. 
(Dekker.) $236. Electrophoresis, Editor- 
in-chief B.J. Radola. 6/yr. (Verlag 
Chemie.) DM 176. Separation Science and 
Technology. Executive editor J.C. 
Giddings. 15/yr. (Dekker.) $379.50. 





THe first two of the three journals reviewed 


here, the Journal of Liquid Chromatog- 
graphy (JLC) and Electrophoresis, are 
extreme examples of current trends in 
science periodical publishing. 
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The scope of JLC is very broad, covering 
the whole field of separation science; one 
issue, for example, contains papers on 
topics as diverse as HPLC of petropor- 
phyrins, TLC of Cu/Hg chelates and the 
quantitative determination of aceno- 
coumarin in anticoagulated patients. 
Hence one would find, at most, one or two 
papers of interest in each issue. This may be 
partly compensated for by the single-topic 
issues such as those on TLC, and HPLC of 
aminoacids—peptides—proteins. | 

Conversely, Electrophoresis is a very 
‘tight’? journal. Although ostensibly 
devoted to a technique of wide application 
which uses many supporting media, in 
practice it restricts itself almost entirely to 
one- and two-dimensional gels using 
“classical”? acrylamide separations, IEF 
and isotachophoresis as applied to proteins 
and peptides. If this encompasses one’s 
interests then every page would be valuable 
and one would want to publish in it as well. 
| would think that the scope of this journal 


is likely to expand to include nucleic acid 
and nucleotide sequencing, as the tech- 
niques are frequently identical. 

It is difficult to see for what new 
audience JLC is intended, or what gap it is 
supposed to fill. This field is already well 
served by the Journal of Chromatography 
and all of the papers in JLC could have 
appeared there. The new outlet may speed 
up the publication of papers on the subject, 
however. In contrast Electrophoresis 
certainly appears to fill a need. Indeed, 
those not in the field might well encourage 
those who are to publish in it in order to 
remove the ever-increasing number of such 
highly specialized papers from the more 
general journals. Both journals are clearly 
poor value for money, as can be seen by the 
fact that in the whole of London University 
only one college takes Electrophoresis and 
no one takes JLC. 

The other title covered here, Separation 
Science and Technology (SST), is a con- 
tinuation of an established journal, 
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Separation Science. Like its predecessor, 
SST adopts a highly mathematical, 
physico-chemical approach to the 
engineering and technological aspects of 
large-scale separation. The change of title 
allowed a broadening of approach whilst 
retaining the original editorial intention. 
Both London colleges known for their 
interest in the industrial aspects of separa- 
tion take it; they should continue to find it 
useful. z 





Ivor Smith is at the Courtauld Institute of 
Biochemistry, Middlesex Hospital Medical 
School, London. 


Meteorites 


A Chemical -~ Petrologic Synthesis 
ROBERT T. DODD 


This book summarises our present understanding of 
meteorites, with particular emphasis on their chemistry and 
petrology. Much of it is devoted to the chondrites, with 
separate chapters describing the three major classes of 
chondrites, and these are followed by chapters on 
differentiated meteorites, which stress genetic links among 
such meteorites. £35.00 net 


The Mathematical Papers 
of Isaac Newton 


Volume VIII 1697 -1722 
Edited by D. T. WHITESIDE 


This 700 page volume completes Dr Whiteside’s monumental 
work of editing, translating and annotating all the known 
papers of isaac Newton. It presents the existing record of 
investigations pursued by Newton during the last quarter 
century of his life, and covers solutions to challenge problems, 
revisions of earlier researches and general retrospection, and 
Newton's varied efforts to substantiate his claims to calculus 
priority. £65.00 net 


The Ammonites 


Their Life and their World 


ULRICH LEHMANN 
Translated by JANINE LETTAU 


Professor Lehmann recreates the lifestyle of these beautiful 
but long extinct life forms. Using present-day examples such 
as squids, cuttlefish, octopods and the nautilus he 
demonstrates typical problems associated with the 
cephalopod body plan: jet propulsion, chambering of the shell, 
feeding etc. £9.95 net 


Primordial Germ Cells in 
the Invertebrates 


P. D. NIEUWKOOP and L. A. SUTASURYA 


The authors deal with the origin and development of the 
primordial germ celis during sexual reproduction in the 
primitive invertebrates and during embryonic development in 
the more highly evolved groups. This treatment is aimed at 
research workers in developmental biology. £30.00 net 
Developmental and Cell Biology 10 


Nerve and Muscle 


R. D. KEYNES and D. J. AIDLEY 


This textbook account of the basic mechanisms underlying 
conduction of nervous impulses, junctional transmission, anc 
muscular contraction will be useful to undergraduates 
studying cell biology or physiology at first and second year 
level. £15.00 net 


Cambridge Texts in the Physiological Sciences 2 


Further details of the above books are available from Robin Rees at the address below 


CAMBRIDGE UNIVERSITY PRES 


The Edinburgh Building, Shaftesbury Road, Cambridge CB2 2RU,Engiangd M 








The Growth Requir ements of 
Vertebrate Cells in Vitro 

Edited by CHARITY WAYMOUTH, RICHARD G. HAN 
and PAUL J. CHAPPLE 


This collection of papers deals with the metabolism and 
nutrition of human and other mammalian cells as studied in 
cultures outside the organism and away from the compiex 
interactions that occur in the body. Crossing traditional 
disciplinary boundaries, it brings together work by experts 
from many different fields. £35.00 net 





Development in the 


Nervous System 
Edited by D. R. GARROD and J. D. FELDMAN 


The fifth symposium of the British Society for Developmental 
Biology held at the University of Southampton in September 
1980 provides a broad perspective of studies in the 
development of the nervous system that will interest 
developmental biologists, cell biologists and 

neurologists. £40.00 net 


British Society for Developmental Biology Symposium 5 


Biology of Behaviour 


Mechanisms, Functions and Applications 
DONALD M. BROOM 


An introduction to studies of the behaviour of a wide variety of 
animals including man, farm animals and pest species. The 
approach is ethological, but there is extensive reference to 
physiology, brain mechanisms; and relevant psychological 
research, and recent ideas from sociobiology, motivation and 
learning studies are emphasised. Hard covers £20.00 net 
Paperback £7.95 net 


The Behavioral and Brain 
Sciences 


An international Journal of Current Research and 
Theory with Open Peer Commentary 


Edited by STEVAN HARNAD 
P.O, Box 777, Princeton, NJ 08540, USA 


Designed to contribute to the stimulation and unification of 
research in the behavioural and brain sciences, BBS provides 
in print the exciting give and take of an international, 
interdisciplinary seminar. Articles in any area of psychology, 
neuroscience, behavioral biology and cognitive science 
appear simultaneously with commentary from a number of 
research in the behavioral and brain sciences, BES provides 
disciplines, along with a response from the author, Continuing 
commentary is carried over to subsequent issues. 


Volume 4: March, June, September and December 1981 
£48.00 for institutions £24.00 for individuals 
ISSN 0140-525X 


Further details and sample copies of The Behavioral and 
Brain Sciences are available from Journais Publicity at the 
address below. 
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in the Life Sciences 





Journal of 
Biochemical and 
Biophysical Methods 


The Journal of Biochemical and Bio- 
physical Methods offers researchers a 
unique opportunity to keep abreast of 
the development of methods used to 
solve biological problems. 


1982 ~ Vols. 7-9 3 volumes in 12 issues) 
Price: US $242.50/ Dfl. 606.00 
including postage. 

ISSN 0165-022 


Journal of 
Immunological 
Methods 


A growing journal which has become 
the established medium for papers as 

well as review articles on all aspects of 
methodology. 


1982 — Vols. 40-47 (8 vols. in 24 issues) 
Subscription price: US $356.00/ 

Dfl 890.00 including postage. 

ISSN 0022-1759 


Journal of 
Neuroscience 
Methods 


The Journal of Neuroscience Methods 
publishes research papers and critical 
reviews dealing with new methods used 
to investigate the organization and fine 
structure, biochemistry, histology and 
cytochemistry, physiology, biophysics 
and pharmacology of receptors, 


neurones, synapses and glial cells in the 
nervous system of man, vertebrates and 
invertebrates. 


1982 — Vols. 5-6 (2 vols. in & issues) 
Subscription price: US $160.00 / 
Dfl 400.00 including postage. 


ISSN 0165-0270 
Journal of 
Pharmacological 
Methods 


An international journal concerned with 
the methods of investigation in pharma- 
cology and toxicology. 


This journal publishes original scientific 
papers arising from the development of 
new and/or existing methods of inves- 
tigation used in pharmacology and 
toxicology, and which seem likely to 
make a significant contribution to the 
literature on methodoloay in these 
sciences. 


1982 ~ Vols 7 & & (2 volumes in 8 issues) 
Subscription price: US $160.00. 

Airmail postage and handling U.S.A. 
US $14.00. Airmail postage and hand- 
ling outside the U.S.A.: Europe and 
Canada US $28.00. Rest of the World 
US $34.00. Surface postage and hand- 
ling US S12.00. 


Journal of 
Virological 
Methods 


The Journal of Virological methods 
publishes original papers and invited 


reviews covering techniques on all 
aspects of virology. 


1982 — Vol. 2 (Í vol in 6 issues) 
Subscription price: US $72.00, 
D#1180.00. 

ISSN 0166-0934. 


Techniques in the Life 
Sciences 


This is a serial publication providing a 
novel information service to research 
workers, This service enables scientists 
to appreciate the advantages and dis- 
advantages of unfamiliar experimental 
techniques. 


Comprehensive and Integrated 
Coverage of Major Techniques 


Techniques in the Life Sciences will 
provide comprehensive coverage of 
techniques used in each of the major 
disciplines in the Life Sciences for 
example, Biochemistry, Physiology, Cell 
Biology, Immunology, Environmental 
Sciences. A section. comprised of a 
number of individual volumes, will be 
devoted to each of these disciplines. 
The series so far has concentrated on 
the fields of Biochemistry and Physiology 
and these sections are further divided 
into volumes which cover a particular 
subject area e.g. carbohydrate meta- 
bolism. 


Further information on Techniques in 
the Life Sciences is available from the 
publisher, 


ELSEVIER BIOMEDICAL 


For son information and/or free sample copy please write tot 


JOURNAL INFORMATION CENTER 
Elsevier North Holland Inc. 
52 Vanderbilt Ave.. New York. NY 10017 


Please send your orders to the Amsterdam address 
The Dutch quilder price is definitive, USS prices are subject to exchange rate fluctuations. 


Circle No.54 on Reader Enquiry Card. 


the U.S.A. and Canada in all other countries: 


The Netherlands 
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PO. Box 211. Amsterdam, 1000 AE. 
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A complete list of books published to date, containing details of both hardback and paperback editions i 


VOLUME 9 
Dynamic Experiments in the 
Electron Microscope 


by E. P Butler and K. F. Hale 


1981 xvi + 460 pages 
US § 95.00 / Dfl. 195.00 
ISBN 0-444-80285-1 Hb 
US $45.00 / Dfl. 92.00 
ISBN 0-444-80286-X Pb 


VOLUME 8 

1980 xvi + 302 pages 

US $73.25 / Dfl 150.00 

ISBN 0-444-80166-9 Hb 
Replica, Shadowing and 
Freeze-Etching Techniques 


by J.H. MARTIN WILLISON and 
A.J. ROWE 


1980 xvi + 302 pages 
US $27.25 / Dfl. 56.00 
ISBN 0-444-80165-0 Pb 


VOLUME 7 

1978 xvi + 306 pages 

US S 65.75 / Dfl. 135.00 

ISBN 0-7204-0665-X Hb 

Image Analysis, Enhancement 
and Interpretation 


by D. L. MISELL 


1978 xvi + 306 pages 
US $29.00 / Dfl 65.00 
ISBN 0-7204-0666-8 Pb 


VOLUME 6 

1977 Ist repr. 1980 xxiv + 234 pages 
US $85.00 / Dfl. 174.00 

ISBN 0-7204-0636-6 Hb 

Part 1 

Autoradiography and 
Immunocytochemistry 


by M.A. WILLIAMS 


1977 Ist repr. 1980 xviii + 218 pages 
US $31.75 / Dfl. 65.00 
ISBN 0-7204-0637-4 Pb 


Part 2 


Quantitative Methods in Biology 





by M.A. WILLIAMS 


1977 Ist repr. 1980 xviii + 234 pages 
US $33.75 / Dfl 69.00 
ISBN 0- 7204- 0638-2 Pb 


VOLUME 5 


1977 xxii + 548 pages 
US $95.50 / Dfl 196.00 
ISBN 0-7204-0605-6 Hb 


Part 1 

Staining Methods for Sectioned 
Material 

by P R. LEWIS and D.P KNIGHT 


1977 2nd repr. 1980 xvi + 312 pages 
US $2725 / Dfl 56.00 
ISBN 0-7204-0606-4 Pb 


Part 2 


X-Ray Microanalysis in the 
Electron Microscope 


by JOHN A. CHANDLER 


1977 Ist repr. 1977 iv + 230 pages 
US $2150 / DJI. 44.00 
ISBN 0-7204-0607-2 Pb 


VOLUME 4 


1975 xiv + 130 pages 17 illustrations 
US $35.00 / Dfl. 72.00 

ISBN 0-7204-4259-1 Hb 

Design of the Electron 
Microscope Laboratory 


by RONALD H. ALDERSON 


1975 xii + 130 pages 
US $12.75 / Dfl 26.00 
ISBN 0-7204-4260.5 Pb 


VOLUME 3 


1974 Ist repr. 1980 xvi + 353 pages 
9S illustrations 

US $72.75 ; Dfl 149.00 

ISBN 0-7204-4256-7 Hb 


Part 1 


Fixation, Dehydration and 
Embedding of Biological 


Specimens 


PRACTICALMETHODS _ 
IN ELECTRON MICROSCO! 


edited by AUDREY M. GLAUERT 








by AUDREY M. GLAUERT 

1975 3rd repr. 1980 x + 208 pages 
US $20.50 / Dfl. 42.00 

ISBN 0-7204-4257.5 Pb 

Part 2 

Ultramicrotomy 

by NORMA REID 


1975 Sth repr. 1980 141 pages 
US $14.25 / Dfl 29.00 
ISBN 0-7204-4258.3 Pb 


VOLUME 2 


1974 xiu +345 pages 156 illustrations 
US $72.75 / DIL 149.00 

ISBN 0-7204-4254-0 Hb 

Principles and Practice of 
Electron Microscope 
Operation 


by ALAN W. AGAR, RONALD H. 
ALDERSON and DAWN CHESCOE 


1974 4th repr. 1980 xiv + 345 pages 
US $29.25 / Dfl 60.00 
ISBN 0-7204-4255-9 Pb 


VOLUME 1 


1972 Ist repr. 1974 vii +444 pages 
308 illustrations 

US $80.50 / DIL 165.00 

ISBN 0-7204-42516 Hb 


Part I 

Specimen Preparation in 
Materials Science 

by PJ. GOODHEW 


1973 Ist repr. 1974 ii + 180 pages 
US $18.00 / Df. 37.00 
ISBN 0-7204-4252.4 Ph 


Part 2 


Electron Diffraction and 
Optical Diffraction Techniques 
by B. E. P. BEESTON. ROBERT W. 
HORNE and ROY MARKHAM 


1973 Ist repr. 1974 iv + 260 pages 
US $25.25 / Dfl 52.00 
ISBN 0- 7204 4253-2 Pb 
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Volume 9 and a New Revised Edition in the well established series: 


LABORATORY TECHNIQUES 





IN BIOCHEMISTRY AND 
MOLECULAR BIOLOGY 





edited by T.S. Work and R.H. Burdon (formerly edited by T.S. Work and E. Work) 





Volume 9 
by G. Allen 


Sequencing of 
Proteins and Peptides 


1981 xiv + 322 pages 

US $29.75/Dfl. 61.00 (paperback) 
ISBN 0-444-80254-1 

US $79.50/Dfl. 163.00 (hardback) 


The purpose of this monograph is to 
provide in one volume detailed descriptions 
of the techniques used in the determination 
| of amino acid sequences of proteins by 
manual methods, together with a discussion 
of the theoretical background. 
Major advances in the field have necessitated 
| a high degree of selectivity, but references 
are given to alternative methods which may 
occasionally prove useful. 
This book is a worthy contribution to an 
excellent series, and for scientists working in 
this area it will be an invaluable aid 


| Volume 1, Part Ill 

| 2nd Revised Edition 
Immunochemical Techniques 
for the Identification and 

| Estimation of Macromolecules 


(edited by T.S. Work and E. Work) 
by J. Clausen 

1981 xiv + 370 pages 

US $29.75/Df 61.00 (paperback) 

ISBN 0-444-80244-4 

US $83.00/D#. 170.00 (hardback) 

ISBN 0-444-80245-2 


Reviews of previous edition 


“This is a splendid little book... It is rational 
and lucid and attractively laid out.” 
Chemistry and Industry 


| The rapid expansion in the field of immuno- 
| chemistry has necessitated the publication 


of a fully revised 2nd edition of the present 
manual. The aim of this book is to present 
practical advice on application of the rapidly 
expanding mass of data on immuno- 
chemistry, and more specifically to examine 
the possibilities of employing immunological 
microtechniques in histological biochemical 
analyses. 

Several chapters i.e. those dealing with 
lectins, HLA-antigens and with the 
application of crossed immunoelectro- 
phoresis for characterization of membrane 
proteins, have been extensively revised and 
extended. Furthermore, new chapters 
dealing with the complement system, 
enzyme irmmuno-assay systems, immuno- 
fluorescence methods and immuno- 
adsorbent techniques have been added and 
the recent developments in the 
methodology already presented in the first 
edition have been included. 

This fully revised edition will prove 
invaluable as a practical aid to biochemists 
using the techniques of immunochemistry in 
their research. 


Other Volumes in the series 


Volume 8 
byR.L.P. ADAMS 


Cell Culture for Biochemists 


Volume 7 

Part | 

Preparation and Characterisation of 
Mammalian Plasma Membranes 

by W.H. EVANS 

Part I 

An Introduction to Affinity 
Chromatography 

by C.R. LOWE 


Volume 6 
Part | 


Density Gradient Centrifugation 
by R. HINTON and M. DOBROTA 


Part Il 

An Introduction to Radioimmuno- 
assay and Related Techniques 

by T. CHARD 


Volume 5 

Part | 

Techniques of Sample Preparation for 
Liquid Scintillation Counting. 

by B.W. FOX 

Part Il 

Isoelectric Focusing. 

by P.G. RIGHETTI and J.W. DRYSDALE 


Volume 4 

Part I 

Chemical Modification of Proteins 
Selected methods and analytical procedures 
by A.N. GLAZER, R.d. DELANGE and 
D.S. SIGMAN 

Part Il 

Separation Methods for Nucleic 
Acids and Oligonucleotides. 

by H. GOULD and H.R. MATTHEWS 


Volume 3 

Part | 

Determination of Sequences in RNA 
by G.G. BROWNLEE 

Part I 

Techniques of Lipidology 

byM. KATES 


Volume 2 

Part | 

Automated Enzyme Assays 
by D.B. ROODYN 

Part Il 

Cellulosic lon Exchangers 
by E.A. PETERSON 


Volume | 

Part | 

Electrophoresis of Proteins in 
Polyacrylamide and Starch Gels 
Part Il 

Gel Filtration Chromatography 


isecond Revised Edition} 
by L. FISHER 
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Fertile Fields 
R.J. Aitken 


Gamete Research, Editor R.B.L. Gwatkin. 
8/yr in 2 vols. (Alan R. Liss.) $120 US, 
$142 Europe. Archives of Andrology. 
Editor-in-chief E.S.E. Hafez. 8/yr in 2 
vols. (Elsevier/North-Holland Bio- 
medical.) $208. Reproduccion, Editor-in- 
chief J. Cortés-Prieto. 4/yr. (MTP Press, 
Lancaster, UK.) £20 (personal); £35 
(institutional). 


Gamete Research (GR) was conceived with 
the aim of creating a channel of com- 
munication between scientists working in 
the general areas of gamete biology, 
fertilization and embryonic development in 
different phyla, even different kingdoms. 
Thus the papers cover such topics as sperm 
ultrastructure, sperm motility, oocyte 
maturation, fertilization and cleavage in a 
diverse range of species including ferns, 
crustaceans, echinoderms, amphibians 


and mammals, including man. Book 
reviews and useful review articles also 
appear, and the journal maintains a good 
standard of production. 





For reproductive biologists working 
exclusively with mammals this newcomer is 
particularly welcome, since conventional 
outlets for their speciality such as the 
Journal of Reproduction and Fertility and 
Biology of Reproduction do not encourage 
the comparative approach and so rarely 
publish articles on non-mammalian 
species. The high quality of research 
appearing in GR has been particularly 
evident of late, perhaps indicating a 
progressive increase in the popularity of the 
journal. It can certainly be recommended. 

Also reflecting the growth of distinct 
subdisciplines in reproductive biology is 
the appearance of Archives of Andrology 
(AA), a clinically directed journal 
specializing in male reproductive 
physiology. The journal publishes a 
balanced mixture of scientific papers 
dealing with anatomical, physiological and 
biochemical aspects of male reproduction 
in animal models, and very clinically 
orientated articles reporting on such topics 
as sexually transmissible diseases and the 
characterization, diagnosis and treatment 
of male infertility. In addition to research 
papers and short communications, AA 
publishes review articles which | found to 
be one of the strongest aspects of the 
journal. In contrast, the research papers 
„are of variable quality and in this respect 
the journal does not score as highly as its 
main competitor, the I/nternational 
Journal of Andrology. 

AA is professionally put together, and 


any clinically orientated department 
wishing to cover this rapidly developing 
field should certainly take it. However, 
those predominantly interested in the 
scientific aspects of male reproductive 
physiology might be better served by the 
competition. 

Yet another journal of reproduction to 
appear recently, or rather re-emerge under 
a new imprint, is Reproduccion, the 
official organ of the International 
Federation of Fertility Societies and the 
International Academy of Reproductive 
Medicine. The journal is aimed at a broad 
spectrum of readers covering a wide range 
of clinical topics (andrology, gynaecology, 
sociology) as well as the science of 
reproduction in animal models, including 
sub-mammalian species. As an illustration 
of the variety of interests covered, a recent 
issue contained papers on oogenesis in 
Bufo arenarum, human uterine con- 
tractility in the puerperium and endo- 
metrial bacterial flora following the 
insertion of an IUD. 

The geographical bias of Reproduccion 





is reflected in the fact that about 50 per cent 
of the articles are written in Spanish or 
Portuguese (with English summaries) while 
the remainder are in English. Its real 
purpose, then, is to act as an important 
outlet for scientists working in the 
reproductive sciences in Spain, Cuba, 
Mexico and other Latin American 
countries, and it is in such locations that the 
primary market for the journal must lie. 
Reproduccion contains some quality 
science and, for the sake of those not 
conversant with Spanish and Portuguese, 
is covered by all of the major indexing and 
abstracting journa:s. 


R.J. Aitken is at the MRC Unit of Reproductive 
Biology, Edinburgh. 


Developments in Physiology. . . 


David Yudilevich 


Journal of Developmental Physiology. 
Editor C.T. Jones. 6/yr. (Blackwell 
Scientific.) £50 UK, $138 US, £60 
elsewhere. Placenta. Editors H. Fox and 
W. Page Faulk. 4/yr. (W.B. Saunders.) 
£32.50. American Journal of Physiology: 
Endocrinology and Metabolism. Editor E. 
Knobil. 12/yr in 2 vols. (American Physio- 
logical Society.) $55 US, $70 elsewhere. 
American Journal of Physiology: Gastro- 
intestinal and Liver Physiology. Editor L.R. 
Johnson. 12/yr in 2 vols. (American Physio- 
logical Society.) $50 US, $65 elsewhere. 


Ir ıs almost a truism to remark that a 
certain area of science is expanding. Yet, of 
course, the statement applies to many 
aspects of physiology and here, in the 
Journal of Developmental Physiology 
(JDP) and Placenta, are two new journals 
making manifest such growth in the study 
of fetal development. 

Publication of research in this field was 
previously scattered through a large 
number of unrelated journals, particularly 
in the fields of obstetrics and paediatrics. 
The intention of drawing together this 
material in Placenta and JDP (which 
overlap to a certain extent), with the 
additional hope of stimulating research in 
these fields, seems to be justified. 

In the opening editorial of Placenta, the 
new journal is put in context: ‘‘the 
fecundity of medical and scientific journals 
is quite alarming . . . the lack of a forum 
for placental studies is glaringly 
apparent’’. However, although the editors 
express a wish to publish material from 


“workers in an unusually wide field of 
interest and disciplines’’, to date this aim 
has not been fully achieved since a large 
number of the papers are morphological 
studies of a clinical nature. The quality of 
production of the journal is excellent; the 
papers are well laic out and many containa 
generous numbe~ of beautiful micro- 
graphs. The same quality has been 
extended to the hardback supplements 
(two so far) whick are the proceedings of 
conferences. 

Disappointingly, the quality of some of 
the papers in Placenta is below average; a 
few are so short a to resemble expanded 
abstracts padded out with a few large 
figures and there is sometimes an 
unnecessary subdrvision of material into 
several papers. Other editorial weaknesses 
are apparent; for example, some papers 
lack a summary and manuscripts ‘‘in 
preparation” are included in the reference 
list, a bad practicein my view. 

The Guardian Q2 January 1980) in a 
prominent article emphasized that the 
human placenta is ‘‘one of the most 
promising experimental animals of the 
future’’. A view from a different 
perspective was given by R.D.H. Boydina 
review in Placenta on the topic of transport 
of substances across the placenta: *'there 
must be few fields cf classical physiology as 
poorly understood as this one’’. Thus the 
problems of invest gating processes in the 
placenta are great, Dut so is the potential. | 
hope that Placenta will stimulate sound 
scientific research in the entire field. 

JDP aims to publish ‘‘original research 
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on any aspect of the scientific study of the 
pregnancy, the fetus and the neonate of 
man or of experimental animals ...’’. 
Full-length papers, short communications 
and invited reviews are acceptec. In the 
inaugural issue the editors mention that 
‘progress in animal development has not 
yet received the attention giver to cell 
physiology or molecular biology?’ and they 
encourage a modern approach to this 
‘previously largely descriptive discipline”? 
It is encouraging to see that methods 
described in the papers they have published 
up to now generally satisfy this criterion. 
Editorial policies are strict and, 
interestingly, at the end of the first year of 
publication the panel of reviewers was 





actually named, and the number of papers 
received (76) and the proportion accepted 
for publication (46 per cent) was given. The 
journal, which is also well procuced, is 
behind schedule (the issues of December 
1980 and February 1981 were sent together 
in July). If the reason for this delay is the 
lack of suitable manuscripts, one would 
like to encourage scientists in the field to 
patronize JDP in view of its high standard 
so far. 

The other two journals covered here, 
Endocrinology and Metabolism (EM) and 
Gastrointestinal and Liver Pkysiology 
(GLP) are not really new but are the result 
of a further reorganization of the old and 
venerable American Journal of 
Physiology. In 1977 the first subdivision of 
the journal was launched in five sections, 
one of which — Endocrinology, 
Metabolism and Gastrointestinal 
Physiology — contained both of these 
topics. 

After this further fission, the editor of 
GLP was able to declare that this is ‘*the 
appearance of the only journal devoted 
exclusively” to these topics. The editorial 
board was strengthened by the addition of 
several well-known Europeans, and GLP 
shows every sign of being successful. The 
rejuvenation stimulated by the subdivision 
is also shown in the promise made by EM 
that replies to submitted manuscripts will 
be made within five weeks and papers will 
be published with delays of not more than 
five months. Certainly, it is apparent that 
both of these journals have maintained the 
high standards of the parent publication. 

There are advantages to this process of 
subdivision as long as the sections continue 
to be produced in a single monthly issue. 
This will ensure the integrity of paysiology 
as a basic discipline and counterbalance the 
all-tco-common tendency towards ov er- 
specialization. 


maipapan panapana aome aiidis aannaaien Se aes we MLN 


David Yudilevich is Professor and Fead of the 
Department of Physiology at Queer Elizabeth 
College, University of London. 
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. and in Psychology . 


Albert Yonas 


Pisa aap piped nnaaaasiraiaemnaneneerern inn Rien mettre: mee Hitt be tRhy PRA AAR AR Laren aa aama a RARER 


Journal of Applied Developmental 
Psychology. Editor i. Sigel. 3/yr. (Ablex, 
Norwood, New Jersey.) $20 (personal); $49 
(institutional). Infant Behavior & Develop- 
ment. Editor L.P. Lipsitt. 4/yr. (Ablex, 
Norwood, New Jersey.) $22.50 (personal); 
$59 (institutional). Jnternational Journal of 
Behavioral Development. Editor F.J. 
Mönks. 4/yr. (North-Holland.) Dfl.155, $62 
(personal); Df].180, $72 (institutional). 
THE volume of research in developmental 
psychology has expanded enormously in 
the past 15 years. Although it is unlikely 
that the field as a whole will sustain this 
growth, one part of it that will probably 
continue to do so is the application of 
behavioural science research to social 
problem-solving. One expression of that 
expansion is the appearance of the Journal 
of Applied Developmental Psychology 
(JADP). 

The journal’s stated goal is to encourage 
‘‘the synergistic relationship between 
applied and basic research’’; however, the 
creation of this new journal actually may 
have the opposite effect. It seems 
something of a paradox to expect a journal 
specializing in applied work to help bridge 
the gap between applied and basic 
research. Nevertheless, the journal does 
provide a home for intervention studies 
that might not be published elsewhere. 

Although JADP accepts reports that 
define social policy issues, the number of 
this type of paper found in the first volume 
was negligible. The papers that were 
published in the first year were quite similar 
in topic to those found in the traditional 
child developmental journals, such as 
Child Development, the Journal of 
Experimental Child Psychology and 
Developmental Psychology, and their 
quality was uneven. Although the sub- 
scription rate is reasonable, it appears 
unlikely that JADP will become a primary 
source of information for either re- 
searchers or practitioners in this field. 

One can be more sanguine about the 
prospects of the other Ablex journal 


Infant 
Behavior 














Development 


reviewed here, Infant Behavior & 
Development (BD). Infancy has always 
been central to both nativist and empiricist 
accounts of mental development, but until 
the last decade such theories were, for the 
most part, unconstrained by reliable and 
detailed data on the behaviour of actual 
human infants. This situation is rapidly 
changing; the past ten years have seen an 


explosion in the number of psychological 
studies of human infants. 

IBD is the only English-language journal 
devoted exclusively to infancy, and it 
clearly fills a need. A growing lag in 
publication time of accepted manuscripts 
(in spite of the journal’s 70 per cent 
rejection rate) necessitated additional 
pages in the last issue of Vol. 3. 

The articles that have been published are 
generally of high quality. The editors insist 
that data reported should be replicable and 
that findings should have some theoretical 
implications. Although research on non- 
human infants is accepted, authors of such 
articles have apparently found other 
journals better suited to their needs. 
Theoretical and review articles are also 
accepted, and book reviews by the editor 
appear in each issue. IBD is not expensive 
and should attract an increasing number of 
subscribers; individuals will find it 
particularly good value. 

Notably more expensive than the other 
two journals covered here (but better 
produced) is the International Journal of 
Behavioral Development (AJBD), the 
official journal of the International Society 
for the Study of Behavioral Development. 
In further contrast, the journal has a 
broader geographical appeal than either 
JADP or IBD which are both largely 
intended for North American authors and 
subscribers. 

While the contents of the first four 
volumes of IJBD represent a wide 
spectrum of countries, only papers written 
in ‘‘timpeccable’’ English are considered 
for publication. Although the journal 
primarily contains reports of original 
research across the life span, it also accepts 
comparative studies of development, as 
well as literature and book reviews. The 
journal has attracted many high quality 
papers, but the methodological rigour of 
the studies is variable (perhaps reflecting 
the journal’s international character), and 
the editors have allowed a fair latitude in 
theoretical speculation. 

While the journal does not focus on any 
single new sub-discipline or cross- 
discipline, it does serve to encourage 
international communication. There are 
surprisingly few studies of development 
from a comparative or cross-cultural 
perspective to be found in the journal; 
rather, the content reflects the same 
concern with cognitive development that is 
presently found in established develop- 
mental psychology journals. Given such 
competition, it is at present unclear 
whether IJBD will attract sufficient high- 
quality research to become a standard 
resource for developmental psychologists. 





Albert Yonas is a Professor of Child Psychology 
in the Institute of Child Development, 
University of Minnesota. 
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... and in Neuroscience 


R. Victoria Stirling 
Developmental Neuroscience, Editors-in- 
chief A. Vernadakis and E. Giacobini. 
6/yr. (Karger, Basel.) Swkr.130.20, DM 
162.40, $74.20 (personal); SwFr.186, DM 
232, $106 (institutional), 


IN THE absence of any editorial statement 
in the issues available to me, the objectives 
of Developmental Neuroscience (DN), a 
new general journal of developmental 
neurobiology, must be judged from its 
contents. Unfortunately, it is not clear 
from a survey of the papers in Vol. 3 (1980) 
what is the direction or editorial policy of 
this newcomer. 

Most papers are well-written and 
coherent, many of them confirming earlier 
work rather than breaking new ground. 
Only three are concerned with my own 
research interest, the development of 
patterned neuronal connections; most of 
the rest are biochemical in nature, dis- 
cussing the regulation of brain function 
and metabolism by hormones, under- 
nutrition and ageing. At the other extreme 
are a few purely morphological papers, 
describing maturation of synaptic endings 
in the vestibular nucleus of the chicken and 
the use of immunofluorescent methods in 
the study of neurofilaments in early 
development. 


Trait Psychology Fights Back 


Chris Brand 
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Personality and Individual Differences. 
Editor-in-chief H.J. Eysenck. 4/yr. 
(Pergamon.) $65. 
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With the break-up of the British Journal 
of Social and Clinical Psychology into its 
named components, Hans Eysenck has 
filled the gap that resulted for differential 
psychology in general and for the London 
School in particular. So far, after some six 
high-quality issues of scholarly, empirical 
reports in Personality and Individual 
Differences (PID), the evidence is that, 
despite a decade of environmentalism and 
situationism in psychology, trait 
approaches to human differences are still 
alive and kicking. 





Undoubtedly the outstanding report to 
have been carried is that of D.E. and A.E. 
Hendrickson, ‘The Biological Basis of 
Individual Differences in Intelligence’’: 
but this is complemented by other physio- 
logical enquiries — particularly concerning 
Eysenck’s third dimension of personality, 





ie 








The papers are almost all 10 pages long 
(including the well-reproduced illus- 
trations), doubtless the result of a $105 
excess page charge. Exceptions appear to 
be made, however; a very full description 
of the structure of thyroxine-induced infra- 
pyramidal mossy fibres in rat is 18 pages 


long, with an abstract of 24 lines (the 
stipulated length is 10 lines}, perhaps 
because both authors are on the editorial 
board! Speed of publication appears to be 
much the same as other journals in this 
area, bul no dates of acceptance appear with 
the papers. 
While the birth of specialized journals is 
justified by the recent mushrooming of 
developmental neurobiological research, 
there does seem to be an urgent need for yet 
another general journal. The combination 
of the last three parts of Vol. 3 in one issue 
may indicate that DN has not yet found its 
niche, | 


panat 





R. Victoria Stirling is at the National Institute 
for Medical Research, Mill Hill, London. 


psychoticism, and related traits of 
impulsiveness and sensation-seeking. 
Naturally, many of the papers are 
addressed to whether or not Eysenck has 
got matters right: but, across large areas of 
differential psychology, this is by now a 
helpful catch-all question that researchers 
can reasonably be expected to consider; 
and contributors to PID are evidently not 
required to agree about the answer. Above 
all, there is a healthy proportion of dis- 
tinguished contributors; and the journal is 
catholic in the psychometric measures 


reported, in the subjects studied and in the | 


countries from which the reports originate. 


In general, the sound empiricism of the | 


journal allows one to tolerate some 
peculiar “findings” 


really be lower than Warsaw’s? — that 


have perhaps slipped through the refer- | 
ecing net in these early days. And the harm- | 


less indulgence of the book reviews, in 
which an imperious view of the world as 
seen from Denmark Hillis offered as enter- 
tainment to some readers and as a caution 
to others. 


Chris Brand is a Lecturer in the Department of 
Psychology at the University of Edinburgh. 
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Innovations in the Neurosciences 


Oliver Braddick 

Trends in NeuroSciences. Staff editor D. 
Bousfield. 12/yr. {Elsevier/ North-Holland 
Biomedical.) £20 UK, $45 US (personal). 
The Behavioral and Brain Sciences. Editor 
S. Harnad. 4/yr. (Cambridge University 
Press.) 1981: £24 UK, $44.50 US (per- 
sonal); £48 UK, $89 US (institutional). 
Behavioural Brain Research. Editor-in- 
chief 1.S. Russell. 12/yrin3 vols. (Elsevier / 
North- Holland Biomedical.) Dfl. 606. 





THESE three new journals explicitly place 
themselves in the field of neuroscience as a 
whole, cutting across the boundaries of 
traditional disciplines. Two of them are 
also untraditional in that they depart from 
the standard form of the research journal. 

The general form of Trends ir Neuro- 
Sciences (TINS) can most easily be 
described as Nature, restricted to neuro- 
science, minus most of the classified 
advertisements and all of the original 
research papers and letters. In its first two 
years its editors have apparently tried 
various organizations of its contents, 
sometimes under slightly whimsical 
headings such as “‘Nervous Connections” 
and ‘*Neuroviews’’, but its purpose and 
style have been evident throughout, It has 
consistently carried news, meeting reports 
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and book reviews, but its major part each 
month contains clear and authoritative 
short reviews of current research, written 
by the active scientists concerned, at a level 
and depth which can be read with pleasure 
and education by scientists in other areas of 
neuroscience (and outside it). The main 
emphasis has been on functional neuro- 
physiology, neuroanatomy and neuro- 
chemistry. There has been a deliberate 


policy to make clinical connections with 
neurology and psychiatry, and the journal 
can be recommended to clinicians who 
want to keep in contact with relevant 





advances in the basic sciences. So far, 
behavioural contributions to neuroscience 
seem to be rather under-represented. 

Many scientists will feel that their sub- 
scription allowance is better spent on a year 
of TINS than on an archival research 
journal of which they skim maybe 25 per 
cent in a conscientious month. The idea is 
clearly one whose time has come; we have 
Trends in Pharmacological Sciences and 
Trends in Biochemical Sciences, also from 
Elsevier. If it spreads (Trends in Earth 
Sciences? Trends in Physical Biology?) it 
may even represent a fragmenting threat to 
the general scientific news and research 
journals such as Nature and Science. 

The Behavioral and Brain Sciences 
(BBS) makes a quite different departure 
from the standard journal form, which it 
calls “Open Peer Commentary”’. Each 
paper, following an ordinary refereeing 
process, is sent out to a large number of 
potential commentators, of whom 
typically about 30 return commentaries of 
up to 1,000 words. The original author then 
produces a response to the commentaries, 
and the whole ‘‘treatment’’ — ‘“‘target 
article’’, commentaries and response — 1s 
printed in the journal. There is also an 
opportunity for ‘‘continuing 
commentary’ in the subsequent issues, but 
(perhaps mercifully) this seems to have 
been rather little used. Although the 
process sounds cumbersome it appears to 
run smoothly and has often produced 
important articles and, of course, fas- 
cinating interchanges. The experience 1s 
like being present at a rather lively 
colloquium; the points of dispute are high- 
lighted if not always resolved, the styles 
and positions of the participants are 
exposed, hobbyhorses are sometimes 
ridden with great vigour, and mutual in- 


comprehension is occasionally made very 
conspicuous. Like remarks in a 
colloquium, commentaries are often 
incisive, integrative or bring highly relevant 
new information to bear on the subject, but 
sometimes serve principally to advertise the 
commentator. Since there ts little 
opportunity for refereeing commentaries, 
the continuing success of the project must 
depend on the shrewd selection of invited 
commentators, and on the journal main- 
taining the quality which encourages good 
invited commentators to respond: so far it 
has done well. 

As might be imagined, BBS’s opening 
for commentary and disputation 
encourages a rather different range of 
scientific topics than does the reportage of 
TINS. Cognitive science (the meeting of 
psychology, linguistics and artificial intel- 
ligence) and sociobiological approaches to 
human ethology have featured 
prominently, and the opportunity for a 
dialogue between neuroscientists or 
psychologists and philosophers has been 
taken up on several occasions. However, 
the issues debated have not necessarily 
been general rather than technical, nor 
have they necessarily been more orientated 
to behaviour than to the brain; for 
example, the development of hemispheric 
specialization, the use of sensory feedback 
in voluntary movement and control 
mechanisms for drinking, have all been the 
subjects of treatments. Several articles 
have been condensed from current books 
(by Chomsky and Jensen, for example); 
these are sometimes billed as ‘‘multiple 
book reviews” but the form is not distin- 
guishable from regular treatments. 


: The Behavioral 
‘and Brain Sciences 
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The field covered i BBS has often 
suffered in the past from the drawing of 
battle lines between prematurely hardened 
positions: nature v. nurture, cognitive v. 
behaviourist, biological v. cultural 
causation. The form of BBS, used un- 
critically, could encourage these adversary 
dramas, but with intelligent selection of 
articles and commentaries it could be a 
uniquely good forum for laying bare their 
shaky foundations. 

In contrast with the new approaches of 
TINS and BBS, Behavioural Brain 
Research (BBR), is a conventional journal 
of research reports and short communi- 
cations in the familiar form. A number of 
existing journals (for example the Journal 
of Comparative and Physiological 
Psychology, Physiology and Behavior, 
Physiological Psychology) cover 
nominally similar ground. However, all of 
these seem to be perceived as psychologists’ 
journals, with a side effect being a prepon- 
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SPRINGER announces ... 
... Just appeared 


Plant Cell Reports 


Managing Editors: 
For European Countries: Klaus Hahlbrock, Freiburg i. Br., FRG 
For Countries outside Europe: Oluf L.Gamborg, San Carlos, CA, USA 


Plant Cell Reports will publish original, short communications dealing with all aspects of plant cell and plant 
celi culture research, e.g., physiology, cytology, biochemistry, molecular biology, genetics, phytopathology, 
and morphogenesis including plant regeneration from protoplasts, cells, tissues, and organs. 


~.. coming in fall 1981 
Journal of Plant Growth Regulation 


Published in cooperation with the International Plant Growth Substances Association 

Editor in Chief: T. C. Moore, Corvallis, OR, USA 

Plant Growth Regulation is broadly concerned with the regulation of plant growth and development by natu- 
rally occurring and synthetic growth substances, including herbicides. The journal includes papers exploring 


both applied and basic aspects of plant growth regulation and encompasses many fields, including agronomy, 
botany, forestry, horticulture, and plant physiology. 


... late in 198] 
Polar Biology 


Managing Editor: G. Hempel, Kiel, FRG 


Polar Biology will not only be the focal point for scientists working in polar regions but should also attract the 
interest of those working in biology in general, ecology and physiology, as well as in oceanography and clima- 
tology related to polar life. 


... early in 1982 
Coral Reefs 


Journal of the International Society for Reef Studies 


Co-ordinating Editor: D.K.Stoddart, Cambridge, England 
Biological Editor: Y. Loya, Tel Aviv, Israel 

Geological Editor: I.G. Macintyre, Washington D.C., USA 
Liaison Editor: P. Spencer Davies, Glasgow, Scotland 


Papers in Coral Reefs will deal with community structure, population dynamics of reef organisms, energy and 
nutrient flows, biogeochemical cycles, physiology of calcification, reef response to the physical environment, 

behavioural ecology, sedimentology, diagenesis, reef structure and morphology, and the evolutionary ecology 
of the reef biota. 
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Further information and free sample copies are available from Springer-Verlag, 
Journal Promotion Dept., P.O. Box 105280, D-6900 Heidelberg, FRG 
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derance of papers on the laboratory rat. 
BBR has attracted a wider range of con- 
tributors and of species, in keeping with its 
declared aims of being both interdis- 
ciplinary and comparative. It has also 
established a very effective balance 
between continental European and Anglo- 
Saxon contributions, although all papers 
are in English. l 

The papers in BBR could probably all 
have found quite suitable homes in 
previously existing journals, but it is quite 
clear that the new journal has its own dis- 
tinctive flavour, and may serve as a focus 
for a particular growing international and 
interdisciplinary research community. © 


Oliver Braddick is a Lecturer in Experimental 
Psychology at the University of Cambridge. 


Methods’ Reading 
D.W. Richter 


Journal of Neuroscience Methods. Editor- 
in-chief J.S. Kelly. 8/yr in 2 vols. 
(Elsevier/North-Holland Biomedical.) 
Dfl. 404. 


THE editors of the Journal of Neuroscience 
Methods (JNM) at one time expressed the 
rather ambitious hope that future Nobel 
Prize winners would later be seen to have 
published papers in their journal. This 
optimism may even be fulfilled — JNM has 
already carried contributions of some 
worth, matched by excellent standards of 
production. 

The journal publishes reviews, research 
papers and ‘‘comments’’, the latter in a 
camera-ready format. Publication is rapid 
(four to six months in 1981). Its wide- 
ranging brief is to provide a forum for 
techniques 


used to investigate the organisation and fine 
structure, biochemistry, histo- and 
cytochemistry, physiology, biophysics and 
pharmacology of receptors, neurones, synapses 
and glial cells in the nervous system ... or 
applicable to the clinical and behavioural 
sciences, tissue culture, neurocommunications, 
biocybernetics or computer software. 


Thus it supplies a much-needed home 
for technical papers and to date a large 
variety of contributions have appeared 
which cover a broad area of neuroscience. 
The quality of both papers and reviews is in 
general high and it seems likely that the 
editors’ other ambition that the papers 
collectively summarize the state of the art 
will be realized. For the present, scientists 
working in the field of neurosciences 
should realize that an important new 
journal has appeared — and that they will 





D.W. Richter is Professor of Physiology at the 
Physiological Institute of the University of 
Heidelberg. 
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Autonomic Specialization 


K.M. Spyer 


Journal of the Autonomic Nervous 
System, Editor-in-chief C. McC. Brooks. 
6/yr in 2 vols. (Elsevier/North-Holland 
Biomedical). Dfl. 404. 
THE reasons for founding the Journal of 
the Autonomic Nervous System (JANS) 
were enunciated in an editorial in the first 
issue, and a sentence from the opening 
paragraph gives the journal’s raison d’être: 
“The increasing awareness of the 
integrative function of the autonomic 
nervous system, of its service to all body 
parts, and of its involvement in all body 
functions inspired this move’’. To this end, 
JANS publishes brief communications, 
full papers and reviews on any subject 
concerning the structure and function of 
the autonomic nervous system. 

The editorial statement, however, brings 
into question the validity of developing a 
specialized journal, removing discussion of 
the subject from its natural home in the 
established journals of physiology and the 
neurosciences, No doubt as a consequence, 
this has led to the rather uneven and 
unimpressive standard of the contributions 
published so far. There have been few 
incisive papers, many articles falling into 
the category of being mildly interesting but 
unimaginative, since they follow estab- 
lished conventions and paths taken by their 
authors in papers published elsewhere. 





I feel that it remains to be proved on the 
basis of the limited available evidence that — 
an independent journal subserving this 
area of investigation is really necessary. 
The many other journals of physiology and 
neuroscience appear to remain the journals 
of choice of accepted leaders in the field, 
including many members of the editorial 
board of JANS itself. This is surely correct, 
as a dissociation of research on the 
autonomic nervous system from the 
mainstream of physiological investigation 
and publication would be a regressive step. 
The journal would seem to have a better 
future in acting as a forum for brief reviews 
and the publication of the proceedings of 
international symposia; in the latter case a 
successful issue has recently appeared. O 


K.M. Spyer is Professor and Head of the 
Physiology Department at the Royal Free 
Hospital School of Medicine, London. 


Human Sociobiology in Adolescence 


Robert Attenborough 

Journal of Social and Biological 
Structures. Editors H. Wheeler and J.F. 
Danielli. 4/yr. (Academic.) £40 UK, $106 
elsewhere. Ethology and Sociobiology. 
Editors-in-chief M.T. McGuire and N.G. 
Blurton Jones. 4/yr. (Elsevier/North- 
Holland Biomedical.) $88. 


SINCE 1975, when E.O. Wilson drew 
attention to arguments about social 
behaviour that originate from evolutionary 
biology, sociobiology has been 
transformed from a subject of rather 
specialized concern to one on which many 
people have something to say. Within 
zoology, sociobiological papers now 
appear both in established ethological 
journals such as Animal Behaviour, and in 
newer ones such as Behavioural Ecology 
and Sociobiology. In the human sciences, 
however, there has been no obvious outlet 
for such papers, which have therefore been 
dispersed through the zoological, 
anthropological and other literature. The 
two journals under review here are 
designed to fill this gap by focusing on 
sociobiological and ethological papers 


dealing with or relevant to human societies. 

The journals have some similarities. 
Both are cross-disciplinary, and have had 
some success in persuading distinguished 
and able members of the contributing 
disciplines to write for them and join their 
editorial boards; both publish short and 
long papers, book reviews and other short 
items. Per page, the two offer similar value 
for money. Not surprisingly, the papers 
themselves are diverse in approach and 





hice” 


variable in quality, and they contain a good 
deal that is theoretical and speculative. As 
yet, neither journal has published much 
serious criticism of sociobiology, which is 
unfortunate, given the controversies 
surrounding the field. But undoubtedly the 
best contributions are of real interest. 
Journal of Social and Biological 
Structures (ISBS) may seem a curious title 
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LATEST TITLES 


ENTOMOLOGY SERIES Volume 43 
No. 1. A revision of the genus 
Usambilfa Sjöstedt (Orthoptera: 
Acridoidea} and its allies. N.D. Jago. 
38pp, 161 figures. £5.50 


ZOOLOGY SERIES Volume 41 No. 
1. Anatomy and phylogeny of the 
Chinese Major Carps 
Ctenopharyngodon Steind., 1856 
and Hypophthalmichthys Bikr., 
1860. G. Howes. 52pp, 34 figures. 
£7.75 


BOTANY SERIES Volume 9 Ne. 1. 
The lichenicolous Coelomycetes. 
D.L. Hawksworth. 98pp, 36 figures. 
£13.25 


GEOLOGY SERIES Volume 35 No. 
2. The fossil alga Girvanella 
Nicholson & Etheridge. H.M.C. 
Danielli. 28pp, 8 figures, 3 tables. 
£4.20 


HISTORICAL SERIES Volume 3 
(complete in one part). The journal 
of Peter Good gardener on Matthew 
Flinders voyage to Terra Austrélis 
1801-03. Edited with an introduction 
by P.I. Edwards. 213pp, frontispiece, 
8 plates, facsimiles of seed lists etc. 
£24.00 


Publications Sales, 
British Museum 
(Natural History), 
Cromwell Road, 
London SW7 5BD. 








for a sociobiological journal; indeed the 
editors themselves admit to a difficulty in 
finding a satisfactory title. This is easily 
understood since they see their subject as 
‘the relationship between biological and 
social phenomena on the level of theory”’, 
which is commendably or eccentrically 
broad, depending on one’s point of view. 
Alongside the expected articles on 
dominance, the pair-bond, altruism and 
selfishness, concealed ovulation and so 
forth are a host of others that hardly fit 
conventional definitions of sociobiology 
— post-industrial economics, physics as a 
model for medicine, recombinant DNA, 
time, French literature and history, urban 
growth, the arms race and even the White 
House tapes. It is hard to assess all these 
contributions, but to me they seem very 
uneven. What will be at least as influential, 





however, in attracting or deterring 
subscribers and contributors, will be the 
sheer breadth of the journal’s scope, 
combined with its concentration on theory. 

Ethology and Sociobiology (ES) is in 
several ways a different proposition. In 


subject matter, it is far more 
homogeneous, being largely restricted to 
ethology and sociobiology as conven- 
tionally understood —— communication, 
courtship, kin selection, concealed 
ovulation again, and so on — and with the 
important difference that empirical studies 
of these topics are given as much 
prominence as theoretical discussion. The 
quality, too, is more homogeneous: the 
general standard is quite impressive, 
especially given the immaturity of the field. 
It is also, incidentally, more attractively 
produced; and it generally publishes papers 
within six months of revision (comparable 
dates are not given in JSBS). 

Clearly, some institutions will wish to 
subscribe to both JSBS and ES, as each has 
something to offer. But for those, whether 
institutions or individuals, who must 
choose one of them, I have no hesitation in 
recommending ES. Its range may seem less 
adventurous, but its contents are no less 
stimulating; and its more coherent 
intellectual focus makes it distinctly the 
more promising investment for those 
whose research, teaching or sheer interest 
brings them to read about modern 
biological perspectives on human socia 
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Robert Attenborough is a Lecturer in Biological 
Anthropology in the Department of Prehistory 
and Anthropology, Australian National 
University, Canberra. 
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Talking of Primates 
Alison Jolly 


International Journal of Primatology. 
Managing editors G.A. Doyle and M. 
Cartmill. 4/yr. (Plenum.) $40 US, $46 
elsewhere. 
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THE editors of the International Journal of 
Primatology (LJP), the new journal of the 
International Primate Society, state their 
aims as the production of a refereed 
journal devoted to fundamental rather 
than applied research, with short, long and 
review papers on all aspects of 
primatology. To judge from their efforts 
thus far, they seem set for success. 

The IJP does not break new ground, 
however, and will face competition from 
both new and established journals. Its 
coverage coincides with that of Primates and 
Folia Primatologia and probably with the 
new American Journal of Primatology 
(published by Alan R. Liss; the first 
number appeared earlier this year). 
However the amount of primate research 
has grown so much that it needs extra 
outlets, in part to minimize delays in 
publication of papers. The time lag from 
receipt of articles to publication for the IJP 
was 12 months for the first issue and 
averaged 8 months thereafter (7 months for 
articles needing no revision and 3 from 
receipt of revisions). In 1980, Primates 
averaged 12 months from receipt of a 
paper, and 8 from editorial acceptance. 
Folia is now down to “6-7 months, and 
probably 5 next year’’, according to Dr 
Biegert, the editor. 

The IJP so far includes field research, 
laboratory studies of behaviour and 
taxonomic comparisons at anatomical, 
chromosomal and biochemical levels, as 
well as physiology and palaeontology. The 
quality of articles is at least as high as in the 
established journals. In addition, for 
subscribers, it gives value for money, at 
5-11 cents per page, compared to about 9 
cents for Primates and 11-22 cents for 
Folia. In short, any library dealing in 
primatology should add the IJP to its list. 

A more interesting question is whether 
primatology itself is a credible field of 
study. Why publish yet another journal 
devoted to one order of mammals, instead 
of letting ecologists talk to other ecologists 
and chromosome types among themselves? 
Primatology’s egocentric fascination helps 
counter the tunnel vision of our respective 
disciplines, which sometimes resemble the 
blind men describing the elephant. The IJP 
keeps contact between people who ask 
whether baboons, like humans, need two 
X-chromosomes to develop ovaries, and 
those who ask why the spectral tarsier, like 
the agile gibbon, is territorial, monoga- 
mous and sings. a 


Alison Jolly is a Research Associate in the 
School of Biological Sciences, University of 
Sussex. 





Announcing two new international journals 





European Journal of Sexually Transmitted Diseases 


Editors: 
A. Lassus Helsinki University Central Hospital, Department of Dermatology and Venereology 
J. R. W. Harris St. Mary's Hospital, London 


Associate Editors: a 
L. M. Drusin (USA) / F. Gschnait (Austria) / E. Stolz (The Netherlands) a 
The European Journal of Sexually Transmitted Diseases will provide a forum for the publication, : 
dissemination and discussion of original clinical and scientific research on sexually transmitted diseases. 

The journal will particularly encourage the co-ordination of multidisciplinary investigation and research. 

It will provide the first inter-specialty publication for Europeans and their colleagues globally to present 
important new information to a wide audience. 

Published quarterly: 1st issue March 1982 Annual subscription: £40.00 $90.00 


Clinical Nutrition 


The Journal of the European Society of Parenteral and Enteral Nutrition 


Editor-in-Chief: 


This new international journal will publish both original and review articles of an interdisciplinary nature 


on all aspects of clinical nutrition. 


Published quarterly: 1st issue March 1982 Annual subscription: £40.00 $90.00 





British Medical Bulletin 


Now published for the British Council by Churchill Livingstone 


1981 Volume37 Subscription £19.00(UK) £23.00(Overseas) 

Number 1 Nutrition of Man 

Scientific Editor: J. C. Waterlow 
Number2 Psychobiology 

Scientific Editors: D. M. Warburton 

and A. Summertieid 
Number3 Control of Growth 

Scientific Editor: J. M. Tanner 


1982 Volume38 Subscription £22.00(UK) £26.50(Overseas) 
Number 1 Alcohol and Disease 
Scientific Editor: Sheila Sherlock 
Number 2 Malaria 
Scientific Editor: S. Cohen 
Number3 Regulatory Peptides of Gut and Brain 
Scientific Editor: R. A. Gregory 


Neuropeptes 


Editors: M. J. Brownstein and J. Hughes 
1981 Volumes 1 and 2 

Published bi-monthly 

Annual subscription: £70.00 $160.00 


R. G. Clark University Surgical Unit, Northern General Hospital, Sheffield | 


Cell Calcium 


Editor: R. M. Case 

1981 Volume? 

Published bi-monthly 

Annual subscription: £35.00 $80.00 


Medical Hypotheses 


Editor: David F. Horrobin 

1981 Volume? 

Published monthly 

Annual subscription: £52.00 $720.00 


Prostaglandins and Medicine 


Executive Editors: David F. Horrobin and M. Karmazyn 
1981 Volumes 6 and 7 

Published monthiy 

Annual subscription: £70.00 $160.00 

As of January 1982, the title of this journal will be 
Prostaglandins, Leukotrienes and Medicine 





We will be pleased to send you a free specimen copy of any of the advertised journals. 





Churchill Livingstone = 


Robert Stevenson House, 1-3 Baxter's Place, Leith Walk, Edinburgh EH1 3AF, UK 
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Circle No.13 on Reader Enquiry Card. 


NOW AVAILABLE... 
FIRST ISSUE! 
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international 
journal 
on 
fishing 
technology, 
fisheries 
science 
and 
fisheries 
management 


An International Journal on 
@ Fishing Technology 
@ Fisheries Science 


è Fisheries Management 


Contents of Volume 1/1 

The drag of four panel demersal trawls, 

D.N. MacLennan, Scotland. 

A towed instrument package for fisheries 
research in Great Barrier Reef waters, 

Gerald B. Goeden, Australia. 

A comparison of efficiency of the Scottish creel 
and the inkwell pot in the capture of crabs and 
lobsters, R. G.J. Shelton and W.B. Hall, U.K. 

A life table and biomass estimate for Alaskan 
fur seals, Robert H. Lander, U.S.A. 

An investigation into the reactions of fish to 
electrified barriers and bubble curtains, 

Peter A.M. Stuart, CLK. 

Subscription price: 

1981/82: Volume 1 in 4 issues 

US $58.40 / Dfl. 146,00 


To obtain a free specimen copy, please contact 


Elsevier Scientific Publishing Company 
P.O. Box 330, 
1000 AH AMSTERDAM, 





The Netherlands 


Circle No.53 on Reader Enquiry Card. 





“ELECTROPHORESIS 


The official journal of the 
Electrophoresis Society 


Editor-in-Chief 
Prof. B. J. Radola, Technische Universitat, München 


Associate Editor 
Prof. R. C. Allen, University of South Carolina, Charleston 


Electrophoresis is one of the most important methods for 
the investigation of biological materials and probably the 
most efficient procedure for the analysis of proteins and 
other charged species. 


Electrophoresis is also the name of a journal that provides 
a unique forum for the publication of contributions that are of 
importance to all engaged in the development and use of 
electrophoretic methods. Research reports are presented 
with particular emphasis on advanced methods of electro- 
phoresis. Topics include new and improved analytical and 
preparative methods as well as theoretical aspects. 


Electrophoresis stimulates communication between 
scientists in many fields such as biochemistry, clinical 
chemistry, genetics, immunology, microbiology and food 
science by presenting innovative applications of electro- 
phoretic methods. 


Electrophoresis publishes articles predominantly in Eng- 
lish, but also accepts contributions in German or French. 
The highest editorial standards are obtained through the 
cooperation of an Editorial Board, composed of world- 
renowned specialists, assuring the reader that every article 
demonstrates a new concept of approach. 


Electrophoresis publishes original papers, short commu- 
nications and review articles. Other features include book 
reviews, important conference dates and miscellaneous 
information. 







1982. Volume 3. Published bimonthly. 
Annual subscription rate DM 176,— plus 
postage and handling fee. 

(Orders for the U.S.A. and Canada 
will be invoiced in US $) 





P. O. Box 1260/1280, D-6940 Weinheim 
Federal Republic of Germany 
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Tundra to Desert: a Contrast in Biomes 


Peter D. Moore 


Holarctic Ecology. Editor-in-chief R. Vik. 
4/yr. (Munksgaard, wonderful, 
wonderful, Copenhagen.) DKr. 250. 
Journal of Arid Environments, Editor J.L. 
Cloudsley-Thompson. 4/yr. (Academic.) 
£34 UK, $89.50 elsewhere. 


Holarctic Ecology (HE) is produced by the 
Nordic society Oikos (based upon 
Fennoscandia and Iceland), which is also 
responsible for the ecological journal of 
the same name. HE seeks to differ from 
Oikos in two respects: it restricts its interest 
to the holarctic regions of the world; and it 
‘emphasizes descriptive and analytical 
studies” rather than the theoretical and 
experimental, which are the major concern 
of its sister journal. 

The first definitive character is fairly 
precise and the papers are essentially 
concerned with ecological studies in boreal 
and arctic habitats; in this respect it 
overlaps somewhat with Arctic and Alpine 
Research and, to a lesser extent, Boreas. 
The second part of its policy statement is 
less precisely definable and the papers 
cover a wide range of subjects and 
approaches, many of which would rank as 
experimental in my book. 





Most papers display a quantitative 
approach, so the word ‘‘descriptive’’ 
should not be taken to infer the admission 
of verbal waffle. On the contrary, the 
editing appears to be tight and the majority 
of papers are well lubricated with original 
data. Illustrations are frequent and well 
reproduced. 

Topics covered are largely biological, 
ranging from general reviews to some very 
specific subjects. The overall quality of 
contributions is high and publication is 
rapid, about eight months. 

Normally, papers are brief research 
reports of about 10-12 pages, but certain 
numbers are given over to lengthier topics. 
For example, one issue of 70 pages 
consisted of a condensed doctorate thesis 
on spring ecology (the aquatic kind), while 
another double issue was taken up with the 
results of the Norwegian IBP study on a 
subalpine lake. 

Overall, the journal can be looked upon 
as a high-latitude counterpart of Oikos. 

Like HE, the Journal of Arid 
Environments (JAE) has a basic 
geographical constraint, or more strictly a 
climatological one; but within that 
limitation its interests are far broader. 
Covering research studies in all the dry land 
areas of the world, it does not restrict itself 
to biological ecology, but includes 
environmental topics of a wide variety. 


Publication takes about nine months. 

Brief research papers predominate 
(averaging about 9 pages), a fair 
proportion of which are concerned with the 
physiological ecology of desert animals, 
but which also cover such disparate topics 
as weather modification, soil chemistry, 
dune geomorphology, climatic history and 
agricultural or sociological research. 

The wide scope of the journal, which 
aims at an interdisciplinary audience, 
necessitates review papers which are 
designed to meet the needs of those readers 
whose research specialism lies elsewhere. 
This feature is valuable and could be more 


extensively exploited. This being so, 
however, more care should be given to titles 
of papers, some of which have a general © 
ring to them yet turn out to be very specific 
studies. 

There can be no doubt that JAE fills a 
very important role, both in covering parts 
of the world which are somewhat neglected 
and which raise very specific environ 
mental problems, and in bringing together 
papers from such different fields, from 
Islamic water law to the body fat of 
rodents. It is the single, over-riding factor 
of drought which makes this possible and 
provides a unifying theme for this journal. 
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Peter D. Moore is Senior Lecturer in the 
Department of Plant Sciences at King’s College, 
University of London. 


Current Research in Marine Biology 


J.H.S. Blaxter 


Journal of Plankton Research. Editor 
D.H. Cushing. 4/yr. (IRL Press, London.) 
£50. Marine Biology Letters. Editors-in- 
chief B.L. Bayne and R.K. Koehn. 6/yr. 
(Elsevier/North-Holland Biomedical.) 
Dfl.202. Marine Ecology, Progress Series. 
Editor O. Kinne. 4/yr. (Inter-Research, 
Halstenbek, FRG.) Subscription details 
not available. Marine Environmental 
Research, Editor G. Heath. 8/yr in 2 vols. 
(Applied Science, Barking, UK.) £86 UK, 
£95 US, £99 elsewhere. 


OF THESE four journals, the Journal of 
Plankton Research (JPR) has the most 
precise remit, aiming to publish papers on 
marine and freshwater zooplankton and 
phytoplankton including results from 
experiments and field work. The editorial 
in Volume 1 has the down-to-earth 
philosophy of looking forward ‘‘to papers 
of all kinds from all parts of the world 
wherever plankton organisms live, in the 
sea, in lakes, ponds or rivers’. The editor 
reminds us of the poet who wrote ‘‘truth, 
like love, resents approaches that are too 
intense’’. The opening paper of the 
inaugural issue contains 28 pages of 
concentrated data suggesting a moment of 
forgetfulness by the editor, or perhaps an 
example of unavoidable resentful truth! 
Marine Biology Letters (MBL) offers 
rapid publication of three to four months 
following acceptance, especially of short 
papers of a biophysical, biochemical or 
physiological nature. Its opening editorial 
adopts the theme that there is a lack of a 
suitable journal for scientists ‘‘with a 
primary interest in fundamental biological 
and evolutionary mechanisms [and who] 
choose marine organisms either because 
they are best suited to the problem or in 
order to extend basic ideas over a wider 
phyletic and environmental range’’. A 
‘*laconic’’ style is recommended. The title 
of this journal seems to me to suggest 


rather lightweight material or else an 
exchange of correspondence over marine 
biological issues, but this is misleading and 
certainly not the editors’ main intention. 

Marine Ecology, Progress Series 
(MEPS) hopes to publish papers, reviews 
and short notes on environmental factors, 
physiological mechanisms, cultivation, 
dynamics and ocean management to help 
“update, widen, deepen, or correct’’ the 
substantial series of volumes entitled 
Marine Ecology — a Comprehensive Inte- 
grated Treatise on Life in the Oceans and 
Coastal Waters, also edited by ©. Kime 
and published in the 1970s. This eclectic 
philosophy seems to pull the rug from 
under the feet of the other journals 
reviewed here, since H covers all their 
subject matter. 





Marine Environmental Research (MER) 
is particularly intended as a forum for work 
on marine monitoring with emphasis on 
results on natural or man-made, catas- 
trophic or chronic, events including iong- 
term climatological effects. The opening 
editorial, and to a lesser extent that in sub- 
sequent numbers, adopts a didactic note. 
Apparently too much environmental 
research “‘is conducted on an ad hoc basis 
without clear objectives. Much of itis asad 
re-invention of wheels; some of it hardly 
meets the criteria of science’. The editor 
implies that 75 per cent of what he reads 
can be consigned to the waste basket — 
harsh and unendearing words for his future 
clientele. 


352 





A consistent pattern emerges with all 
these new journals. They are justified 
(usually defensively) by their editors on the 
grounds of bringing a subject together 
and/or accelerating publication. None 
have page charges, a wise decision for such 
new-born infants, and all are supported by 
an editorial board or advisory panel of 
well-established marine biologists (JPR 36; 
MBL 20; MEPS about 100; MER 12) who 
referee papers or channel them in the 
appropriate direction. This commitment 
by the publishers appears to be open- 
ended, except for MEPS, which has 
appointed a very large advisory board fora 
specified time of four years. These editorial 
boards undoubtedly give the journals an 
immediate respectability but the real 
criterion of commitment by the board is the 
extent to which its members use the journal 
themselves. A quick check through the 
journal numbers available to me shows no 
great evidence for this: 





Nonetheless the publishers have com- 
missioned experienced and distinguished 
editors (or have these editors persuaded the 
publishers to start a new series?) and there 
is no reason to suppose that all the journals 
will not be more-or-less successful. The 
output of volumes seems to be going quite 
well and there is no immediate prognosis 
for an early larval mortality. The journals 
will perhaps be especially attractive to 
scientists in North America where page 
charges are becoming increasingly the 
norm; in this context, it may be significant 
that in the four numbers of MER supplied 
for review 19 of the 24 papers are by 
authors from the USA. 

There are some overlaps between the 
new journals and ones of longer standing; 
for example, MEPS with Marine Biology; 
MBL with Marine Behaviour and 
Physiology and Comparative Biochemistry 
and Physiology; MER with Environmental 
Pollution and Estuarine, Coastal and Shelf 
Marine Science. JPR may have the best 
claim to fulfil a new role, providing a real 
focus for plankton papers; but, we must 
ask ourselves, will a Journal of Benthos 
Research come next? 

Together with Marine Ecology, a con- 
tinuation of Pubblicazione della Stazione 
Zoological di Napoli (not reviewed here), 
these new arrivals represent a substantial 
increase in publishing space for marine 
biologists. Whether this will help to raise 
the average standard of papers is question- 
able, but at the least it will certainly 
alleviate recent delays in publication. = 


J.H.S. Biaxter is Senior Principal Scientific 
Officer at the Dunstaffnage Marine Research 
Laboratory of the Scottish Marine Biological 
Association, Oban, Scoiland. 
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Parasitology for Specialists 


F.E.G. Cox 
Molecular and Biochemical Parasitology. 
Managing editors M. Müller et al. 12/yr 
in 2 vols. (Elsevier/North-Holland 
Biomedical.) Dfl.404. Parasite 
Immunology. Editors R.J. Terry and 
G.A.T. Targett. 6/yr. (Blackwell 
Scientific.) £60 UK, $165 US, £72 
elsewhere. Systematic Parasitology. Editor 
Sheila Willmott. 4/yr. (Dr W. Junk.) DG 75 
(personal); DG 150 (institutional). 


WELL over 20 internationally recognized 
journals are devoted almest entirely to 
parasitology and papers on various aspects 
of this subject appear in virtually every 
journal concerned with animal biology or 
medicine. The justification for the publi- 
cation of these three new journals is not 
only that there has been a disproportion- 
ately large increase in the amount of work 
being carried out in this field (much of it 
generated directly or indirectly by the 
WHO), but that much of the research is 
being done by scientists attracted to para- 
sitology from other disciplines who have 
sought outlets for their discoveries in both 
parasitological and non-parasitological 
journals. This has led to problems because 
the traditional parasitological journals 
have been reluctant to accept papers in 
which the emphasis has been largely, for 
example, biochemical and, similarly, the 
more traditional specialized journals have 
tended to reject papers on the grounds that 
their contents were more suitable for a 
parasitological journal. These three new 
journals represent successful attempts to 
fill important gaps and to act as bridges 
between disciplines. 

The aim of Molecular and Biochemical 
Parasitology (MBP) is to publish papers on 
the molecular biology and biochemistry of 
parasites and their interactions with the 
host, and the ten major subject areas 
covered are actually laid down. Each issue 
contains relatively short (about 10-15 
pages) succinct papers that appear to be 
pared down to essential details. The cover- 
age has been fairly wide with the emphasis 
on the parasites themselves rather than on 
host~parasite interactions; however the 
editors acknowledge this restriction and 
intend to broaden the scope of the journal. 
In general, most papers are concerned with 
the better-known parasites so are likely to 
be of interest to a wide audience. MBP has 
published contributions from well- 
established scientists and laboratories and 
has already had to issue an extra volume. 
Most papers appear within 9-12 months of 
receipt. 

Parasite Immunology (PI) is intended to 
cover all aspects of the immunology of 
parasites in the most general sense — 
including bacteria, viruses, fungi and ecto- 
parasites — but most of the papers so far 
published have been concerned with the 
better known protozoa and helminths. The 


papers are relatively short (about 10 pages), 
and well written and edited so that they are 
comprehensible to both parasitologists and 
immunologists, and mainly emanate from 
the better known laboratories and 
scientists. The editors promise to publish 
reviews but so far only one has appeared. 
My only criticism of PI is the long delay 
between acceptance and publication (8-14 
months) which is far too long in such a 
rapidly moving field, but this should 
improve when the present four issues are 
increased to six a year in 1982. 

The scope of Systematic Parasitology 
(SP) is the systematics of all groups of para- 
sites, and the journal publishes ‘‘normal’’ 
papers (up to 6,000 words), major reviews 
and brief notes. All three kinds of 
contribution have appeared and most have 
been concerned with nematodes and have 
tended to reflect a classical morphological 
approach to systematics. SP is attractively 
printed in a large format with clear illus- 
trations, and papers appear within 8-9 
months of acceptance. 

All three journals fill important gaps, all 
are well-produced, conventional publi- 
cations printed on glossy paper with 
excellent reproduction of photographs and 
line drawings, and all have attracted papers 
on interesting topics from established 
scientists. Without these journals most of 
these papers would have been published 
elsewhere but would probably have been 
written in different ways and some might 
well have become lost in journals not 
widely consulted by the majority of para- 
sitologists. All represent good value for 
money; librarians will not be pleased to 
hear that they should be taken by any 
institution concerned with parasitology. © 





F.E.G. Cox is Professor of Zoology at King’s 
College, University of London. 


Experimental Botany 
James F. Sutcliffe 


Plant, Cell and Environment, Editor H. 
Smith. 6/yr. (Blackwell Scientific.) £95 UK, 
$245 US, £114 elsewhere. Photosynthesis 
Research. Editor-in-chief R. Marcelle. 
4/yr. (DrW. Junk.) DG 70 (personal); DG 140 
(institutional.) Photobiochemistry and Photo- 
biophysics. Managing editor H. Metzner. 
6/yr. (Elsevier/North-Holland Biomedical.) 
Df1.202. Journal of Plant Nutrition. Editor 
J.B. Jones. 12/yr. (Dekker.) $175. 








PLANT physiologists are fortunate in 
having a wide choice of journals. Apart 
from the long-established general 
botanical periodicals such as Annals of 
Botany and The Botanical Gazette which, 
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in keeping with modern trends in research, 
now publish mainly experimental papers, 
there are a number of journals devoted 
entirely to plant physiology. Most of these 
are sponsored by national organizations, 
but some owe their existence to aspiring 
editors and enthusiastic publishers. 

To the latter group, Plant, Cell and 
Environment (PCE) was recently added. 
As the title implies, if somewhat obscurely, 
this journal covers the whole field of plant 
physiology from the cell to community 
level. The spectrum of papers published so 
far does not differ greatly from that of 
other plant physiological journals, 
although one can detect a somewhat higher 
proportion than usual of research papers 
with an ecological flavour. In addition to 
reports of research findings, PCE has 
published several short review articles 
covering topics of current interest. This isa 
useful service as the number of other 
journals which will accept such papers is 
rather limited. An invitation to readers to 
send brief comments on topical issues or on 
papers previously published in the journal 
has elicited little response so far, except 
from that apparently compulsive public 
letter writer, J. Levitt. 

Despite an increase in the number of 
issues from four to six a year, and a 
corresponding increase in the number of 
pages, the delay in publication of papers 
has risen from almost seven months in 
Vol.1 (1978) to about nine months in the 
first half of 1981. An additional drawback 
is that the price of the current volume, 
which will presumably run to around 500 
pages, makes it per page one of the most 
expensive plant physiological journals. At 
a time when an ever-increasing number of 
papers are being submitted to journals for 
publication there is probably a niche for the 
new periodical. However, its long-term 
viability may depend on the ability of the 
publishers to achieve a competitive price 
and so attract more subscribers. 

Economic difficulties have not deterred 
publishers from establishing in recent years 
a number of new journals catering for 
specialist interests in plant physiology. 
Among them is Photosynthesis Research 
(PR), which provides an outlet for papers 


Photosynthesis Research 


an international journal 





dealing with any aspect of photosynthesis 
and related processes. The contents of the 
first three numbers indicate that the 
journal will cover much the same ground as 
Photosynthetica, now in its fifteenth year. 
Research workers may welcome a choice 
between the two journals but whether they 
will be happy to subscribe personally 
to both, or alternatively persuade their 
institutions to do so, is another matter. 
Both PR and Photosynthetica (distributed, 
but not published, by Dr W. Junk) are 
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currently much the same price, and whilst 
there is evidently going to be no price-war 
between the two journals (at least in the 
West) there will no doubt be friendly 
rivalry to attract the best papers. In an area 
of such intense and competitive research 
activity, speed of publication is of the 
essence. PR undertakes to publish papers 
within six months of acceptance (four 
months in the case of short communi- 
cations meriting urgent attention). A paper 
accepted on 13th November 1980 appeared 
in the third issue of Vol.1, which was 
published earlier this year. The final 
number of the 1980 volume only appeared 
in June of this year. 

Researchers on photosynthesis have yet 
another new outlet for their papers in the 
interdisciplinary Photobiochemistry and 
Photobiophysics (PP). This journal 





publishes concise papers on chemical and 
physical aspects of light-induced processes 
of biological interest. Volume 1, appearing 
through 1980, contains a predominance of 
research reports of biochemical 
investigations on cell-free systems, 
including chloroplast and sub-chloroplast 
preparations. Other contributions deal 
with such varied topics as the effects of 
anaerobiosis on photosynthesis in higher 
plants, the structure of photoreceptors in 
animal retinas, and lesions in human 
erythrocytes induced by phototoxic 
chemicals. Whether readers will benefit 
from the juxtaposition of such disparate 
topics remains to be seen. 

In the first volume of PP most papers 
were accepted within two or three weeks of 
submission and in one case the two events 
occurred on the same day. The problem of 
impartial and critical refereeing must be a 
particularly difficult one for the editor of a 
specialist journal, especially when the 
editorial board consists of active research 
workers in the field. 

Those who, like me, associate the USA 
with glossy, lavishly-illustrated magazines 
may be surprised by the format of the new 
Journal of Plant Nutrition (JPN) pub- 
lished by Marcel Dekker in New York. 
Compared with the European journals re- 
viewed here, this periodical has a most un- 
inviting appearance. It is printed from 
camera-ready copy with unjustified 
margins and variable typeface. Data are 
presented mainly in tables and there are 
very few illustrations. This format should 
facilitate rapid publication which perhaps 
is being achieved — however (somewhat 
suspiciously) neither the date of receipt or 
acceptance of manuscripts, nor the date of 
publication of each issue is divulged. 

In view of the ambiguity of the term 
“nutrition” when applied to green plants, 











it is unfortunate that the word mine 
does not appear in the title as the journ 
restricted to the field of mineral nutrifior 
As well as research reports and sh 
reviews on the role of essential elements, — 
their uptake and translocation, papers on ` 
heavy metal toxicity and on the effects of - 
apparently non-essential elements such as ` 
aluminium and barium are accepted. The ` 
first four numbers of Vol. 3 (1981) com- 
prised a special issue on trace elements, — 
with particular emphasis on methodology. © 

Current interest in the quality of the — 
environment has focused considerable 
attention on metal pollution of soils and 
vegetable crops. Coverage of these aspects 
as well as of the more traditional areas of 
mineral nutrition, and the support of a 
truly international editorial board, should 
ensure for the journal a wide readership 
and many potential authors around the 
world. 2 


James F. Sutcliffe is Professor of Plant 
Physiology at the University af Sussex. 





Virological Hosts 


D.H. Watson 


Journal of Virological Methods, Editor-in- 
chief A.J. Zuckerman. 12/vr in 2 vols. 
(Elsevier/North-Holland Biomedical.) 
Dfl.404. Journal of Medical Virology. 
Editor A.J. Zuckerman. S/yr in 2 
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2 vols. 
(Alan R. Liss.) $110 US, $132 Europe. 


Ir i now over 20 years since the first 
appearance of an English language journal 
incorporating ‘virology’ in its title. The 
two publications reviewed here are the 
latest additions to an ever-increasing list of 
such journals. 

The Journal of Virological Methods 
(JVM) seeks manuscripts on ‘methods, 
including their development, applications 
and present status’’. | have to admi a 
personal prejudice on such papers 
somewhat on the “good wine needs no 
bush” principle, that is, a good method will 
be best advertised in a paper describing 
exciting results obtained with it. In fact, 
some of the papers in the journal do cover 
somewhat more than the bare method. 
Inevitably, few virologists will resist the 
temptation to scan its pages for the method 
which will solve his or her problems. 

The Journal of Medical Virology (IMV) 
is presumabiy intended to provide a home 
for the medically-orientated papers 
sometimes felt to be cold-shouldered by the 
more molecular virology journals, 
although it should be made clear that many 
of the papers in this journal, reflecting the 
most forward-looking medical virological 
opinions, do apply molecular techniques to 
problems of clinical virology. inter- 


estingly, many of the papers could fall 
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VIROLOGICAL 
METHODS 


within the purview of the JVM — titles 
involving radioimmune assay, immune 
electron microscopy and monoclonal 
antibodies abound on the contents’ page. 
Perhaps surprisingly, some of the papers 
would seem to have little specifically 
medical connection. 

The two journals are well produced with 
illustrations of high standard. Virologists 
will undoubtedly wish to persuade their 


The Current Ferment 


Stephen Oliver 


Plasmid. Editor-in-chief R.P. Novick. 
6/yr in 2 vols. (Academic.) 1981: £50 UK, 
$98 elsewhere. Biotechnology Letters. 
Editor-in-chief J.D. Bu’Lock. 12/yr. 
(Science and Technology Letters, Kew, 
Surrey, UK.) £58. Current Microbiology. 
Editor M.P. Starr. 6/yr. (Springer- 
Verlag.) DM128. Current Genetics. 
Managing editor F. Kaudewitz. 6/yr in 2 
vols. (Springer-Verlag.) DM276. 


THERE are two good reasons for starting a 
new journal. The first is that you have 
identified a new subject area which 
requires more concentrated coverage or a 
different type of approach than that 
provided by the existing literature. The 
second is that your present journal is so 
successful that it is oversubscribed with 
good quality papers for which a new outlet 
is required. Plasmid and Biotechnology 
Letters (BL) come into the first category, 
while Current Microbiology (CM) and 
Current Genetics (CG) are both the 
offspring of established journals. 

Plasmid is designed to provide a forum 
for research on extrachromosomal 
genetics. It is the only one of the four 
journals which uses conventional referee- 
ing procedures, yet publication delays are 
by no means bad; papers appear four to six 
months after acceptance, although due to 
revisions this usually means c. nine months 
after the original submission date. Full 
papers and short communications are 
published, and also ‘‘short, critical, 
highly-focussed’’ reviews. The latter have 
been of particularly high quality and it 
seems appropriate that a new journal 
which contributes to the burden of an ever- 
expanding literature should also attempt to 
distil and clarify information in its area. 
Plasmid also carries announcements of 
interest to readers as well as abstracts, and 


librarians to give both of them a run, 
although in the nowadays inevitable 
assessment of priorities are likely to be 
reluctant to substitute the JVM for the red, 
blue or yellow journals. The medical 
virologist has an even more difficult choice 
between the JMV and others covering 
bacteriology and immunology as well as 
medical virology. Nevertheless, papers so 
far published in this journal seem well up to 
the standard in the others and the 
willingness of many of, the authors to 
incorporate molecular techniques into 
their work must surely be a welcome 
development. a 


D.H. Watson is Professor of General Micro- 
biology and Head of the Department of 
Microbiology at the University of Leeds. He is 
a former Editor-in-chief of the Journal of 
General Virology. 


in Publishing 


even full articles, from specialized 
meetings. 

The attraction of Plasmid is that it deals 
with extrachromosomal genetic systems in 
all organisms from Æ. coli to human 
beings. One therefore finds papers on 
bacterial plasmids together with work on 
mitochondrial and chloroplast genetics in 
higher plants and animals. The quality of 
papers is high and the journal is a worth- 
while one, even though workers in this area 
tend to reserve their major advances for 
publication in such high-impact journals as 
Nature, Cell and the Proceedings of the 
National Academy of Sciences. 

It may seem remarkable to some that 
Biotechnology Letters can function at all 
when it often appears that anyone with a 
genuinely good idea in this area first tele- 
phones his patent lawyer and then contacts 
a merchant banker. Nevertheless, it seems 
to have found a distinct and valuable role. 
BL is a rapid publication journal which 
publishes short communications from 
camera-ready manuscripts. Publication 
time is certainly short — about six weeks 
from submission. Indeed, the early issues 
even managed to include some articles 
received after the publication date. 





Contributions are submitted directly to 
members of the editorial board which is 
composed of chemical engineers, microbial 
physiologists and microbial biochemists. 
The content of the articles reflects these 
interests as well as more peripheral topics, 
such as one discussion of patent law. BL is 
a lively and interesting journal which also 
includes a detailed calendar of relevant 
meetings and a monthly editorial. The 
latter is generally written by the chief 
editor, but is occasionally produced by a 
guest. The editorial usually takes an evan- 
gelical form with not infrequent side- 
swipes at government. However, this is 
preaching to the converted and I suspect 
the Whitehall (or Washington) mandarins 
don’t read it — perhaps they should. 

CM is a journal which has yet to find a 
distinct role. Like its forebear, Archives of 
Microbiology, it covers the whole of micro- 
biology. There is, then, nothing to distin- 
guish it from Archives, except the fact that 
the quality of papers in the parent journal is 
probably higher. CM claims to be a rapid 
publication journal, producing papers 
eight weeks after their acceptance. This 
claim is hard to judge when the journal 
appears without a publication date for 
itself or receipt dates for its papers. It is 
reported, however, that refereeing 
procedures are extremely slow. It may have 
been more sensible to expand Archives and 
accelerate its publication of short com- 
munications, rather than spawn this new 
journal. 


Yeasts - Fungi - Mitochondria - Plastids 





Volume 2 Number 1 (July) 1980 
In contrast, CG has successfully hived 
off a particular area from its parent 
journal, Molecular and General Genetics. 
It deals with eukaryotic genetics and 
emphasizes yeasts, the filamentous fungi, 
mitochondria and chloroplasts. Preference 
is given to papers with a molecular bias; 
they should also merit urgent publication. 
It takes c. six months for a paper to appear 
in CG, which is about average for a bi- 
monthly journal and hardly qualifies as 
“urgent”. Three-quarters of the editorial 
board of the journal work on yeasts and at 
least half the papers deal with Saccharo- 
myces genetics. Yeast genetics is develop- 
ing rapidly at present and many funda- 
mental advances are being made with this 
organism. This makes CG.a journal which 
is truly ‘‘current’’ and of high quality. In 
the long term it remains to be seen whether 
it can change its focus, and survive, if 
interest in yeast should wane. For the 
moment, however, it is riding high. 





Stephen Oliver is in the Applied Molecular 
Biology Group at the University of Manchester 
Institute of Science and Technology. 
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An International Journal 
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CHEMISTRY: 


An International Journal 

Editor: Igor B. Thatchenko, Centre National de 
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France 

This new bimonthly will provide rapid 


production of C, molecules via improved or 
new routes; the activation of C, molecules via 
physical, chemical and/or biochemical means 
and the chemical applications of C, molecules 
to the synthesis of products of potential 
practical interest. C, molecules are comprised 
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ENVIRONMENTAL AND 
NATURAL RESOURCES 
SECTION 
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Published for the Commission of the European 
Communi 
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are 
and issues are of varied length, with 
supplements issued as required. 

Autumn 1981 pub. irregularty $89.50 


An International Journal 

Editors: Maurice Levy, Universite de Paris, and 
James R. Pfafflin, New Jersey Institute of 
Technology 

How can society best manage Its natural 
resources — whether they be water, coal, 
solar energy, or petroleum substitutes? Such 
are the questions addressed systematically in 


national and International regulation are 
explored by an international group of experts. 
eae ume: Vol. 1/No. 2 4 issues per 
vol. $70 


SOVIET JOURNAL OF 
REMOTE SENSING 

(A cover-to-cover translation of ISSLEDOVANIE 
ZEML] IZ KOSMOSA) 

Editor: Alexander V. Sisorenko, Academy of 
Sciences In the USSR 

The use of space technology to explore the 
earth's natural resources Ís the inspiration for 
this new translated into English from 
the Recent Soviet work bears on 
flelds as widely separated as meteorology, 
agriculture, engineering, electronics, and 
computer technology. Each volume comprises 
about 400 pages. Issues are of varying sizes 
and will be published 

Just published: Vol.1 $350 


INTERNATIONAL 
JOURNAL OF SOLAK 
ENERGY 


Editor: W. Palz, Commission of the European 
Communities, Brussels 

This new periodical wiil focus on 
experimental, theoretical and applied results 
in the science and of solar energy. 
Contents will cover all aspects of solar energy 
such as photovoltaic power, biomass, solar 
heating; its uses in desalination and numerous 
conversion processes. Single topic issues are 


also planned, 
Early 1982 4 issues per vol. $62.50 
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Journal of Social and Biological Structures 


Editors 
Harvey Wheeler, James F. Danielli 


Editorial Board 

M.A. Avbib, P.J. Bohannan, M. Daly, 

i. Eibl-Eibesfeldt, H.J. Eynsenck, L.R. Hiatt, 
Y. Hozioka, H, Pattee, C. Perelman, 

C.A. Renfrew, N. Rotenstreich, A. Sibatani, 
A. Somit, F. Sommers, G. Tullock, 

J. Wahlke 


Publication: Quarterly 

Subscription: Volume 5, 1982 

£40.00 (UK) $105.00 (overseas) 

(Personal rates available on application to the 
publisher) 


This. journal is concerned with the relationship between biological and social 
phenomena on the theoretical, rather than analogous level. This shared concern 
is distinguished from the ancient biological analogies used to describe the organic 
parts of the “body politic’, as well as from nineteenth century social Darwinism, 
individualist and collectivist theories, and from the later organismic philosophies 
with their allied ideologies of left and right. Today, diverse areas of biological and 
social theory are discovering common conceptual ground and there is an 
intensification of the search for general principles applicable to the entire 
spectrum of dynamic organizations, ranging from cells to systems. This journal 
enhances this developing dialogue on the levels of rhetoric and fundamental 
synthesis. It plays a unifying role in providing a common means of publication 
for those in widely differing disciplines who, directly or indirectly, are contributing 
to the structural aspects of the phenomena exhibited in social systems. 


Journal of Arid Environments 


Editor Deputy Editor 
J.L. Cloudsley-Thompson A. Goudie 


Associate Editor 
Anne Cloudsley 


Editorial Board 

F.T. Abushama, G.L. Bender, R.O. Cooke, 
C.S. Crawford, E.B. Edney, M. Kassas, 

R.F. Logan, J.A. Mabbutt, W.V. Macfarlane, 
G.M.O. Maloiy, Salah M. Omer, P. Paylore, 
A. Pettet, |. Prakash, P. Richards, 

J. Schechter, C.G. Smith, M.R. Warburg, 

A. Warren, J.S. Weiner 


Publication: Quarterly 
Subscription: Volume 5, 1982 
£34.00 (UK) $89.50 (overseas) 


This important journal provides a forum for original scientific and technical 
research work and reviews concerned with the problems of desert environments. 
it contains book reviews, technical notes and short communications thereby 
maintaining a broad view of the subject. The major problems facing the inhabitants 
of the world’s deserts are socio-economic rather than scientific and result from 
increasing population, overgrazing by domestic animals, drought, salinization 
and soil erosion. Although science may suggest strategies for development, 
administrators often have little access to the knowledge available. By presenting 
both accepted and controversial ideas, this journal provides administrators with 
guidance and firmly established scientific facts on which to base their decisions. 
Such an interdisciplinary approach is of immense value to administrators and 
government officials working in arid lands throughout the world. It is also 
essential reading as an important means of communication for research workers 
in meteorology, geography, biology, ecology, agricultural science and husbandry 
concerned with research on arid environments. 


Cretaceous Research 


An International Journal 
Editors-in-Chief 
Erle G. Kauffman and Richard A. Reyment 


Associate Editors 
P. Bengtson, P.-Y. Berthou, T. Birkelund, 
J.M. Hancock, W.J. Kennedy, T. Matsumoto, 


D.P. Naidin, V. Scheibnerova, 5.0. Schlanger, 


J. Thiede, H.R. Thierstein, D.A. Valenci 


Publication: Quarterly 
Subscription: Volume 3, 1982 
£40.00 (UK) $105.00 (overseas) 


This journal publishes high-quality contributions from such varied disciplines 
as palaeontology, stratigraphy, geophysics, oceanography, deep-sea research, 
petroleum geology, geochemistry, sedimentology and plate tectonics. Method- 
ological papers having application to the study of Cretaceous rocks and papers 
on regional geology are frequently included. Cretaceous Research will be of 
interest and value to petroleum companies, libraries, individual researchers, and 
students of the Cretaceous period. 

From recent issues 

V. Scheibnerova: Palaeogeographical Implications of Cretaceous Benthic 
Foraminifera Recovered by the Deep Sea Drilling Project in the Western South 
Atlantic Ocean. W.J. Kennedy and P. Juignet: Upper Cenomanian Ammonites 
from the Environs of Saumur, and the Provenance of the Types of Ammonites 
vibrayeanus and Ammonites geslinianus. J. Doubinger and J.R. Mas: Une 
Microflore du Barrémien dans la Province de Valencia, Espagne. J.-C. Rage: Les 
Continents Péri-atlantiques au Crétacé Supérieur: Migrations des Faunes 
Continentales et Problemes Paléogéographiques. 
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Biochemistry International 


A Rapid Communication Journal 





Editor-in-Chief Continuing its tradition of producing world standard journals, Academic 
A.W. Linnane Press is proud to announce the publication of Biochemistry international 
for the International Union of Biochemistry. This journal has been designed to 
Editorial Board fulfil the requirement of rapid communication between the scientific communities - 
G. Bernardi, J. Carbon, M.J. Crumpton, of the forty nations represented by the International Union of Biochemistry. The 
H.M. Goodman, Y. Hatefi, O. Hayaishi, aim of Biochemistry International is to keep all scientists completely informed 
N. Hilschmann, U.Z. Littauer, R. Monier, about recent research in the whole field of biochemistry. To achieve this akti- 
LH. Pastan, W.J. Peacock, R.N. Perham, Biochemistry Internationa! will publish papers printed directly from the manuscript. 
S.E. Severin, F.R. Whatley, W.J. Whelan, supplied. Complete papers reporting new and significant oaar aa in the field 
H.-G. Wittmann, K. Yagi and selected, topical mini-reviews will be published. Rapid publication will be a 
major objective and the editorial board will aim to publish papers within sito eight 
Publication: Monthly weeks of receipt. The journal will be printed by high quality photo-offset, which 
Subscription: Volume 3, 1982 will ensure the reproduction of fine detail. 
£96.00 (UK) $190.00 (overseas) 


Journal of Applied Biochemistry 


Editor-in-Chief Journal of Applied Biochemistry will publish the results of research m all areas in 
P.N. Campbell all areas of applied biochemistry, particularly enzymoogy, biotechnology, and 

biomaterials research, including the development of new biotechnology, the 
Honorary Editors improvement of existing biochemical processes, and the utilization, conversion 
E. Katchaiski-Katzir, J. Lederberg and or application of biomaterials. Journal of Applied Biochemistry will stress 
A.R. Todd biochemical processes relating to: clinical chemistry, nutrition and food research; 

the food and beverage industry; the pharmaceutical industry; agriculture; 
Publication: Bimonthly medicine, including the biochemical basis of disease and new approaches to 
Subscription: Volume 3, 1981 therapy; energy production; fermentation technology and microbial processes; 
£28.00 (UK) $50.00. (overseas) enzyme technology. 


New biochemical methodology will be covered together with new applications of 
established methodology, for example: improved procedures for isolating 
enzymes and other naturally occurring substrates with practical applications; new 
techniques for manipulation of the genetics and biochemical properties and 
capabilities of microorganisms; new and improved procedures for the 
identification, measurement and structural analysis of biological substances. 


Advances in Applied Mathematics 


Editor Applied mathematics is now the fastest growing and most diversified branch of 
Gian-Carlo Rota science. To the core subjects, such as continuum mechanics, mathematical 
physics and statistics, new fields are now being added, such as mathematical 
Administrative Editor biology, mathematical economics, communication theory, computer science, 
Nevin B. Scrimshaw etc., as well as the diverse subjects that scientists are now called upon to develop 
in the wake of the complex problems of our age. 
Publication: Quarterly The new journal Advances in Applied Mathematics pub ishes original, expository, 
Subscription: Volume 4, 1982 and often definitive papers at the highest scientific standards in all of applied 
£45.30 (UK) $77.00 (overseas) mathematics. The papers published are intended to be ready by the widest 
(Personal rates available on application to the scientific and technological public, including the users ef science. It is hoped that 
publishers) a publication bringing together all fields of applied mathematics will | further 


interdisciplinary dialogue. 

The style and thoroughness of exposition required of the authors will make 
Advances in Applied Mathematics a desirable addition to individual as well as 
institutional libraries. 
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Practical and contemporary perspectives 
on school organization 

Quarterly 


Transport journals 


Maritime Policy and Management 
Research into ship and port operation 
Quarterly 


Transport Reviews 

An international, interdisciplinary 
approach to transport 

Quarterly 


Further information, subscription details and sample copies are available on request. 
Taylor & Francis have an active book publishing programme, run in conjunction with their journals; a 
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complete catalogue is available. 
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Cancer Proliferation 
E. Boyland 


Cancer Chemotherapy and Pharma- 
cology. Editors S.K. Carter et al. 3/yr. 
(Springer-Verlag.) DM178. Cancer 
Genetics and Cytogenetics. Editor-in-chief 
A.A. Sandberg. 8/yr in 2 vols. (Elsevier/ 
North-Holland Biomedical.) $202. 
Carcinogenesis. Executive editors A. 
Dipple and R.C. Garner. 12/yr. (IRL 
Press, London.) £90. Environmental 
Mutagenesis. Editor-in-chief S. Abraham- 
son. 6/yr. (Alan R. Liss.) $90 US, $106.50 
Europe. Oncodevelopmental Biology and 
Medicine. Editors-in-chief W.H. Fishman 
and H. Hirai. 6/yr. (Elsevier/North- 
Holland Biomedical.) Dfl. 202. 


THOSE working in cancer research are in 
danger of being overwhelmed with 
published material. There are dozens of 
specialized cancer journals, as well as 
reports of congresses and symposia, 
reviews and monographs. And more 
general publications, such as Nature, 
Science and The Lancet, remain com- 
pulsory reading for those in the field. 

Historically, publications on cancer first 
appeared in the journals of pathology, 
notably in Archiv fiir Pathologische 
Anatomie (Virchows Archiv), which 
started in 1847, and the Journal of 
Pathology and Bacteriology, first 
published in 1892. The first specifically 
cancer journal appears to have been Revue 
des Maladies Cancereuses, which was pub- 
lished from 1895 until 1901. Zeitschrift für 
Krebsforschung which was started in 1904 
recently changed its name to the Journal of 
Cancer Research and Clinical Oncology. 
The Journal of Cancer Research started in 1916, 
became the American Journal of Cancer in 
1931 and Cancer Research in 1941. Since 
then, so many journals dealing with cancer 
and genetics have appeared that it is 
difficult for investigators to be aware of 
progress. Keeping abreast is easier if the 
titles of the papers in journals are listed 
either in Current Contents or in Index 
Medicus. 

During the past two years, at least five 
new journals have appeared. Cancer 
Chemotherapy and Pharmacology carries 
reviews and original papers dealing with 
both experimental and clinical chemo- 
therapy of cancer. Contributions appear in 
this journal from laboratories all over the 
world and, importantly, it is indexed in 
Current Contents. Many of the agents used in 
cancer therapy are carcinogenic, so that the 
journal is also of interest to scientists working 
on the causes of cancer. 

Cancer Genetics and Cytogenetics 
covers ‘‘various areas of genetics and 
cytogenetics (e.g. human, animal, mole- 
cular, population, biochemical) as they 
relate to the broad fields of cancer, in order 
to reach as multidisciplinary an audience as 
possible”. The journal attempts to cover 
the gap between research into phenomena 


in animals and human beings, and thus has 
an essential role to play. 

Carcinogenesis is a well-produced, large- 
format journal. It accepts full papers and 
short communications ‘‘in the areas of car- 
cinogenesis; mutagenesis; factors 
modifying these processes such as DNA 
repair; genetics and nutrition; metabolism 
of carcinogens; the mechanism of action of 
carcinogens and promoting agents; 
epidemiological studies; and the 
formation, detection, identification and 
quantification of environmental 
carcinogens’’. Most of the contributions 
are from leaders in the field, many of 
whom are biochemists. 


Cancer Genetics and Cy 1ogenetics 





The two remaining journals both have 
the support of professional bodies. 
Environmental Mutagenesis (EM), the 
official organ of the Environmental 
Mutagen Society, is geographically limited 
compared with the other periodicals — 
whereas the rest have international 
editorial boards, that of EM is drawn solely 
from North America. Nonetheless the 
strength of research done in the USA in this 
area is probably enough to support the 
journal, which appears to be doing well: 
frequency of publication has increased 
from four to six issues per year. The 
journal publishes original papers, brief 
communications and reports of meetings. 

Oncodevelopmental Biology and 
Medicine is the journal of the international 
society of the same name. The journal is 
concerned with new proteins, such as the 
carcino-embryonic antigens (CEA) which 
are associated with cancer. Certainly, there 
should be no shortage of papers for this 
journal — immunology is a subject which is 
particularly actively pursued at the 
moment, and might even be termed the 
current band-wagon. 

All of these five journals are publishing 
interesting, new, original work and are well 
produced. They are all specialized and will 
probably be read only by workers in the 
fields which each journal covers. Thus they 
are unlikely to attract subscriptions from 
general libraries. 

Some publishers of scientific journals 
charge authors for editors to look at new 
Papers or to publish them, but it appears 
that none of these asks for payment. (One 
is reminded of Samuel Johnson’s saying 
“no man but a blockhead ever wrote except 
for money.’’) But will libraries and labor- 
atories be able to afford them? Many 
specialist libraries are now so short of 
money and of space to house the flood of 
published material that the answer may be 
disappointing. In the circumstances, one 
must admire the enterprise of the editors 
and publishers involved and wish them 


well. B 
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E. Boyland is an Emeritus Professor of 
Biochemistry at the London School of Hygiene 
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Pharmacology Issues 


Hilary G. Pickles 
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Editors-in-chief J. Koch-Weser and L.I 
Goldberg. 6/yr (Raven.} $63 US, $75 
elsewhere (personal); $88 US, $96 else- 
where (institutienal). Journal of Ethno- 
pharmacology. Editors L. Rivier and 
J.G. Bruhn. 6yr. in 2 vols. (Elsevier 
Sequoia.) SwFr. 330. Neuratoxicology. 
Editor Joan Cranmer. 4/yr. (Pathotox, 
Park Forest South, INinois.}) $29 
(personal); $60 ¢institutional). Journal of 
Pharmacological Methods. Editors-in- — 
chief P.S.J. Spencer and J.H: McNeill, - 
8/yr in 2 vols. (Elsevier/North-Holland 
Biomedical.) $168. Methods and Findings 
in Experimental and Clinical 
Pharmacology. =ditor J.R, Prous. 6/yr. 
(J.R. Prous, Bascelona.) $100. Reviews in 
Pure & Applied Pharmacological Sciences, 
Editor-in-chief TA. Segal. 4/yr. (Freund, 


OF THE six new journals covered here, 

Raven’s Jouraal of Cardiovascular 
Pharmacology (ICP) appears to provide 

the best value for both subscribers and con- 
tributors. At $8€ a year (1981 prices} for an 
institutional subscription in the UK, there 
are Six issues annually, currently 
containing over 20 papers and 250 pages 

each, as well as eccasional supplements of 
symposium proceedings. For contributors, 

JCP offers relatively quick publication 

(delays of between four and seven months) 

and appearance na journal which already 

has a ‘‘name’’. Additionally, there are no 

page charges. 

JCP aims to bring together material 
from laboratory, workers and clinicians, 
and at present just under a third are 
research reports on human and clinical 
studies, with the emainder split between in 
vivo and in vitre animal work, Despite its 
slightly ambigucus title, ICP is a journal 
for pharmacolegists:; even the clinical 
material would appeal more to clinical 
pharmacologists than to cardiologists. The 
papers themselwes are very varied in 
standard, but the journal can hardly be 
accused of par@chialism in that contri- 
butions from throughout the world are 
published. Dowotless this is due to the 
influence of an enormous editorial board 
— over one hundred members from 19 
countries. 

Interestingly, only a small proportion of 
the papers in the -egular issues come froma 
commercial address, which in this case at 
least gives no support to the prejudice that 
the proliferation in pharmacological 
journals is encouraged by a publicity- 
conscious pharmaceutical industry. 

In contrast to the broad scope of ICP, 
the Journal of E-hnopharmacology (JE) is 
laying claim to what I imagine to be a very 
small niche indeed. It is concerned with 

the observa ion, description and 

experimental investigation of the biological 
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activities and the active substances of plants 
and animals used in the traditional medicines 
of past and present cultures. 


JE carries original research reports, book 
reviews and letters, but even for the last 
publication takes over a year. The journal 
is probably of more interest to anthro- 
pologists, botanists and pharmacognosists 
than to pharmacologists. 

Another interdisciplinary journal, 
though rather less esoteric in its aims than 
JE, is Neurotoxicology which publishes 
papers on the effects of toxic substances on 
the nervous sytem. In spite of the inter- 
national spread of the advisory and 





V EUROTOXICOLOGY © 


editorial boards, this is very much a US- 
orientated journal — over two-thirds of the 
papers originate in the USA. As well as 
original research reports (with seven to 
eleven months publication delay), it 
includes short communications, review 
articles, a feature section on leading neuro- 
toxicologists and occasional special issues 
of symposium proceedings. The quality of 
both papers and presentation is high, with 
particularly impressive reproduction of 
photomicrographs. However, authors are 
faced with a $25 page charge; this enables 
the subscription price to be kept down, but 
equally it will probably deter the more 
impoverished European authors from sub- 
mitting papers. 

Methods’ journals, although undoub- 
tedly worthy, are rarely exciting and the 
Journal of Pharmacological Methods is no 
exception. It carries original research 
papers with occasional short reviews, and 
the eight slim issues a year contain mostly 
second-rate papers of methods in animal 
pharmacology and toxicology. About a 
fifth of the contributions come from 
industry, half from North America, and 
they take five to twelve months to appear. 
There is some conspicuously poor editing 
and the illustrations (which are not 
redrawn) are often an inappropriate size. 

if a succinct abbreviation is any clue to 
the viability of a new science periodical, 
Methods and Findings in Experimentaland 
Clinical Pharmacology (Meth Find Expt! 
Clin Pharmacol) starts with a severe 
handicap. It has a strong European bias, 
and is both edited and published by one 
person, J.R. Prous. He confesses to the 
true nature of his editorial board, and the 
“contributing editors” provide over two- 
thirds of the papers. Many are short 
reviews, and are of a surprisingly high 
standard in view of the unprofessional 
appearance of the journal. An enormous 
subject range is covered in the three to 
seven papers in each issue. Most relate to 
animal experiments, but there is also a fair 
number of contributions on clinical or 
microbiological topics. 

Rather generously, Reviews in Pure and 
Applied Pharmacological Sciences offers 


its authors “‘complete discretion as to the 
choice of topic, material selection and 
personal interpretation of the research 
being reviewed and/or expanded upon’’, 
although it is also claimed that the papers 
are subject to review. Human and animal 
pharmacology, pharmaceutics and 
medicinal chemistry are within its brief, 
and in its attempt to “‘encourage an inter- 
national cross-association of ideas between 
industry and academia” it has a higher 
proportion of authors in industry than do 
the other journals reviewed. The editor-in- 
chief is M. Segal, from Jerusalem, which 
explains the apparent emphasis on psycho- 
active drugs. The reviews, which are mostly 
commissioned, are long, sometimes 
occupying an entire issue; in view of this it 
would seem more sensible to buy single 
issues of interest, rather than take out a 
regular subscription. 

Only one of these new journals, JCP, 
has already made a sufficient mark to be 
regarded as being established and certain of 
survival. The subdiscipline it covers is 
large, and it is becoming indispensable to 





clinical as well as non-clinical departments 
of pharmacology. The other interdis- 
ciplinary journals, Neurotoxicology and 
JE, are unlikely to achieve the same com- 
mercial success, and indeed some might 
doubt whether ethnopharmacology exists 
aS a separate entity at all. Yet, like JCP, 
these two should attract individual as well 
as the vital institutional subscribers. The 
remaining journals carry material from 
such wide fields that a regular subscription 
would have limited value for most univer- 
sity and industrial departments. = 


Hilary G. Pickles is in the Department of 
Clinical Pharmacology at St Bartholomew’s 
Hospital, London, and is an Honorary Lecturer 
at the School of Pharmacy, London. 


Keeping Abreast of Immunology 


F.S. Rosen 


Springer Seminars in Immunopathology. 
Editors P.A. Miescher and H.G. Muller- 
Eberhard. 4/yr. (Springer- Verlag.) DM86. 
Human Immunology. Editor D.B. Amos. 
8/yr in 2 vols. (Elsevier/North-Holland 
Biomedical.) $188. Thymus. Editor J.-L. 
Touraine. 6/yr. (Elsevier/North-Holland 
Biomedical.) Dfi. 202. Immunology 
Letters, Managing editor A. Bussard. 
12/yr in 2 vols. (Elsevier/North-Holland 
Biomedical.) Dfl.426. International 
Journal of Immunopharmacology. Editor 
P.W. Mullen. 4/yr. (Pergamon.) $80. 
Immunopharmacology. Editor J.R. 
Battisto. 4/yr. (Elsevier/North-Holland 
Biomedical.) $96. Journal of Immuno- 
pharmacology. Editor A.M. Reynard. 
4/yr. (Dekker.) $65.50. Journal of Re- 
productive Immunology. Editor W.D. 
Billington. 6/yr. (Elsevier/North- 
Holland Biomedical.) Dfl.202. 








IMMUNOLOGISTS are being treated with a 
surfeit of literature. Not only are new 
journals appearing, but established ones 
are expanding; for example, in the decade 
from 1970 to 1980 the Journal of 
Immunology has grown from 1,600 pages 
to 2,800 pages in a larger format, thus 
easily doubling its content. It is difficult to 
keep up with this deluge of experimental 
data, so review articles are especially 
welcome to ease the burden of staying 
abreast with the numerous advances made 
in this field. 

Springer Seminars in Immunopathology 
(SSI) was launched to fill this role. The 


series editors select a guest editor for a 
single number or a series of articles spread 
over two numbers, a system which appears 
to work well. The quality of the review 
articles has been very good overall, but 
the reviews do not contain extensive 
bibliographies. For $50 (1981 price), the 
subscriber receives 500 pages of text in a 
readable format with good illustrations 
and photomicrographs. Although the 
earlier issues were devoted to basic subjects 
in immunology such as immunogenetics, 
cell cooperation and immunostimulation, 
the more recent issues have more closely 
fulfilled the stated aim of updating 
clinicians and pathologists in organ- 
specific immunopathology. Thus Irma 
Gigli has organized two very good issues on 
dermatology, H. C. Thomas two on liver 
disease, and currently H. G. Kunkel twoon 
rheumatoid disease. Component review 
articles are contained in five to ten text 
pages and tend to be pithy and informative. 
SSI appears to fill an important void in the 
area of good, short review articles on 
immunological subjects with clinical 
relevance, and this augurs well for its 
continued success. 

Journals have been proliferating most 
particularly in specialized areas of 
immunology. Human Immunology (HD 
has as its stated purpose the publication of 
articles on subjects concerned with the 
major histocompatibility complex (MHC) 
of man. Included are contributions on 
regulation of immune responsiveness, 
linkage disequilibria, and disease 
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associations and technical advances in 
histocompatibility typing. Although it is 
the official journal of the American 
Association of Clinical Histocompatibility 
Testing, the editorial board is large, 
distinguished and international, 
representing 14 countries. The first two 
volumes contained approximately 350 text 
pages each in a single-column, convenient 
format; the journal’s cover, though, is 
most unattractive, with some feeble 
attempt at a Jackson Pollack inspired 
design. 

HI contains original articles of high 
quality and it would appear to be indis- 
pensable to the growing coterie of human 
immunogeneticists concerned with HLA, 
complement genes and HLA-linked 
diseases. 

Another new entry from Elsevier, 
Thymus, inspires less confidence in its 
future survival unless its subject matter 
puts down firmer roots. The editorial 
board is large enough to stage the 
Triumphal Scene from Aida, but such an 
army does not necessarily ensure that the 
contents of a journal will be inspired. 
Thymus started off well with two excellent 
review articles on the historical aspects of 
thymus research, but it is not quite clear 
what the “‘general field of thymology’’ is. 
The uneven standard of contributions to 
this journal confirms my confusion. There 
is no reason why the submissions could not 
have been acceptable to any journal of 
cellular immunology. 

A rapidly expanding area of research is 
sometimes well served by a vehicle for rapid 
publication. Such is the aim of Im- 
munology Letters (IL), which is dedicated 
to the rapid publication of short reports. 
The reports are indeed short (under five 
pages, double column) and well refereed, 
but speed of publication is another matter 
as it has taken five to nine months for the 
submissions to see the light of print. The 
journal could perform a valuable service 
and fill a present void in the immunological 
literature if the delay between submission 
and publication could be drastically 
shortened. So far the contributions cover a 
wide range of topics in basic immunclogy 
and come from all over the globe. IL 
clearly belongs in all medical libraries. 

Three new journals have been spawned 
in immunopharmacology, which should 
exceed even the most optimistic ex- 
pectations of its practitioners. The 
International Journal of Immunopharma- 

cology (IJI) contains, in addition to regular 
articles and short communications, book 
reviews and the abstracts of the First 
International Conference on Immuno- 
pharmacology of 1980 (presumably there 
will be more). Elsevier has also entered this 
crowded field with Jmmunopharma- 
cology. So far this journal has published 
only original articles, most of them on 
basic cellular immunology and with a 
tenuous connection to pharmacology, 
proprement dit. Finally there is the Journal 
of Immunopharmacology (JI), a camera- 


ready production. Although lacking gloss 
and slickness, JI is nevertheless highly 
readable and its original articles resemble 
the content of IJI rather than that of 
Immunopharmacology, in that they deal 
with the effects of drugs on the immune 
system. : 













Each of these immunopharmacology 
journals has an editorial board of more 
than 40 members and curiously there is 
almost no overlap in their memberships. It 
is hard to pick and choose amongst the 
three entries into this field as they are all 
quite different in style and content, and 
none very expensive for what they contain. 


Looking for Giants in 


Michael Rose 


Clinical and Laboratory Haematology. 
Editor J.M. England. 4/yr. (Blackwell 
Scientific.) £50 UK, $137.50 US, £60 
elsewhere. Analytical and Quantitative 
Cytology. Editor-in-chief G.L. Wied. 
4/yr. (Science Printers and Publishers.) 
$37 US, $47 elsewhere (personal); $52 US, 
$62 elsewhere (institutional). Diagnostic 
Histopathology. Editor A.M. Neville. 
4/yr. (Wiley.) £56.25 UK, $131.25 US 
(personal); £75 UK, $175 US 
(institutional). International Journal of 
Tissue Reactions. Editor A. Bertelli. 4/yr. 
(Bioscience Ediprint, Geneva.) $120. 
Journal of Environmental Pathology and 
Toxicology. 6/yr. (Pathotox, Park Forest 
South, Ilinois.) $45 US, $49 elsewhere 
(personal); $88 US, $92 elsewhere 
(institutional). Comparative immunology, 
Microbiology and Infectious Diseases. 
Editor-in-chief C. Pilet. 4/yr. (Pergamon.) 
$95. Journal of Immunoassay. Editor 
W.H.C. Walker. 2/yr. (Dekker.) $35. 
Journal of Inherited Metabolic Disease. 
Editors R.A. Harkness and R.J. Pollitt. 


A NEW periodical carries the promise of 
fresh ideas; it also embodies the conviction 
that there is profit to be made, financially, 
intellectually or occasionally both. The full 
calculations on which a journal is launched 
are not revealed to us — it suddenly exists, 
as if in full flower, with its initial content 
often unqualified by editorial introduction 
and its aims undefined. Of the eight 
periodicals reviewed here, four have been 
issued with their intent revealed only by 
their contents and titles. 

Haematology, haemopoiesis and the 
blood are already well represented in the 
periodical literature, so any new journal 
entering this field will be compared with 
Blood and the British Journal of 
Haematology which set a superlative 
standard. Clinical and Laboratory 





The Journal of Reproductive Immuno- 
logy (JRI) has a limited scope in itso 
devotion to the reproductive tract, mostly < 
of animal systems. This journal is now the © 
official organ of the International Society 
for Immunology of Reproduction, and. 
must be indispensable for those interested 
in the fetal-maternal relationship. The 
quality of the original articles is very goad, 
and the journal also contains book reviews 
and newsworthy announcements about 
reproductive immunology. JRI may well 
set a standard for others dealing with . 
specific organ studies that use. 
immunological techniques. C] 
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F.S. Rosen is Professor of Pediatrics at Harvard 
University, 


the Library 


Haematology (CLH) is not in the top 
flight. Though it is somewhat pedestrian, it 
well represents the current preoccupations 
of workaday haematology such as quality 
control and the diagnostic application of 
technical methods generated by research. 
It also provides a valuable outlet for 
clinical case reports. Articles are published 
within three to six months of acceptance. 
New instruments are evaluated; the book 
reviews are generally thorough and 
recently the journal has developed a lively 
correspondence column, 

Will it in due course compete for 
attention with its more formidable 
competitors? Will there be citations to its 
contents? Certainly many members of the 
editorial board display the commitment 
of contributing at length and their 
imprimatur carries considerable authority. 
CLH, however, has thus far not been the 
forum for original observation. H does not 
generate the excitement of a cutting edge: it 
is more a rear-guard, a forum for 
consolidation of existing practice. 

The instruments of quantitative and 
analytical cytology are now inextricably 
bound up in the routine practices of 
haematology and many other biomedical 
tasks, In the inaugural review of Analytical 
and Quantitative Cytology (AQC) it is 
made clear that this journal is intended to 
document the development of relhable 
diagnostic methods for clinical 
application, especially the use of image 
analysers which can calibrate cells on 
multiple co-ordinates. The lodestone of the 
journal, then, is the recognition of patterns 
of cytomorphological drift from which 
predictions of malignant organic 
behaviour can be drawn. The journal is 
beautifully presented, with particularly 
helpful figures, and articles are published 
within six months to one year of acceptance. 

It may be, though, that the case which is 
made in AQC for the methods, instruments 
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and their general application is more 
strident than the body of evidence merits. 
After the ingenious studies on liver tissue, 
urothelial cells and leucocytes are set aside, 
the dominating task and preoccupation of 
the journal is cytology of the uterine cervix. 
The image analysers can handle vast 
numbers of samples in ‘‘pre-screening’’ 
programmes. Almost as if to feed the 
instruments, the International Academy of 
Cytology rejects a recent recommendation 
from the American Cancer Society to 


depart from the annual screening of ‘‘low-. 


risk’? women, with the proclamation that 
annual screening is ‘‘an integral part of the 
general diagnostic workup and of good 
patient care. . .”’. This conflict is not over 
evidence but about attitudes. Even when 
the instruments have reached near perfect 
resolution, the relationship between low- 
grade atypia and malignancy will remain 
unresolved. Until that question receives 
proper attention, the rhetoric in this 
journal has the appearance of bald 
propaganda. 






Histopathology remains indispensable in 
the recognition of malignancy and an 
anchorage in the scientific foundations of 
medicine. Diagnostic Histopathology 
(DH), from its outset as Investigative and 
Cell Pathology, has contained material of 
remarkable interest and variety. The 
annual subscription price, however, has 
risen from £28 per volume to £65, which 
suggests that a decision for achange of title 
may have been made under some duress. 
This new version is well produced in large 
format. Many of the articles are lengthy 
and are generally published within nine 
months of receipt. The journal also 
contains brief book reviews and occasional 
correspondence items. 

The change of title notwithstanding, the 
intention of DH to gather from many 
refined scientific sources to refurbish a 
traditionally subdued subject remains 
unmodified, despite the contention that 
the journal is intended for diagnostic 
pathologists — Vol. 4, No. 2, for instance, 
is almost entirely comprised of 
experimental reports. Perhaps (if I may 
venture the suggestion) as Investigative 
Histopathology it might attract the 
attention it merits amongst cell biologists, 
embryologists, biochemists, clinicians and 
maybe even histopathologists. As a subject 
of broad relevance, histopathology is far 
from dead and buried. 

The International Journal of Tissue 
Reactions (LJTR) has developed tentatively 
from New Vistas on Inflammatory 
Reaction and Anti-inflammatory Agents, 
which comprised selected papers from an 
international symposium held in 


Taormina, Italy, in 1978. The journal 
carries no editorials, correspondence or 
book reviews. Though inflammation, 
injury and tissue reaction are fundamental 
processes, it is difficult to identify articles 
of general importance amongst the 
contents. Indeed, if such articles are 
present, they are cloistered amongst some 
dreadfully lack-lustre studies and the 
journal contains some of the worst 
illustrations I have seen. The studies have 
been carried out and the details 
documented roughly according to the 
conventions of scientific research and 
publication. Nonetheless it is difficult to 
imagine what has been turned down or who 
will read IJTR, apart from its contributors 
who may, in spite of my views, find it useful 
— though I doubt it. 

The first issue of the Journal of 
Environmental Pathology and Toxicology 
(JEPT) had no introduction and little to do 
with environmental matters. However by 
the third issue of Vol. 3, the journal 
becomes compelling; independent-minded 
scientists have grasped the baton from 
Rachel Carson and are running with it. 

JEPT is a journal of general public 
interest and great importance. The 
contents are divided between envi- 
ronmental mutagenesis and genetic 
toxicology, immunotoxicology, nutri- 
tional toxicology, risk assessment and so 
forth. What remains to be seen 1s whether 
the studies will have any effect on 
environmental policy. For instance, a 
paper documents the carcinogenicity of 
chlordecone, a pesticide introduced in 
1958. The study was completed at the 
National Cancer Institute in 1976, but 
there 1s no reference in the paper of 
January/February 1979 to withdrawal of 
the material. In any case, between 1958 and 
1976 it may have wreaked havoc as the 
author concludes that the risk may not be 
manifest for 30-40 years. The paper was not 
cited in the scientific literature of 1980. 

There are great difficulties in translating 
toxicological findings into social policy. A 
project chairman, engaged in discussion in 
the symposium on ‘‘Drinking Water and 
Cardiovascular Disease’, remarked wryly 
on public indifference to the statistics of 
health hazard. Many of the difficulties are 
political: ‘‘Quantitative risk estimates are 
being used as a weapon to defeat regulatory 
actions that may have an inflationary 
impact. ... How does one equate corn 
production with cancer deaths?’’. How 
indeed? Corn as food or corn as 
merchandise? JEPT, then, is a periodical 
that merits attention. 

It is difficult to determine how any of the 
contributions to Comparative Im- 
munology, Micrebiology and Infectious 
Diseases (CIMID) can be deemed 
comparative, except insofar as the reader is 
free to compare them with one another. 
The journal comprises reviews and original 
articles; no correspondence, book reviews 
or editorials. It contains some articles of 
interest documenting, for instance, a 10 per 


cent incidence of human brucellosis 
amongst agricultural people of mid-west 
France. A special issue on herpesviruses 
describes the effects of infection in 
humans, non-human primates, cattle, 
sheep, pigs, birds and cats, but barely any 
comparisons are made. Given its title, 
surely this is what CIMID has as its aim? 

The Journal of Immunoassay (Jl) is a 
camera-ready, rapid-publication journal 
for papers on methods employing 
principles of ligand-binding. These 
methods are now so widely used that 
technical similarities and differences 
require documentation independently of 
the studies to which they are applied. The 
details of method are prior to comparison 
of results and JI must have been born of 
necessity; it is too austere to be a product of 
anything other than necessity. 

Perhaps the only journal in this 
collection which has a genuinely 
international editorial board is the Journal 
of Inherited Metabolic Disease (JIMD), 
the official publication of the Society for 
the Study of Inborn Errors of Metabolism. 
The journal has obviously had problems, 
not least the illness and demise of one of its 
editors. Nonetheless, once brought into 
existence on a thin diet of miscellaneous 
papers presented in Edinburgh in 1976, 
JIMD appears to have become most 
authoritative, with international 
contributions of high quality and variety. 

Some of the contributions appear to 
have general importance; for instance, a 
metabolic disorder is described due to 
specific impairment of an enzyme function 
(G6P), due in turn to a defect of 
intracellular membrane transport. A 
lesion of this nature had not previously 
been described. Another example is a study 
from Prague on the significance of 
aminoacidaemia in pregnancy which 
documented a high incidence of defective 
offspring amongst the aminoacidopathic 
subjects detected, with the consequence 
that screening for amino acids has become 
part of the national antenatal routine in 
Czechoslovakia. 

JIMD deals with both antenatal diag- 
nosis and the biomolecular basis of the 
subject. It includes refined studies on 
extremely unusual conditions, and re- 
cognizes the difficulties of disseminating 
up-to-date knowledge. To this end a 
computer-based index of metabolic 
diseases is proposed —- access to such a 
facility is now essential. 

After surveying this array of new 
periodicals I can only conclude that such a 
proliferation of output is a threat: 
paradoxically, the generation of ignorance 
by attracting too much attention to 
insignificant sources. In the search for 
information and enlightenment, the first 
task is to identify the giants, or potential 
giants, among journals and to stay with 
them. a 





Michael Rose is Consultant Haematologist at St 
James’ and St George’s Hospitals, London. 
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New Journals from 
The Institute of Physics 


Techno House, Redcliffe Way, Bristol BS1 6NX, England 


Clinical Physics 
and Physiological 
Measurement 


An official journal of the Hospital Physicists’ 
Association, Deutsche Gesellschaft ftir Medizinische 
Physik and the European Federation of 
Organisations for Medical Physics 


A quarterly journal reporting the applications 
of physics and physical measurement to 
clinical practice and investigation, and serving 
the collaborative interests of medical 
physicists, biomedical engineers and medical 
specialists concerned with making clinical 
measurements. 


Clinical Physics and Physiological Measurement 
publishes original papers, review articles and short 
communications concerned with the quantitative 
measurement of structure and function, with an 
emphasis on the development of new methods of 
measurement and the validation of their use. It 
differs from other clinical engineering journals in its 
sensible balance of scientific and clinical information, 
aiming to present scientific data in a form which is 
readlily comprehensible to all members of the clinical 
team, while providing relevant clinical data 
demonstrating the use and efficacy of new scientific 
techniques. The journal seeks to stimulate further 
collaboration in clinical investigations by encouraging 
authors to indicate the potential applications of their 
ideas. 


Honorary Editors 


M M Black (Department of Medical Physics and 
Clinical Engineering, Royal Hallamshire Hospital, 
Sheffield) 


P H Fentem (Department of Physiology and 
Pharmacology, University of Nottingham Medical 
School) 


North American Editor 


J R Cameron (Medical Physics Division, Department 
of Radiology and Human Oncology, University of 
Wisconsin, Madison) 


ISSN: 0143-0815 CODEN: CPPMD5 


1980 Volume 1 4issues £55.00 
1981 Volume 2 4issues £60.00 
1982 Volume3 4issues £65.00 


To receive your free inspection copy, just circle our 
number on the Reader Enquiry Card. 


Circle No.25 on Reader Enquiry Card. 





European Journal of 
Physics 


Published by The Institute of Physics on behalf of the 
European Physical Society 


A quarterly journal of the European Physical 
Society concerned with effective teaching and 
reflective thinking in physics. 


European Journal of Physics is a forurn for the 
exchange of ideas and practical experience between 
scholars and teachers of physics in universities and 
other institutes of higher education. lt encourages 
readers to think more deeply about various l 
fundamental aspects of physics, to appreciate topics: 
outside thier own specialisations, and to acquire or 
develop new techniques to enhance their teaching of 
the subject. This editorial objective is achieved 
through a mix of refereed contributions which are 
explicitly educational, reflective or interdisciplinary in 
nature. European Journal of Physics publishes 
articles on physics as it is taught in the lecture hall or 
laboratory, and on neglected topics in physics 
teaching; articles on the thrust and structure of 
physics courses and on the university training of 
physics teachers; and articles offering a new look at 
old physics or considering the cultural implications of 
physics. 


European Journal of Physics was established in 1980 
to satisfy the need for such a forum in the European 
physics literature, similar to that long enjoyed by 
American physicists through American Journal of 
Physics. The new European journal has quickly 
established its own identity through papers of high 
scientific and intellectual standard, and now offers an 
international medium of communication for 
physicists in Europe and elsewhere. 


Executive Editorial Board 
Editor: G W Series (Reading University, England) 


M Hulin (Université Paris VI, France) 

K Kurki-Suonio (Helsingin Yliopisto, Finland) 

R Sex] (Universität Wien, Austria) 

Sir Brian Pippard (Cavendish Laboratory, England) | 
R W H Stevens (Nottingham University, England) — 


ISSN: 0143-0807 CODEN: EJPHDR 


Volume 1 1980 4issues £26.00 
Volume 2 1981 4issues £30.00 
Volume 3 1982 4issues £35.00 


To receive your free inspection copy, just circle our 
number on the Reader Fequiry C cad, i 


Circle No.26 on a Reader ERGA Card. 











Scheduled to ap pear Spr ing This NEW journal is reviewed elsewhere in this issue. 
1982 Look forit 
A new 
international 


SYSTEMATIC 
| PARASITOLOGY | 


> > | Editor in Chief: 
scientific Dr. Sheila Willmott 


2 Winches Farm Field Station 
journal 395 Hatfield Road 
St. Albans 
Herts AL4 OXQ 
England 


PREVENTIVE |) umns 


SYSTEMATIC PARASITOLOGY was launched in 1979 in 


* Je < = “7 "E: response to the need for a specialist international journal 
) ji / dealing with the systematic, taxonomic and nomenclatural 
ly E A | aspects of parasitic organisms throughout the world. 


The study of parasitic animals, many with complicated life-cy- | 


= = N | cles involving two or more hosts, has long fascinated biologists 
| A | but the subject is of much more than academic interest. Many 
Ly J |} of the world’s most serious diseases of man, animals and plants 

=A. V - : - are caused by parasites. Mortality, long-term chronic illness, | 


morbidity and crop losses are the result. The fact that five of 
the six diseases given priority in the WHO Special Programme 
for Research and Training in Tropical Diseases are caused 
by helminths and protozoans, underlines the practical impor- 
tance of these groups. 

















Editor-in-Chief 

H. P. RIEMANN, 

School of Veterinary Medicine, 
University of California. 


Until relatively recently, identification was made mainly on 
| morphological grounds, Now, with scanning and transmission 
electron microscopy, microbiochemical techniques, isoenzyme 
determinations and numerical taxonomy, more and more inter- 
and infraspecific variations and differences are being detected. 
The importance of these differences in the aetiology of disease, 
virulence immunogenicity and response to drugs and other 
chemicals used in control is recognized as of the greatest | 
Ai significance. But in order to work successfully on all these 
VETERINA RI | important applied aspects, correct identification and naming of 
MEDICIN F the parasites is an essential pre-requisite. 








The journal publishes papers on the systematics, taxonomy and 
nomenclature of the Nematoda (including plant parasites), 
Monogenea, Digenea, Cestoda, Acanthocephala, Aspidobothria, 
Cestodaria, Arthropoda (parasitic copepods, hymenopterans, 
mites, ticks, etc.), Protozoa (parasitic groups) and parasitic | 
genera in other groups, e.g. Mollusca, Turbellaria etc. Papers on 
the application of new techniques to taxonomic work are also 
acceptable, 





In order to maintain high standards, all contributors describing 
| new taxa are asked to state clearly where the holotype is 
deposited and to make paratypes available for examination by 
the referees. It is recognized that, in some cases, this may cause 
problems for the authors, but it is hoped that by adhering to 
this rule authors may be protected against rapid synonymi- 
zation of their taxa, and the types preserved for posterity. 








All contributions should be in the English language. 

Instructions to Authors 

Manuscripts should be sent directly to the Editor in Chief Dr. 
| Sheila Willmott, Winches Farm Field Station, 395 Hatfield 
Road, St. Albans, Herts AL4 OXQ, England, or to any advisory 
editor. Correspondence concerning editorial matters should 
be directed to the Editor in Chief. 
Instructions to authors are printed in each issue and are avail- 
able from the Editor in Chief or The Editorial Office-System- 
atic Parasitology, P.O. Box 566, 2501 CN The Hague, The 
Netherlands. 


Subscription Information 

Volume 4 will be published in 1982 and will comprise 4 issues. | 
The price is Dutch Guilders 150.00 (approx. US$ 75.00) 
plus Dutch Guilders 23.00 (approx. US$ 11.50) for postage 
and handling. 

Private subscribers are entitled to a reduced subscription 
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P.O. Box 330, 
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Environmental News. 


R.W. Raiswell 


rinaras 


Minerals and the Environment. Editor 
C.G. Down. 4/yr. (Science and Tech- 
nology Letters, Kew, Surrey, UK.) £46. 
Environmental Technology Letters. 
Editors R.M. Harrison and J.N. Lester. 
12/yr. (Science and Technology Letters, 
Kew, Surrey, UK.) £63.50. Environmental 
Pollution, Series B; Chemical and 
Physical. Editor K. Mellanby. 8/yr in 2 
vols. (Applied Science, Barking, UK.) £86. 
Environment International. Editor-in- 
chief A.A. Moghissi. 12/yr in 2 vols. 
(Pergamon.) $160. 





JOURNALS, like organisms, occupy niches. 
In this respect concepts borrowed from 
ecology provide an appropriate framework 
to consider the newly introduced environ- 
mental periodicals and the related 
questions of their usefulness and viability. 
The four journals considered here have all 
been introduced since April 1979, and 
between them cover most aspects of 
environmental pollution and its 
investigation. 


ENVIRONMENTAL 





TECHNOLOGY 
LETTERS.. 


It is a feature of maturing ecosystems 
that the number of niches increases and 
their nature changes from ‘‘generalist’’ 
‘specialist’. Similarly with journals: the 
immaturity of environmental studies is 
expressed in the generalist nature of three 
of the new journals, with only Minerals and 
the Environment (ME) being unashamedly 
specialist. In part, the growth of generalist 
journals rightly results from the inter- 
disciplinary nature of environmental prob- 
lems, but further competition inevitably 
raises questions of long-term viability. A 
brief survey of Current Contents Part C 
(including the environmental sciences) 
suggests that there are already a dozen or so 
generalist environmental journals (for 
example The Science of the Total 
Environment, Environmental Science and 
Technology, Chemosphere) which deal 
with more than one of the three physical 
states of matter from viewpoints which are 
not exclusively scientific. There are in 
addition still more specialist journals. In 
fact these four new journals deserve to 
succeed, although for diverse reasons. 

ME is aimed at those who are profession- 
ally concerned with the identification, 
evaluation and amelioration of the 
environmental impact of mining. It is 
intended to cover resource issues, mineral 
economics, pollution, blasting problems, 
reclamation, subsidence, waste utilization, 
legislation, control and policy. The journal 
includes research papers, technical notes, 
reviews, conference reports and editorial. 
Certainly, it appears to fill a useful niche by 
bringing together a selection of articles 





which would otherwise appear in diverse 
journals. Given the growth and importance 
of the extractive industries and the increas- 
ing environmental constraints being placed 
upon them, it seems probable that the 
journal will be successful. The quality of 
production is high and the scope of the 
early issues appears to corespond with the 
editorial aims. 

Environmental Technology Letters 
(ETL) is rather more generalist, being 
aimed at the field of environmental tech- 
nology and covering sanitary and environ- 
mental engineering, air and water 
chemistry and pollution, solid waste 
management and industrial hygiene. The 
journal aims to offer publication within 
two months, an objective which is 
generally achieved. The quality of pro- 
duction (from camera-ready copy) is 
reasonably good and there is some 
improvement in later issues, although 
diagrams sometimes lack clarity and 
further uniformity in presentation could be 
achieved with specific instructions to 
authors in respect of form of sub-headings, 
presentation of tables and diagram 
captions. Certainly these are details, but 
ones which influence the reader’s percep- 
tion of the professional standing of a 
journal and which may ultimately be re- 
flected in the quality of the scientific contri- 
butions. Rapid publication is unfortun- 
ately not combined with low costs, but 
despite these disadvantages ETL has a 
reasonably specific niche and will have a 
useful role as long as it can continue to 
attract contributions of at least average 
quality. 

The appearance of Environmental Pol- 
lution, Series B: Chemical and Physical 
results from re-structuring the Environ- 
mental Pollution journal into a Series A, 
devoted mainly to the biological side of 
pollution, and introducing a comple- 
mentary Series B for the chemical and 
physical aspects. The Series B journal still 
emphasizes the ecological aspects of 
chemical and physical pollution, including 
pollutant distribution, measurement tech- 
niques and international, political, econo- 
mic, social, medical and managerial 
implications. Doubts about the viability of 
another generalist journal are assuaged in 
this case by the probability that the well- 
established Series A and newer Series B will 
mutually support each other. This seems to 
be confirmed to the extent that the Series B 
began with a quarterly appearance through 
1980, but now appears more frequently. The 
format is a typical one of research papers, 
review articles, short communications, 
book reviews and conference reports. 
Whilst the quality of production and scien- 
tific content are both good, the book 
reviews are too brief even to be indicative 
and the absence of submission dates on the 
manuscripts is regrettable. 
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Perhaps the most ambitious of the ne s 
journals is Eavironment Internationa 
(ED, both in the quality of production ant 
in its aim to present a forum for the d 
cussion of environmental issues 
involved parties, whether decision makers, 
scientists or ergineers, as well as by the ‘i 
entire scientific community. The journal 
offers editorial comment, research articles © 
and book reviews; some early issues are 








devoted to symposia or are thematic. Few ` 
other generalist journals have adopted — 
such an authoritative stance and EI will © 
ultimately be judged on the extent to which 
it can be reliec upon for accurate, even- 
handed treatment of a variety of complex . 
issues. At present the quality of scientific - 
contributions is high, but the editorial aim 
of involving individuals with widely - 
differing professional backgrounds would 
be notably advanced by a more regular 
appearance of review articles, com- 
missioned to cover a range of environ- | 
mental issues. 3 








R.W. Raiswell ws a Lecturer in the School of 
Environmental Sciences at the University of 
East Anglia. 


. and Views 
Lynton K. Caldwell 


Environmental Impact Assessment 
Review. Senior editor L.E. Susskind, 
editor Rebecca R. Packard. 4/yr. 
(Plenum.) $35 US, $4] elsewhere (per- 
sonal); $70 US, $79 elsewhere Cnstitu- 
tional). The Faviranmenial Professional. 
Editor-in-chief R. Rajagopal. 4/yr. 
(Pergamon.) £78.04 UK, $160 US. 








Environmentel [mpact Assessment Review 
is described by its senior editor as a 
“publication for planners, engineers, 
scientists, and administrators involved in 
the practice of impact assessment”. The 
Review was an outcome of a Rockefeller- 
assisted project at MIT which supported a 
periodical of regular issue called the EIA 
Review. To Cate, issues of this successor. 
normally contain statements of editorial 
policy and pablic commentaries, four to 
five feature articles, and short articles or 
information pieces classified under the 
heading of ‘‘departments’’ — for example, 
Generating Alternative Policies, 
Programs, ard Designs; Impacts on the 
Natural Environment; Social Impact 
Assessment Presenting Technical 
Information; and NEPA: Theory and 
Practical Application. 
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Each issue is about 100 pages in size, in 
what is called an octavo format in the 
traditional nomenclature of bookmaking. 

rticles are substantial in content and 
usually well documented; not all deal 
directly with impact analysis but the 
exceptions are relevant to the subject. 

The Review has no obvious competitors, 
although there is Social Impact Assessment 
(published by C.P, Wolf who edits a 
comparable department in the Review), 
which appears to have a very restricted 
distribution; in addition there are several 
journals concerned with technology 


ASSESSMENT 
REVIEW 


assessment. Certainly, then, the Review 
appears to meet a need, although one 
should not look to it for extended in-depth 
treatment of either conceptual or technical 
problems. But for straightforward report- 
ing of developments and for readable and 
concise discussions of some of the more 
common problems of impaci assessment, 
the Review would be useful to anyone 
engaged in the practice or supervision of 
environmental impact analysis. 

Like the Review, The Environmental 
Professional (EP) is strongly American 
orientated. It is the official journal of the 
National Association of Environmental 
Professionals (NAEP), an organization 
which was established in 1975 for persons 
whose professional responsibilities, 
directly or indirectly, include environ- 
mental management or assessment. 

The contents of the journal are divided 
between news and commentaries, articles 
and professional reports, and NAEP 
activities. Some issues have special focus, 
such as the first number of Vol. 2 which 
dealt with ‘Environmental Mediation And 
Conflicts Management’’. Contributors are 
a mix of corporate officials, academics and 
persons in the private industrial sector with 
environmental management or assessment 
responsibilities. This is reflected in the 
wide, interdisciplinary range of the articles 
(e.g. health effects of exposure to power 
frequencies; Florida’s environmental 
heritage; and priority setting in the Office 
of Technology Assessment). In general, EP 
is more policy-orientated than technical. 

Focused primarily upon a particular 
national, non-academic professional 
chentele, this journal nevertheless serves a 
broader audience than the Review. As of 
mid-1981, circulation of EP was 1,000 and 
growing; its future would seem to be 
assured, 








Lynton K. Caldwell is Arthur F. Bentley 
Professor of Political Science and Professor of 
Public and Environmental Affairs at Indiana 
University, Bloomington. 
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New Hands for the Science Industry 


Edward Shils 

Scientometrics. Editors-in-chief M.T. 
Beck et al. 6/yr. (Elsevier 
Scientific/Akadémiai Kiadó, Budapest.) 
DG 195. Fundamenta Scientiae. Executive 
editors B. Jurdant and M. Paty. 4/yr. (Per- 
gamon.) $65. Technology in Society. 
Editors G. Bugliarello and A.G. 
Schillinger. 4/yr. (Pergamon.) $90. 
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THE growth and repercussions of scientific 
knowledge have given rise to a hetero- 
geneous, derivative, intellectual activity 
which is variously called the science of 
science, social studies of science, the 
sociology of science, liberal studies in 
science, science policy studies and so on. 
More recently, this throng has been joined 
by ‘‘radical science’’ and ‘‘critical 
science’’, which are indeed very critical of 
the science of the present day. 

There are many labourers in these 
secondary activities, and their work 
appears in such journals as Minerva, Social 
Studies of Science, Science and Public 
Affairs and Research Policy, Progrès 
Scientifique and Wirtschaft und 
Wissenschaft. Thus there are already a 
number of outlets in a field which has no 
pool of excellent contributors; put simply, 
there are not enough highly qualified 
authors to supply all the journals with a 
flow of serious papers conforming with a 
high standard of observation and 
reasoning. Editors committed to certain 
publication schedules must perforce, from 
time to time, publish papers which they 
would not accept if there were a larger 
supply of better articles. 

In the past three years, three new 
journals, Scientometrics, Technology in 
Society (TS) and Fundamenta Scientiae 
(FS) have appeared. Does this mean that 
even more plants from that sickly 
undergrowth will be exhibited in the 
gardens of print, or will talents hitherto 
dormant rise from their silence? Is there a 
surplus of good work being done or about 
to be done, the authors of which were not 
attracted by the existing journals or who 
fell foul of their editors? I would guess that 
the answer to these questions is “‘no’’. The 
number of solid, thoughtful papers 
forthcoming in this field are really not 
enough to keep three additional journals 
going at a high level. And the three journals 
under review here give a very mixed answer 
to questions raised by the exiguous supply 
of talented contributors. 

Scientometrics, despite its awful name, 
is probably the most solid of the three. It 
draws its inspiration from the work of 
Professor Derek de Solla Price and is, in 
effect, an alliance between Professor Price 
and the Science Citation Index. 
Scientometrics is an ‘‘international 
journal’; one of its four editors is a Soviet 
subject, another Hungarian, the other two 
are Americans, Professor de Solla Price 


and Dr Garfield of the Science Citation 
Index. In the sample of four issues sent to 
me for review, 23 articles came from the 
United States, three from the Soviet 
Union, two from Canada and one each 
from Israel, the Netherlands and Hungary. 
Stll, its international intention is to be 
welcomed. 

Scientometrics gives every promise of 
being a journal of substance, constrained, 
perhaps even constricted, by its charter of 
quantification and its nearly overriding 
loyalty to a narrow range of sources — 
official statistics, the Science Citation 
Index and the study of the titles, authors 
and footnotes of published papers. It is 
easy to do very routine research on these 
sources and some of the articles already 
published show such signs. Professor de 
Solla Price has his task cut out; it is to be 
hoped that his past achievements will 
inspire in his authors similar standards. 

FS is also international in the 
composition of its authorship and about 
half the articles are in French. It is 
published in England, its editors are 
French, its authors are from many 
countries. (The stylistic quality of the 
translations or of the editorial work leaves 
a certain amount to be desired.) Equally, 
the range of its subjects and techniques is 
very wide. Many of the articles seem to me 
to have a too pervasive polemical intention 
— overpowering in some, in which the 
entire repertory of the clichés of radical 
science is brought into play. Oddly enough, 
the more acrimonious expressions of this 
set of prejudices are appended to reports of 
meticulously executed investigations. In 
addition to these tendentious although 
interesting articles, there are a considerable 
number of serious and well-argued 
contributions on the philosophy of science. 
Nonetheless the editors would do well to 


scienitae 


watch out for the arbitrary and ill-argued 
interpretations which some of their authors 
attach to otherwise interesting articles. 





TS is less “‘scientific’’ than Scient- 
ometrics, less philosophical, less 
prejudiced and less polemical than FS with 
whom it shares the same publisher. Its 
charter is more specific than that of FS, 
more substantive than that of Scient- 
ometrics but it publishes too many papers 
in grooves already well travelled. This 
notwithstanding, articles by Harvey 
Brooks, Allan Bromley and one double- 
issue are of exceptional merit. For this, the 
editors had the good judgement and the 
good fortune to invite William Golden, a 
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sort of éminence grise of American 
governmental science policy, to edit a 
symposium on the making of science 
policy. He invited articles from all the 
former presidential science advisors, high 
officials of what is now the Office of 
Management and Budget, and other 
persons who have been intimately con- 
nected with the making of decisions about 
the direction and scale of the support of 
scientific research in the United States. The 
outcome, now also published as a book 
(Science Advice to the President), is very 
valuable. 

If the editors can offer a bonus of this 
sort to their readers from time to time, they 
will compensate them for those articles 


which repeat the commonplaces of 
“appropriate technology’ and ‘‘science 
for development”. 

During the Second World War, there 
used to be signs in British railway stations 
asking ‘‘Is your joumey really necessary?’’. 
It really is not an urgent journey to 
unknown places on which these three 
journals have launched themselves. But 
since they have done so, I wish therm well. 
May common sense, discriminating judge- 
ment and an abhorrence of fashionable 
clichés accompany them on their way. C 


Edward Shils ts Professor of Social Thought and 
Sociology at the University of Chicago, and 
editor of Minerva. 


From the Cretaceous to the Planets 


D.H. Tarling 


Cretaceous Research, Editors-in-chief 
E.G. Kauffman and R.A. Reyment. 4/yr. 
(Academic.) £40 UK, $105 elsewhere. 
Open Earth, Editor P.J. Smith. 4/yr. (P.J. 
Smith, 32 St James Close, Hanslope, 
Milton Keynes, UK.) £6.60, $15.80 
(personal); £9.90, $23.70 (institutional). 
Journal of Structural Geology. Editor-in- 
chief P.L. Hancock. 4/yr. (Pergamon.) 
$85. The Moon and the Planets. Editors 
A.G.W. Cameron et al. 8/yr in 2 vols. 
(Reidel.) Dfi.70, $35 (personal); Df1.233, 
$116.50 (institutional). 


THE four journals covered here are indeed 
a mixed bag, both in their scope and in their 
approach to their subject matter. All 
should be successful, albeit to varying 
degrees and for different reasons. 

Cretaceous Research (CR) originated 
out of the need for publication of results 
from the IGCP Project 58 (Mid Cretaceous 
Events), and accepts contributions in both 
English and French on all aspects of the 
Cretaceous period. An abstract and key 
words appear with each article, with an 
additional English abstract for articles in 
French (why only French?). To maintain an 
international standing there are 16 editors, 
covering a wide geographical and academic 
range. Apart from standard articles, short 
communications and book reviews are 
included. There have also been useful 
features — ‘‘Bibliographia Cretacea’’, for 
example. CR carries six or seven articles in 
each issue, and the production of this 
journal is particularly good, with high- 
quality paper allowing excellent repro- 
duction of photographs of, for example, 
microfossils. i 

Most journals do not concentrate on a 
specific period, and anything in this 
journal could equally well be published in 
either specialist subject or regional 
geological journals. A probable attraction 
for authors is the ability to publish local 
research in an international journal, so 


they can reserve factors of wider import for 
publication in specialist journals. So far the 
editors have kept out very parochial 
papers, but it is unlikely that this can 
continue indefinitely. There are clear 
advantages to readers that material 
normally appearing in inaccessible 
journals is more readily available, but the 
apparent success of CR is likely to 
stimulate other journals — Devonian 
Debates? Triassic Trends? — and it is 
unlikely that most libraries would con- 
template subscribing to periodicals for 
each stratigraphic period. Ultimately these 
are only likely to be purchased by 
individuals, with consequent reduction in 
quality and increase in price. At the 
moment it must be considered a good, but 
not essential, addition to an earth science 
library. 

Quite different to all the other journals 
reviewed here is Open Earth (OE). It is 
more on the lines of New Scientist in 
containing quite academic articles but 
written lightly for an interested layman. 
Published and edited by Peter J. Smith, ıt is 
dominated by his influence and style. The 
size is similar to a news magazine, which 
indeed is what it is; OE is intended to 
provide information, with comments, on 
“‘happenings’’ within the earth sciences. 
Articles are rarely more than a page or two 
and most of its 40—50 pages are made up of 
short items of report, humour (of a sortl), 
book reviews, competitions and even geo- 
poetry. Although available by air mail, it 
tends (but it is only a tendency) to be UK 
orientated. 

As a news magazine, with typewritten 
print, it is an excellent publication. Highly 
readable, OE can be strongly recom- 
mended to any harrassed earth scientist 
wanting to keep abreast of developments 
on a broad, albeit journalistic, level. It is 
highly suitable for the departmental coffee 
room as it is unlikely to be retained for 
reference. 
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Substantially thicker, generally over 100 
pages per issue, but surprisingly of the 
same size as OE, the Journal of Structural 
Geology (JSG) fulfills a radically different 
role, being a specialist journal publishing 
Original and review articles in structural 
geology and tectonics. In practice, it is 
closely complementary to Tectonophysics 


OF 
STRUCTURAL 


Volume 2 Number 1, 1801 








GEOLOGY 


in concentrating on smaller scale defor- 
mations, although both journals cover all 
scales. As a British journal, JSG tends to 
have a European content rather than 
American, although this bias is doubtless 
not the intention of the widely dispersed 
editorial board of 22 and is likely to 
change. (Nonetheless it is noteworthy that 
many North American members of 
editorial boards are British in origin!) 
Articles are all in English, with an 
additional abstract allowed in a different 
language. The production is good, 
although the large pages do not seem to be 
used to full advantage and the paper 
quality is only just satisfactory for thin- 
section photographs. There have, so far, 
been too few review articles to make it 
essential reading for undergraduates, but 
the standard of papers is high and it is thus 
an important journal for inclusion in the 
geological section of a library. 

Getting away from Earth, The Moon 
and the Planets (MP) is not new but rather 
re-born, as it is a continuation of an estab- 
lished journal, The Moon. MP is small in 
format, but quite well produced; the type- 
face seems slightly dense, but is readable 
and photographic reproductions come out 
quite well. It is interdisciplinary, con- 
centrating on original research related to 
lunar and planetary bodies, although in 
practice largely chemically and physically 
orientated with surprisingly little on 
electromagnetic scanning. The articles are 
almost entirely in English, but other 
languages — French and Russian — have 
appeared, but only sometimes with an 
English abstract. There are generally eight 
to ten articles per issue, with a few letters, 
but no book reviews. An occasional bibli- 
ography appears. 

Obviously the origin of this journal goes 
back to very carly space studies and its 
change of content reflects the expansion of 
satellite exploration of the Solar System. 
MP is a highly focused publication, with 
few reviews or comparative papers, and 
although an essential journal for any 
institution with active space participation it 
is probably over-specialized for most 
libraries. go 


D.H. Tarling is Reader in Palaeomagnetism in 


the Department of Geophysics and Planetary 
Physics, University of Newcastle upon Tyne. 
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Time for Geomicrobiology 


K.L. Temple 
‘Geomicrobiology Journal. Editor H. 
Ehriich. 4/yr. (Crane, Russak.) $60. 
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The early years of Geomicrobiology 
Journai (GJ) have not been easy. Founded 
by Claude ZoBell, a notable name in the 
field, the journal was launched in 1978 but 
Vol. 2 was still incomplete in August 1981 
-= a bad sign. 

Nonetheless such a forum was, and is, 
needed. Geomicrobiology papers are 
scattered throughout a number of 
established journals in diverse fields, and it 
was hoped that GJ would attract many of 
these. Unfortunately it has not yet done so; 
the quality of those papers that have 
appeared has been good, but too many of 
them have come from the editors. 

With Vol. 3 the journal looks set for 
something of a re-birth. H. Ehrlich takes 
over as editor-in-chief and he will be 
supported by a large and wide-spread 
editorial board (14 of the 21 associate 
editors are from outside the USA). The list 
is truly distinguished; one expects high 
quality from such people. In addition to 
research reports, scientific reviews and 
book reviews, there will be letters to the 
editor, meeting announcements and 
discussion of previous papers. The format 
is good, the price reasonable and these new 
features should stimulate fresh interest in 
the journal. 


With current concern over element 
cycling, curiosity about fossils and interest 
in old environments, GJ has a large 
potential audience. However, the casual 
reader in the USA will overlook the journal 
because the Library of Congress 
cataloguing department has seen fit to 


place it in a location remote from its: 


associated fields of microbiology, sedi- 
mentology, geochemistry, palacontology 
and ecology. Fortunately, I am told, this 
policy is to be changed. 


Geomicrobiology 
Journal... a 


ee aoa 


An ec Journal 
of Geomicrobiology and 
Microbial Biegeochemistry 


Initiated by Beijerinck and Wino- 
gradsky, geomicrobiology has just come of 
age. Theoretical advances, industrial and 
environmental applications and the 
increase in interdisciplinary research make 
it an appropriate time for this Journal. 


K.L. Temple is a Professor in the Department of 
Microbiology, Montana State University, 
Bozeman. 


What’s New in Petroleum Exploration? 


R.C. Selley 
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Journal of Petroleum Geology. Editor-in- 
chief E.N. Tiratsoo. 4/yr. (Scientific 
Press, PO Box 21, Beaconsfield, Bucks, 
UK.) £40. 
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THE advent of the new Journal of 
Petroleum Geology (JPG) is something of 
a nuisance. Previously the only essential 
journal for geologists engaged in 
petroleum exploration was the Bulletin of 
the American Association of Petroleum 
Geologists; one could generally be sure that 
any new petroleum exploration technique, 
or discovery of oil or gas in new regions, 
would shortly be reported within its pages. 
Unfortunately, the JPG publishes papers 
of such global scope and innovation that it, 
too, is now essential reading for any 
petroleum explorationist. 

Each issue of the journal contains four 
or five papers, book reviews, discussions of 
previously published papers, reports of 
conferences and obituaries. The scope of 
papers is wide both geographically and in 
content. Few articles deal with North 
America, since this is covered by other 
journals, and fewer than one might expect 


are concerned with the North Sea. Pre- 
sumably the mighty conference volumes 
siphon off the majority of such papers. In 
so far as there is a regional bias, it is 
towards the Middle East, but the journal is 
essentially global in scope. The papers 
include reviews, technical research papers, 
and even humorous articles (Gold on earth- 
quake outgassing, for example). The 
standard of production is high, and folding 
plates and colour maps occur in several 
issues. Since the dates of submission of 
papers are not given, it is not possible to 


ascertain the length of time that a paper is: 


in press. 

At an annual subscription of £36, anda 
rate of four 120-page issues per annum, the 
JPG will cost about 7'“p a page for 1981. 
This can in no way compare with the value 
of the AAPG Bulletin; but it is not too 
different from some other geological 
journals, from whose subscription rates 
one might have thought the papers were 
not printed but embalmed. 
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R.C. Selley is Reader in Petroleum Geology at 


Imperial College, University of London. 
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Climate Cubed 


Ann Henderson-Sellers 
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Climatic Change. Editor S. H. Schneider. 
4/yr. (Reidel.) Dfl.60, $30 (personal); 
DA. 153, $77.50 (institutional). 
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“This is obviously the decade in which 
climate is coming into its own. You hardly 
heard the word professionally in the 1940's 
. it was clearly not the age of climate 
. Now it is?’ . Ken Hare’s acknow- 
ledgement of a ‘‘new’’ discipline (Bull. 
Am, Met. Soc. 60, 1171-1174) was echoed 
by Steve Schneider, the editor of Climatic 
Change (CC) in the first issue — **Climatic 
change. . . no longer a subject for small 
talk”. 
in my opinion, CC achieves its goal of 
providing a medium for review and inter- 
change. It is intended to be a new vehicle 
for a rapidly expanding discipline. Papers 
of this type were only rarely published 
previously, the journals probably most 
often cited being those of the American 
Meteorological Society and Geophysical 
Union. The three basic editorial criteria for 
this interdisciplinary publication are stated 
as disciplinary accuracy, clarity of cross- 
disciplinary communication and 
originality of content. 


Climatic Change 


An interdisciplinary, ntermational Journal Devoted to the 
Description, Causes and Implicauions of Climatic Change 


Practically all of the individual contri- 
butions (papers, reviews, editorials and 
correspondence) measure up to this 
stringent reviewers’ policy set forth in the 
inaugural issue. Perhaps this success leads 
inevitably to the sensation of a potpourri — 
for example a recent issue contained papers 
on daily weather mapping from 1781; 
winter thunder and climate in China; 
American forests and climatic change; 
mechanisms of rapid deglaciation; and 
winds, rain and sunspots. In an editorial in 
the final issue of Vol.2, Schneider notes 
that as authors have become familiar with 
the editorial criteria, the rejection rate has 
fallen. It seems that speed of publication 
may also be reduced from the eight to ten 
months typical of Vols | and 2. 

Steve Schneider once compared the 
climate to an 81-element cube having axes 
of space (local, regional, global), time 
(weather, climate and geological) and 
impact (physical, biological and social) — 
suddenly I recognize Rubik’s cube! If this 
new journal is an attempt to ‘‘solve’’ the 
climate cube then the apparently random 
juxtapositioning of high-quality material is 
probably essential — it is certainly 
attractive. | wish the puzzlers luck. 


Ann Henderson-Sellers is a Lecturer in 
Meteorology at the University of Liverpool, 
currently studying global climate at the 
Goddard Institute for Space Studies, New York. 
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Aims and Scope | 
Toxicology is the study of the reactions, both adverse and compensatory, of 
living creatures to noxious materials. The hazards to which man is 
exposed and the manner in which he reacts to them from the moment of 
conception and thereafter throughout life is the subject of Human 
Toxicology. This new journal embraces both animal research, where it has 
a direct significance for man, and studies on man himself. These studies 
may be biochemical, physiological, pathological, clinical and 
epidemiological but will all be designed to increase our understanding of 
the action of noxious substances in the body and of means to counter their 
effects. All papers will be subject to peer review. 


CONTENTS 
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Editorial 
A Message from the Chairman of the Editorial Board — Professor Roy 


Goulding. 
Human Toxicology: Major Issues Illustrated in the First Issue — Professor Pau! 
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Warrington. 
Renal Failure Complicating Feprazone Treatment — Colin Robertson, Sheila 
Innes and James Paton. 
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IRL PRESS LTD ANNOUNCE AN AUTHORITATIVE NEW INTERNATIONAL JOURNAL TO BE PUBLISHED FOR 
THE EUROPEAN MOLECULAR BIOLOGY ORGANIZATION 


The EMBO Journal 


to be published monthly starting 1982 


Executive Editor: John Tooze 
European Molecular Biology Organization, Postfach 1022.40, 6900 Heidelberg 1, Federal Republic of Germany 


CONTAINING SIGNIFICANT ORIGINAL RESEARCH IN MOLECULAR BIOLOGY AND RELATED AREAS 
features:— 
è Fast publication —manuscripts tobe EMBO, following a ballot amongst its printed and bound in the same style and 


typeset and published within 12weeks members, is convinced that the format as the journal itself. Full 
of acceptance. European contribution to molecular instructions to authors and subscription 
@ No page charge levy. biology merits a flourishing and fully information are included. Use the 


competitive international journalbased Coupon below to obtain your free copy. 
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| , the high quality of communications but IRL Press Ltd 
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responsible for their scientific available containing additional Arlington, VA 22202, USA 
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maximum of 5 papers per year. All 

papers will subsequently be subjected 
to normal refereeing procedures. 
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Pictures and Signals 
P.W. Hawkes 


Signal Processing. Editor M. Kunt. 6/yr. 
(North-Holland.) Dfl.220. JEEE 
Transactions on Pattern Analysis and 
Machine Intelligence. Editor T. Pavlidis. 
6/yr. (IEEE Computer Society, Silver 
Springs, Maryland.) $58 US, $64 elsewhere. 


SIGNAL processing is a very old subject, 
which has generated an extensive literature 
of books on signal theory and detection, 
stochastic processes, filtering and 
processing techniques, with time as the 
independent variable. Most of this is by, 
and addressed to electrical engineers, with 
contributions from pure mathematicians. 
In the past few years, the field has abruptly 
widened, with rapidly increasing interest in 
two (and higher) dimensional signals and in 
the application of processing methods to 
subjects that are not primarily the province 
of electrical engineers. 

It is to a mixed audience that these two 
new journals, Signal Processing (SP) and 
the JEEE Transactions on Pattern Analysis 
and Machine Intelligence (PAMI), are 
addressed. Both contain papers, short 
communications or letters, and book re- 
views (PAMI) or ‘‘alerts’’ (SP). Both are 
attracting much the same kind of paper, 
though SP includes material that would 
probably have been sent to another of the 
IEEE Transactions series — a recent 
discussion of the ‘‘design of high order 
minimum phase FIR digital or CCD 
filters” is an example of this. SP also 
contains a sprinkling of papers on one- 
dimensional signals, which rarely occur in 
PAMI. 

PAMI has published many interesting 
papers in the field of image processing and 
pattern analysis since its first appearance in 
1979 — on Hough and Radon transforms, 
on the use of moments, on the use of 
variable knot bicubic splines for image 
approximation, on mosaic models for 
textures, on the use of fuzzy set 
decomposition to assess clustering 
performance: these give a fair idea of the 
flavour of the contents. By contrast, SP is 
often more down-to-earth: recent papers 
have covered speech analysis by pole-zero 
decomposition of short-time spectra, a set 
of optimal discrete linear smoothers, a 
graphical system for geographical data 
processing and medical scintigraphic 
images. 


QY maa TRANSACTIONS ON 


PATTERN ANALYSIS AND 
MACHINE INTELLIGENCE 


Are these two new journals needed? 
Probably not, for the longer-established 
Computer Graphics and Image Processing 
has quite as distinguished an editor and 
editorial board as either of them, and 
would have been a suitable home for many 
of the papers in SP and most of those in 


PAMI. Moreover, there are already JEEE 
Transactions on closely related topics 
(series C, COM and ASSP in particular), 
and also such specialized titles as Pattern 
Recognition and Photogrammetria. 
Nevertheless, these newcomers cater for a 
rapidly expanding field and anyone 
working in it will have to have access to 
PAMI and probably to SP as well. a 


P.W. Hawkes is Maitre de Recherches at the 
Laboratoire d’Optique Electronique, Toulouse. 


Solar Energy Foci 


J.1.B. Wilson 


Solar Energy Materials. General editor 
B.O. Seraphin. 6/yr in 2 vols. (North- 
Holland.) DG 360. Solar Cells. Editors-in- 
chief T.J. Coutts et al. 8/yr in 2 vols. 
(Elsevier Sequoia.) SwFr. 380. 


THE enthusiasm for ‘‘self-sufficiency’’ and 
‘alternative energy’’ has generated an 
abundance of pamphlets and books, as 
well as many (often short-lived) magazines, 
but the official journal of the International 
Solar Energy Society, Solar Energy, has 
remained until recently the only place for 
the dissemination of most scientific and 
technical developments. Consequently, 
much useful information has only been 
available in obscure house journals, or has 
been published in such places as the many 
electronics journals. It has been especially 
difficult to keep up with progress in 
photovoltaic and photochemical 
technology without attending the over- 
large international conferences, and papers 
which combined economics with natural 
sciences have not been easy to place. 

Now two specialist journals have arrived 
to service the field, which is becoming 
divided into photochemical and photo- 
thermal conversion — Solar Energy 
Materials (SEM) — and photovoltaic 
conversion — Solar Cells (SC) — whilst 
Solar Energy itself has evolved into a 
mechanical engineering and systems 
forum. Although both of the new 
publications have a similar format, style 
and issue size, there are differences in cost 
and in the type of article which appears. 
The delay between acceptance and 
appearance is around six months in both, 
although some papers in SEM are undated. 

In addition to technology, SC contains 
many theoretical analyses of solar cells as 
energy converters, as well as some inter- 
esting economic evaluations which are, 
after all, the final test of success of any new 
energy source. In contrast, SEM has been 
concerned mainly with the ‘‘recipe’’ type 
of paper, such as the preparation of selec- 
tive coatings for thermal collectors. The 
combination of photothermal conversion, 
which is already economically viable 
(unlike solar cells), and photochemical 
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conversion, which is still a long way from 
the efficiency and operating lifetime 
required, may be an uneasy one, but 
neither of them uses the sophisticated 
materials preparation required by most 
solid-state devices. However, because of 
the similarity of operation of the non- 
thermal ‘quantum converters’’, I believe it 
is the intention of the editors of SC to relax 
the usual narrow sense of solar cell, 
meaning photovoltaic cell, to include, for 
instance, photoelectrochemical cells. 

A useful feature of both journals is their 
publication of review papers, and the 
coverage of otherwise unreported 
workshops. Fifty per cent of the papers in 
each are from the USA, and another 30 per 
cent from Australia (reflecting the effort 
there into thermal collectors for high 
temperatures), otherwise the contributors 
are spread worldwide. Many papers are 
appearing in these new periodicals at the 
expense of established publications, but 
undoubtedly more new papers reach their 
intended audience. 

The fortuitous separation of solar 
energy coverage into three or so divisions 
should assist librarians and individuals in 
their choice of subscription, but all three of 
the journals referred to are essential for any 
serious solar energy programme. 


J.1.B. Wilson is Senior Research Fellow in the 
Physics Department, Heriot-Watt University, 
Edinburgh. 
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The two leading 

scientific journals 
from the People’s 
Republic of China 
distributed by STBS, 
London. 


SCIENCE IN 
CHINA 


(Scientia Sinica) 
A journal of fundamental research 


SCIENCE 
BULLETIN 


(Kexue a tie 
A journal of short communications 


Since January 1981 we have been 
privileged to distribute worldwide in 
English these two remarkable 
periodicals, which together chart the 
advance of pure and applied science 
in today’s China. Both journals are 
sponsored by the Academy of Science 
of the People’s Republic and are 
published by Science Press, Beijing 
(Peking) with Gordon and Breach. 


The aditorial board of distinguished 
scientists is headed by the noted 
physicist Yan Jici, Vice-President of the 
Academy of Science, and includes 
Zhang Wenyu, Director of the Institute 
of High Energy Physics: Huang Jiasi, 
President of the Chinese Academy of 
Medical Sciences, and Jin Shanbao, 
President of the Chinese Academy of 
Agricultural Sciences. 
Each volume of SCIENCE IN CHINA 
comprises twelve issues, published 
monthly. The letters section, SCIENCE 
BULLETIN, also appears monthly, with 
1? issues per volume. They can be 
ordered separately ond each is also 
available in microform. 
Recent issues of SCIENCE IN CHINA 
have featured: Classification of 
Microstructures of Loess in China and 
Their Collapsibility. Molecular 
Chirality and Biological Time Arrow. 
Studies on Incorporation of Membrane 
Protein into Liposomes. Singular 
Games for the Linear Quadratic 
Gaussian System, 
SCIENCE IN CHINA 12 issues per 
volume $180/£82 
SCIENCE BULLETIN 12 issues per 
vous $180/£82 
Back volumes available. Prices may be 
subject to change. All subscriptions 
must be prepaid. All prices include 
cirmail dispatch. 
TO ORDER FOR YOUR LIBRARY OR 
DEPARTMENT, return thes to: STBS, London 
WC2N 4DE 


STBS POBox 197 London 
WC2N 4DE, England 
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Robert N. Colwell 


International Journal of Remote Sensing. 
Executive editor Y.C. Robertson. 4/yr. 
(Taylor & Francis, London.) £39, $105, 
DM 187. Geo-Processing: Geo-Data, Geo- 
Systems and Digital Mapping. Editor-in- 
chief T.K. Peucker. 4/yr. (Elsevier 
Scientific. ) DG 103. 











ReĒMOTE-sensing-orientated scientists will 
welcome these two new journals, both of 
which provide prompt publication of 
highly relevant papers, reviews of books 
and periodicals, and thought-provoking 
editorial comments. 

The Jnternational Journal of Remote 
Sensing (LJRS) deals with the gathering, 
interpretation and use of remotely-sensed 
data. Emphasis is placed on, first, techno- 
logical developments in sensors, image 
processing, image analysis and the display 
of remote-sensing-derived information; 
and, second, discussion of the principles 
and procedures that are entailed in various 
phases of the work done by remote-sensing 
scientists. The papers published thus far 
have shown a consistent balance between 
pure and applied research activities. The 
highly diversified remote-sensing-related 
fields continue to be covered, topics 
ranging from agriculture to meteorology, 
from forestry to urban planning, and from 
hazard monitoring to cost-benefit 
analysis. 


GEO-PROCESSING 


Geo-Processing (GP) seeks to serve the 
interests of all groups that deal, in one way 
or another, with spatial information 
systems. Collectively, the articles 
published to date have dealt primarily with 
the construction of regional, national and 
global information systems, and with the 
acquisition and analysis of both remote- 
sensing-derived data and ancillary data 
that contribute to such systems. Through 
this focus, GP appears to provide a much- 
needed home for certain papers which 
heretofore have been relatively dispersed 
through the literature. The principal 
systems dealt with are those applicable to 
cadastral geoceding, thematic and topo- 
graphic mapping, the inventory and 
monitoring of various kinds of natural 
resources, and the construction of digital 
terrain models. Partly because articles are 
submitted by the authors as camera-ready 
copy, are printed by direct offset repro- 
duction, and contain few, if any, half-tone 
illustrations, quite appropriately the sub- 
scription cost for this journal is much less 
than that of the comparably-sized, but 
more attractively produced, IJRS. 

Since both of these journals provide, in 
English, a large amount of current 
information dealing with highly important 
facets of remote sensing and its related 





Remote Sensing and Spatial Information 
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disciplines, they offer good value to a wide 
spectrum of subscribers and appear to be 
complementary to, rather than competitive 
with, other journals which deal with similar 
subject matter such as Photogrammeiria, 
Remote Sensing of Environment and 
Photogrammetric Engineering nue 
Remote Sensing. 





Robert N. Colwell is Professor of Forestry and 
Associate Director of the Space Sctences 
Laboratory, University of California, Berkeley. 


Superficial Science 
John Gregory 


Journal of Dispersion Science and 
Technology. Editors-in-chief S.E. Friberg 
and P. Becher. 4/yr. (Dekker.) $60. 
Colloids and Surfaces. Editor-in-chief P. 
Somasundaran. 8/yr in 2 vols. (Elsevier 
Scientific.) DG 390. 





PRIOR to the appearance of these two new 
journals, their fields of interest were 
dominated by the Journal of Colloid and 
Interface Science (JCIS), founded by V.K. 
La Mer in 1946, and, so far, showing no 
sign of being in the least perturbed by the 
newcomers. Other major outlets for work 
in the area are Colloid and Polymer Science 
(published in Germany, but with most 
papers in English) and Colloid Journal, a 
Russian journal which appears in a cover- 
to-cover English translation. 

Owing to a rapid growth of activity in 
colloid and interface science, pressure on 
space in JCIS had become intense, with 
long publication delays despite an 
increasing amount of material published. 
There is little doubt that the Journal of 
Dispersion Science and Technology 
(JDST) and Colloids and Surfaces (CS) 
were launched with the hope of creaming 
off some of the material which would 
otherwise have gone to JCIS. In such 
circumstances, it was vital for the new 
contenders to establish distinct identities 
and to attract high-quality papers — not 
just those unable to get past the JCIS 
referees. On present form, both new 
journals appear to be succeeding in their 
different ways; indeed, CS has already 
increased its rate of publication from 
quarterly to eight issues per year. 

The crucial problem of filling the first 
few issues with high-calibre papers was 
solved in JDST by soliciting papers from 
members of the Advisory Board and 
Editorial Committee. Similar tactics were 
employed by the CS editor, who had the 
added advantage of several good papers 
presented at a National Colloid Sym- 
posium in 1979. 

The pattern now emerging for JOST — a 
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rather unattractive, but relatively cheap, 
camera-ready production — is a heavy 
concentration on papers dealing with 
surfactants, emulsions and micro- 
emulsions. Because of the increasing 
industrial importance of these topics, 
especially in the oil recovery area, this may 
be a policy worth pursuing, although in 
that case a more appropriate title for the 
journal might be desirable. The quality of 
papers so far has been maintained at a 
reasonably high level and several useful 
short reviews have appeared. Dates of 
receipt and acceptance of papers are not 
given so I cannot judge the speed of 
publication, which is one of the aims of 
JDST. For those working in the 
emulsion/surfactant area, a personal 


subscription to this journal might well be 


worthwhile. 

In the case of CS, well produced and 
largely typeset conventionally, a much 
wider range of topics is covered — very like 
that of JCIS in fact, so that comparisons 
between the new journal and the 
established leader in the field are 
inescapable. So far, it appears that CS is 
attracting papers which represent a rather 


New Solids: Research 


Arthur T. Howe 


Solid State Ionics. Principal editor M.S. 
Whittingham. 9/yr in 3 vols. (North- 
Holland.) DG480. Synthetic Metals. 
Editor F.L. Vogel. 4/yr. (Elsevier 
Sequoia.) SwFr.360. 





Ir was known before the turn of the 
century that the silver ions in solid silver 
iodide are not static, but behave like a 
liquid. However this compound, and its 
derivatives, remained much of a curiosity 
until the late 1960s when more examples 
were discovered, heralding the Renaissance 
of the field which has up till now produced 
fast ion conductors (sometimes called 
superionic conductors) for a number of 
elements in solids — hydrogen, lithium and 
sodium for example. The potential appli- 
cation of these materials in new batteries 
has injected an urgency into their study, 
which prompted the launching of Solid 
State Ionics (SSD) in 1980. 

Particularly in the light of long 
publication times in the Journal of Solid 
State Chemistry, the more general journal 
appropriate to the field, SSI has fulfilled its 
aim of rapid publication, with times for 
papers typically less than four months in 
the latest issue, with the special section for 
notes offering even shorter times. Speed 
should only be an adjunct of quality, 
however, and SSI has already attracted an 
impressive collection of significant papers 
in the field. In addition the publishers have 
managed to keep a pleasing, properly 
printed format. Certainly, I have found a 


more even balance between fundamental 
and applied aspects of the subject than 
JCIS, which is mainly concerned with 
fundamentals. The papers are mostly 
good, and some excellent contributions 
have been published. The time from 
acceptance to publication seems to be 
mainly in the range seven to ten months. 
Brief notes (from camera-ready copy) are 
published more rapidly, together with 
book reviews and conference announce- 
ments. 

Whether or not they felt a need for one, 
colloid scientists will just have to accept the 
fact that, in Colloids and Surfaces, they 
now have another broadly-based journal 
of high quality, which is rapidly becoming 
indispensable. Persuading a library 
committee to approve yet another 
subscription is, of course, a different 
matter. oe 





John Gregory is Reader in Water Chemistry in 
the Department of Civil Engineering at 
University College, University of London. He 
is Secretary of the Colloid and Surface 
Chemistry Group, Society of Chemical 
Industry. 


for Application 


subscription essential, and I am sure that 
the journal will emerge as the major organ 
of this important field. 

In contrast to the commendable speed of 
publication in SSI, contributors to 
Synthetic Metals (SM) currently must wait 
a considerable time — 10 to 18 months — 
to see their papers in print. Nonetheless this 
journal, too, looks set for a healthy future. 
SM is well produced and, as well as 
publishing papers and reviews, frequently 
features collections of papers presented at 
conferences. 

The journal was designed to highlight 
the growth of interest in the areas of inter- 
calation compounds of graphite, transition 
metal compounds and quasi one- 
dimensional conductors. The term 
“synthetic metals’’ was coined to describe 
those materials which possessed metallic 
conductivity but were not the normal 
elemental metals. Conducting films of 
polyacetylene, (CH), first synthesized in 


1974, sparked off the search for plastic. 


conductors to replace copper and 
aluminium. SM has provided a much- 
needed forum for the explosion of activity 
in this truly multidisciplinary area — for 
example, the spread of the journal is 
indicated by reports in a recent issue on 
Raman, ion implantation, microscopic, 
thermopower and conductivity 
experiments. 5 


kinana aaaanaaaanannnnaanaa aaa aa NNO 


Arthur T. Howe is at the Amoco Research 
Center, Naperville, Illinois. 


D.P. Woodruff 


Surface Science Letters, Editor H.C. 
Gatos. 24/yr. (North-Holland.) $30 (per- 
sonal only). Surface and Interface 
Analysis, Editor-in-chief D. Briggs. 6/yr. 


WHILE much of the literature on 
fundamental studies of surfaces ts 
dispersed through a variety of journals, 
Surface Science has established itself as the 
mainstream journal for such work and has- 
expanded its scale to a volume (in two. 
parts) of aboat 700 pages cach month. - 
While this journal has long had a ‘letters 
section, their publication has not been- 
especially speedy and the cost of the 
journal lies far outside the budget of 
individual researchers. Surface Science 
Letters is not a new journal as such, 
but an attempt to revitalize the letters 
section of its parent by making this section 
available to private subseribers at relatively - 
modest cost. As such it is a very worthwhile 
venture; publication delays are still a lite 
long (6 months or so) but the availability of 
this new format is encouraging the 
convergence of more short papers and 
speculative ideas into a single periodical 
which is guaranteed a large audience. 

By contrast, Surface and Interface 
Analysis {STA} is an entirely new journal of 
modest proportions (each issue is about 40 
large-format pages) which attempts to filla 
new position in the literature. Many of the 
new techniques which have emerged in the 
past 15 years of fundamental surface 
science have proved to be of considerable 
value in the elucidation and characteriz- 
ation of materials’ problems related to 
surface and thin films (including interface) 
phenomena. The publication of work on 
these applications has been dispersed in a 
range of journals. To some extent, this 
Situation has advantages; the specific — 
application may be of far more interest to — 
those concerned with the relevant materia! 
(for example, glasses, catalysts, — 
semiconductor devices) than to those - 
applying the same technique to different _ 
systems. On the other hand, many . 
problems are common to the technique — — 
quantification, instrumentation and | 
calibration, for example — and a common | 
forum for these is clearly valuable. SLA is 
attracting such papers along with a number 
of contributions on specific applications. 

Undoubtedly the journal does fillaneed, - 
although the size of this valuable core of — 
literature is small and could not support a _ 
larger journal. In principle, another — 
relatively recent journal, Applications of — 
Surface Science, has a similar objective: in 
practice, however, it has failed to 
distinguish itself sufficiently in content 
from its sister journal, Surface Science. 








D.P. Woodruff is in the Physics Department at 
the University of Warwick. 
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Polymers, Pure and Applied 


Paul Calvert 

Polymer Bulletin. Editors H.-J. Cantow et et 
al. 24/yr in 2 vols. (Springer-Verlag.) 
DM256. Polymer Testing. Editor R. 
Brown. 4/yr. (Applied Science, Barking, 
UK.) £43. Polymer Degradation and 
Stability. Editor N. Grassie. 6/yr. (Applied 
Science, e, Barking, UK.) £69. 


POLYMER science has been well served for 
‘archival’? journals over the years. The 
Journal of Polymer Science (JPS) started 
in 1946 and has now expanded to five 
sections. In recent years its dominance has 
waned as Polymer and Macromolecules 
have appeared and thrived. Currently, the 
(synthetic) polymer science section of a 
library would need to take about five 
polymer journals to have a reasonable 
coverage of the field (counting JPS as one); 
another five or so could be regarded as 
useful but not vital. 

Polymer Bulletin (PB) and Makromole- 
kulare Chemie — Rapid Communications 
(not reviewed here) have both appeared 
during the past three years and are the first 
fast-publishing journals in the field. PB 
takes short papers of four to six single- 
spaced, camera-ready pages. At the 
moment publication is taking one or two 
months from receipt of the paper to cover 
date of the issue, compared with about six 
months in the venerable Letters Edition of 
JPS and one to two years in many of the 
‘full’ journals (much of this long hiatus 
seems to be in refereeing). 


Polymer Bulletin 





The reader does not have a great deal to 
gain from very rapid publication. Research 
results in polymers remain “new” for a 
year or two and journals containing large 
numbers of short papers make very boring 
reading. However, for authors, rapid 
publication has advantages. Replying to 
referees’ comments is easier within the first 
couple of months after a paper is finished 
and it is much better if a paper is published 
while the author can still remember what it 
contains. In principle one can now quickly 
publish brief progress reports and put more 
effort into the occasional archival gem. 
Since many of us seem to spend more time 

authors than as readers, both of these 
rapid-publication journals should be 
successful. However, they could probably 
be improved from the reader’s viewpoint 
by dividing the contents into sections by 
subject. 

As our “purer” colleagues in physics 
and chemistry often point out, polymer 
science is really an applied science and 
much work in the field is done in industrial 
research and development laboratories and 


in a variety of research associations, 
standards laboratories and military 
laboratories. The scientific journals serve 
well the pure scientists, while the ‘‘trade 
press’’ serves the plastics engineer, but in 
the middle there is a gap filled only by one 
or two applied polymer science periodicals. 





Pobier Testing (PT) falls into this 
middle region; most members of the 
editorial board are from company or 


government laboratories. Full length 
papers are published on methods of testing 
and standardizing polymers; initially 
paints and adhesives were excluded but are 
now allowed by popular request. This 
journal also differs from the others in 
having a distinct personality, with an 
editorial and occasional readers’ letters. 


The readership for PT is secure because 
many laboratories are concerned with the 
testing and quality control of plastics. 
Authorship is likely to be more of a 
problem in that industrial scientists do not 
publish much — papers in the current 
issues still rely heavily on institutions 
represented on the editorial board and it 
may take some time for the journal to 
expand beyond this. 

A ‘‘stablemate’’ of PT, Polymer 
Degradation and Stability (PDS) has an 
editorial board which is almost completely 
drawn from academic and government 
research centres. The journal publishes full 
papers with a publication lag of six months 
to one year, which is about as fast as one 
can expect for a quarterly journal. There 
are not many institutions which do basic 
research on polymer degradation, so PDS 
is really aimed at quite a small community. 
For those in the field the narrowness of the 
topic makes it an interesting (and easy) 
journal to browse through. If it can survive 
with such a small potential readership it it 
willdoa useful job. 





Paul Calvert is in the School of Molecular 
Sciences at the University of Sussex. 


Automation, Atoms and Analysis 


T.S. West 
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The Journal of Automatic Chemistry. 
Editor P.B. Stockwell. 4/yr. (United Trade 
Press, London.) £30 UK, SwFr. 161, $80.50 
elsewhere. Progress in Analytical Atomic 
Spectroscopy. 4/yr. Editor-in-chief C.L. 
Chakrabarti. (Pergamon.) $85. 
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THE automation of laboratory techniques 
and the emergence of applied atomic 
spectroscopy are two of the most 
significant developments in analysis during 
recent years. Given the sharp eyes of 
publishers for fresh ventures, it is not 
surprising that two new review journals 
have appeared which deal with precisely 
these topics. 





The international Journal of A utomatic 


Chemistry (JAC) covers all aspects of 
automation and mechanization in 
analytical, clinical and industrial 
laboratories. These are areas in which 
automation has become absolutely 
essential because of the necessity to handle 
enormous numbers of samples and to cut 
down costs (the manual operator is perhaps 
the most expensive ‘‘instrument’’ in all 
laboratories). Each issue contains about 
eight or nine articles, many of them 
devoted to microprocessors and a smaller 
number to improvements to commercial 
automated systems or the construction of 
miscellaneous ancillary devices to improve 
their performance. In addition there are 
useful and informative articles on 
meetings, new products and literature, and 


a running calendar of current and 
forthcoming events. There are also 
occasional book reviews. 





The standard of the papers is usually 
good, even excellent, and the ‘‘virtual’’ A4 
format allows good use to be made of 
illustrations. The generally high quality of 
the articles read in the sample issues 
suggests that this journal has so far done an 
excellent job and should be scanned on a 
regular basis by all who are concerned with 
automation. It is not possible, since the 
dates are not given, to establish publication 
time, but the journal gives the impression 
of being very much ‘‘on the ball”. 

The blunt intention of the editor of 
Progress in Analytical Atomic Spectro- 
scopy (PAAS) is ‘‘to fill a serious gap in the 
literature of a rapidly expanding field’’. 
Each of the three other issues sampled since 
the first, which appeared virtually to be the 
complete publication of a PhD thesis (with 
no other papers), contains two to four 
review papers written by specialists in 
particular areas by invitation of the 
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Editorial Board. Publication from camera- 
ready manuscripts appears to offer rapid 
iblication, but no dates of receipt are 
n on the articles. 

This journal in no way competes with the 
Royal Society of Chemistry’s Annual 
Reports on Analytical Atomic Spec- 
troscopy which are devoted to fairly 
comprehensive reviews of all activity in the 
field during the previous year. Instead, 
PAAS gives in-depth treatment to small 
areas or specific topics, or critical surveys 
of the application of these techniques to 
specific industries, for example nuclear 
energy materials, cement, refractories, 
paints, soils and plants. The juxtaposition 
of reviews on various industrial analyses 
and. others of a fundamental academic 
nature is at first a little disconcerting, but it 
does perhaps substantiate the observation 
that the field is one which is expanding 
rapidly. 

I cannot honestly say that this journal 
fulfills the same unique role as JAC, since 
quite a few of its articles might equally well 
be found elsewhere and there is con- 
sequently no characteristic ‘‘flavour’’ to 
the journal. But what PAAS does out- 
standingly well is to offer the opportunity 
for publication of uniquely long and 
detailed fundamental papers, and if this 
aspect can be further developed the journal 
will undoubtedly attain a character oii its 
own and serve a vital role. : 









T.S. West is Director of The Macaulay Institute 

for Soil Research, Craigiebuckler, Aberdeen, 
and was formerly Professor of Analytical 
Chemistry at Imperial College, University of 
London. 


Inorganic Chemistry for the Broad-minded 


J.A. McCleverty 
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Reviews in Inorganic Chemistry. Editors 


H.D.B. Jenkins and D.F.C. Morris. 4/yr. 
(Freund, Tel Aviv, Israel/Wiley.) $85. 
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IN THEIR preface, the editors of Reviews in 
Inorganic Chemistry (RIC) make a point of 
inviting short, authoritative articles which 
will be seen as personal reviews of the 
author’s own research set in the context of 
other work in the field. Larger and more 
broadly based reviews are also solicited, 
and in recent issues book reviews are 
included. 

Thus the policy of the journal is to 
encourage new insights and to promote 
interest and research activity across the 
span of inorganic chemistry. The editors 
apparently hope to achieve this by placing 
no restrictions on what constitutes 
inorganic chemistry in order to promote 
the interplay of ideas between subdivisions 
of the subject. Certainly, a wide variety of 
topics have been reviewed to date, ranging 
from basic coordination chemistry, 
through thermodynamics, spectroscopy, 
electrochemistry and chromatography, to 
solid-state chemistry. 

There are short personal accounts and 
longer more general contributions of 
variable quality, but some useful articles by 
well-known chemists have also appeared. 
The delay between receipt of manuscripts 
and their appearance has apparently 
decreased since the first issue, and seems 
reasonable. Thus the editors appear to be 
achieving some of their aims, one of which 


Transitions in Solid-state Physics 


Roger Pynn 


Phase Transitions. Editors-in-chief A.M. 
Glazer and R. Smoluchowski. 4/yr. 
(Gordon & Breach.) 1981: $107. 


THE avowed aim of Phase Transitions 
(PT) is to provide ‘‘a focus for papers 
on most aspects of phase transitions in 
condensed matter’’. Yet it is not obvious 
that such a focus is necessary or even 
desirable. During the past decade of 
expanding interest in phase transitions, 
the established condensed-matter journals 
have provided an adequate forum for 
papers on phase transitions and have 
maintained a measure of contact between 
students of this sub-discipline and the 
remainder of the solid-state physics 
community. 

Although papers published to date in 
this new journal have been of a quality 
which is above average, none can be 
described as seminal. The editors have tried 
to improve the refereeing system by 
keeping authors’ names and affiliations 


from the referees, an interesting idea which 
could be adopted profitably elsewhere; 
some established journals often appear to 
give undue prominence toa limited number 
of laboratories. Although fair, the 
refereeing is often not particularly rapid — 
overall, the delay between the submission 
of a paper and its appearance varies 
between six months and more than a year. 
This situation is exacerbated by the 
relatively infrequent publication schedule 
(about four issues per year). 

The quality of production of the journal 
is excellent and the lack of page charges and 
of length limitation seems to have 
encouraged papers which are self- 
contained and well expounded, However, 
to flourish beyond its infancy PT must 
attract, in addition, a few landmark contri- 
butions and establish a reputation in an 
specific area of study. 


Roger Pynn is at the Institut Laue-Langevin, 
Grenoble. 
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is rapid publication. 

It seems unlikely that individuals woul 
buy RIC, but departments having a broad. 
range of inorganic interests might. The- 
price is not excessive and the quality of z 
production quite satisfactory. However, in > 
my opinion the journal does not fill anc 
obvious gap; rather, | would guess thatit- 
tends to siphon off articles from m 
specialized review periodicals. I we 
place it in the middle rank of qu 
certainly below its Wiley stabler 
Progress in aie Chemisty. 









RIC, en m not wana worth. Buta 
warning note is sounded by the fact that 
although it was launched in January 1979 
with a quarterly publication schedule, only i 


eight issues have appeared to date. 
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JA. McCleverty is Professor of Inorganic. 
Chemistry at the University of Birmingham. 


Disposal Technology 


R.I. Newman 
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Nuclear and Chemical Waste Manage-- 
ment. Editors-in-chief L. Cranberg and: 
A.A. Moghissi. 4/yr. (Pergamon. } $80: - 
Radioactive Waste Management. Editor- 
in-chief D.R. Anderson. 4/yr. (Harwood,) 
Dfl.150, $55. European Applied Research — 
Reports: Nuclear Science and Technology 
Section. Irregular. (Harwood.) DFL855, 
$310 per volume of 1,500 to] 1600 pages. 





THE appearance of three new journals 7 
dealing with the management of radios. 
active waste, at least in part, is something. 
of an occasion. Among the criteria forthe 
success of a new journal is that it should fl 
a gap, and there is certainly a need fora 
forum for the objective discussion of waste — 
management problems. Thus | took up 
with optimism the task of reading the 40 or 
so papers and the accompanying editorial 
statements in the first four issues of each of 
these journals. 

The statement of editorial policy in 
Radioactive Waste Management (RWM)iS - 
entirely to my liking. | applaud the editors’ 
intentions to be ‘‘skeptical of submissions 
that continue to press for a ‘best’ instead of 
acceptable solution(s) to technical, 
political or social problems”. And H ts 
good that Nuclear and Chemical Waste 
Management (NCWM) quotes from a 
statement by the Coordinating Committee 
on Energy to the effect that ** Nuclear waste 
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and radioactive effluents can be safely 
managed with existing technologies or a 
Straightforward extension thereof’’ and 
that ‘tthe waste disposal issue is an 
important part of the effort [to assist the 
expansion of nuclear power] and one that 
does not require extraordinary measures’. 

Part of the reason why these truths have 
not been more widely appreciated is per- 
haps the United States government’s 
indecisiveness in setting rational limits and 
criteria for the disposal of radioactive 
waste. (There is no shortage of designs.) 
The result has been a proliferation of 
research and development projects, usually 
leading to the recommendation that even 
more research and development is needed. 
Quixotically, people have set out not 
merely to find the ‘‘best’’ method or 
materials, but to pile several ‘‘bests’’ upon 
each other. 

Unfortunately, many of the papers in 
these three journals are in that unrealistic 
tradition. My estimate is that only some 15 
out of the 40 papers support the adequacy 
of current technology. Half a dozen of 
these papers, however, are outstanding — 
they deal with matters such as the adequacy 
of glass for nuclear waste disposal and the 
economics of waste disposal as part of the 
entire fuel cycle. 

Although each of these journals deals 
with the problems of the disposal of 
radioactive waste, their emphasis varies. 
Thus, while RWM is devoted entirely to 
Such questions (with concentration on 


Nuclear and 
Chemical Waste 
Management 
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waste from the production of nuclear 
energy), NCWM also covers the disposal of 
hazardous chemicals. The brief of 
European Applied Research Reports 
(EARR) is broader still: it publishes 
‘reports on all aspects of nuclear science 
and technology”, a significant proportion 
of which deal with technical approaches to 
nuclear waste management. Conversely, 
EARR accepts contributions from a 
geographically more limited area than 
either of the other two journals, since it 
only accepts papers which have been 
sponsored by, or published in coll- 
aboration with, the Commission of 
European Communities. 

Within their self-restricted subject areas, 
NCWM and RWM carry a variety of 
material. They deal with economics, safety 
and public policy as well as with technical 
matters. Both publications include 
editorials and letters to the editor, of a 
uniformly high quality in the first few 
issues. EARR is evidently not intended as a 
‘‘talking shop’’ since it carries only 
technical reports, although symposium 


proceedings are apparently published from 
time to time. 

All three journals deserve a place in 
libraries concerned with the topic of waste 
management even though, as always, it will 
be necessary for readers to sift for 
themselves the wheat from the chaff. 


R.I. Newman is a consultant specializing in 
nuclear fuel reprocessing and radioactive waste 
disposal, and is Chairman of the Nuclear 
Engineering Division of the American Institute 
of Chemical Engineers. 


Rapid Damage 
C.A. English 


Radiation Effects Letters. Editor-in-chief 
L.T. Chadderton. 54/yrin 9 vols. (Gordon 
& Breach.) 1981: $157. 


Radiation Effects Letters (REL) was 
launched with the aim of facilitating the 
rapid publication of short contributions on 
the effects generated by the interaction of 
radiation with matter. It invites both 
experimental and theoretical contributions 
over the same wide subject range as its well- 
established companion journal, Radiation 
Effects. The latter remains the vehicle for 
full-length papers, correspondence and 
book reviews. 

Topics covered in both journals range 
from the interaction of radiation with 
crystalline materials to radiation effects in 
biology and biochemistry. To aid quick 
publication, REL requires that letters of up 
to six pages are submitted in camera-ready 
form suitable for direct reproduction; 
although the quality of production is good, 
all letters appear to be published without 
revision and as a consequence some lack 
clarity. The standard of contents is 
variable, and it is difficult to be convinced 
that all letters represent truly significant 
contributions requiring rapid publication. 
The majority, however, provide informa- 
tion on topics of current interest, and thus 
are of relevance to workers in this area. 

Typically, an issue contains articles 
received over a six to eight week period. 
Thus time to publication is faster than that 
previously achieved by short communica- 
tions in its parent journal, and compares 
well with other journals offering rapid pub- 
lication of letters. However, about a third 
of the issues of REL have taken six to nine 
months to reach Harwell. It is to be hoped 
that this problem is not widespread as it 
negates the main purpose of the journal. 

The appearance of REL must be wel- 
comed. The journal fills a potentially 
valuable role in allowing the speedy 
dissemination of information on topics of 
current interest in its chosen area. 





C.A. English is in the Metallurgy Division at 
AERE Harwell, Didcot, Oxfordshire. 


Teaching Physics 
Daphne F. Jackson 


European Journal of Physics. Editor G.W. 
Series. 4/yr. (Institute of Physics, Bristol, 
UK.) $80 US, £35 elsewhere. 


THIS journal aims to provide a European 
equivalent of the American Journal of 
Physics, which plays an important part in 
the literature of physics education, chiefly 
as a vehicle for novel insights into points of 
physics which are often prompted by the 
experience of physics teachers at all levels. 

The European Journal of Physics (EJP) 
is solely concerned with explicitly 
educational questions. The editor 
identifies four broad areas for con- 
tributors, and the journal publishes articles 








(mostly in English) on particular topics in 
physics or teaching methods at university 
level; on the fundamentals of physics or 
new insights into known areas of physics; 
on topics which cross the boundaries 
between physics and other disciplines; and 
on the cultural implications of physics. 

Each issue contains 60-70 pages of 
papers (not normally longer than 5,000 
words), book reviews and reports on 
conferences and other events; letters and 
comments, including comments on 
previously published papers, are also 
accepted but are subject to the usual 
refereeing procedure. Publication appears 
to be rapid. 

Much thought and effort has evidently 
been put into the launching of the journal, 
and the standard of production is generally 
good; the text and mathematical content 
have a clean, simple appearance, and the 
illustrations are well reproduced. 

Almost all the contributions in the four 
issues of the inaugural volume fall into the 
first two categories mentioned above. But 
whereas the articles on teaching methods 
are not very exciting and could have 
appeared elsewhere, those on fundamental 
topics or controversies in physics are of 
greater depth. Asa forum for papers of this 
kind, together with developing sections on 
cross-disciplinary and cultural topics, the 
EJP could prove timely and valuable. = [ 


Daphne F. Jackson is Professor of Physics at the 
University of Surrey. 
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Fast Reactions 
Frank Close 


Zeitschrift für Ph Physik, C: Particles and 
Fields. Editors G. Kramer and H. Satz. 
20/yr in 5 vols. (Springer-Verlag.) 
DM1,140. Surveys in High Energy 
Physics: An International Journal. Editor- 
in-chief J.M. Charap. 4/yr. (Harwood.) 
$52, £25. 





SPRINGER-Verlag have long had a high 
reputation in producing scientific literature 
and for some years have published Parts A 
and B of Zeitschrift für Physik (ZP), 
Atoms and Nuclei and Condensed Matter. 
Part C, a recent addition, is dedicated to 
‘particles and fields’’, which primarily 
means high energy physics. 

In the USA most papers in this subject 
area are submitted to Physical Review. 
Although this carries the highest repu- 
tation, in times of financial stringency 
European authors are often unable to 
publish there as a result of page charges. 
Thus Nuclear Physics, Part B, has had a 
monopoly on the European scene in recent 
years, publication delays tending to deter 
from publishing in Nuovo Cimento. 

Although Nuclear Physics remains the 
primary European journal in high energy 
physics, the new part of ZP has rapidly 
established a high reputation. This has 
been helped by the fact that physicists at the 
electron—positron collider (PETRA) at 
Hamburg have, until recently, worked 
alone at this frontier of science. 


Zeitschrift Particles 
and Fields 


The German connection has made ZP a 
popular choice for researchers at 
Hamburg; in consequence high energy 
physicists are reading it, and in turn 
publishing there. Its reputation is rapidly 
approaching that of Nuclear Physics for 
publishing front-line research with a 
tendency to phenomenological rather than 
‘theoretical theory’’. The original hope 





for rapid publication has fallen a bit 


recently, but still compares favourably 
with similar journals. The quality of 
production and of contributed papers are 
good, and its well-being seems assured. 
Incontrast, the future of Surveys in High 
Energy Physics (SHEP), devoted to 
theoretical high energy physics including 
surveys of experimental results, does not 
appear to be so bright. The articles are 
often lengthy and of a review nature, rather 
than the first reporting of the results of 
research problems. The journal aims to 
deal with ideas that are ‘‘timely rather than 
merely topical so that issues are not rapidly 
outdated or disproved’’. To a fair extent 
the editors have succeeded here: the first 
issue contained a review of jet behaviour in 
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electron-positron annihilation, and a 
survey of theory on QCD jets was in the 


following number. Camera-ready copy 
should speed up publication and help keep 
down costs (though the early volumes are 
costing around $50 each: it is not clear to 
me how long librarians will regard this to be 
a reasonable buy). The journal is also 
available in microform. 

A new journal needs a period of time to 
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become established, after which it becomes 
indispensable. I have lived happily without 
SHEP for several years and did not find 
many colleagues who read it. I fear that 
when library budgets tighten if may De 
found to bea luxury. 
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F.E. Close is at the Rutherford and Appleton 
Laboratories, Didcot, Oxfordshire. 
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Dilute (d) coat colour mutation of DBA/2J mice 
is associated with the site of 
integration of an ecotropic MuLV genome 


Nancy A. Jenkins, Neal G. Copeland, Benjamin A. Taylor & Barbara K. Lee 


The Jackson Laboratory, Bar Harbor, Maine 04609, USA 
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The single endogenous DBA/2J ecotropic provirus segregated concordantly with the dilute (d) coat colour mutation on 
chromosome 9 in 53/53 DBA/2J-derived recombinant inbred mouse strains and all seven inbred and mutant strains tested 
that carry the d allele. Analysis of DNA from a spontaneous DBA/2J d revertant (d**’) showed that these mice lack 
ecotropic-specific MuL V DNA sequences and suggested that the dilute mutation resulted from integration of an ecotropic 


provirus into the mouse genome. 








TETAAN nii rarae a NA lS bbb Annas 


ECOTROPIC murine leukaemia virus (MuLV) DNA sequences 
are inherited as part of the normal genetic complement of many 
inbred strains of Mus musculus. Several high leukaemic strains 
such as AKR, C58, and PL spontaneously produce high titres of 
ecotropic MuLV early in life and carry multiple (3-5) copies (per 
haploid genome) of ecotropic viral DNA sequences (refs 1-3 
and N.A.J. etal., in preparation). In contrast, mice of many low 
leukaemic strains including DBA, BALB/c, C5S7BL/6 and 
C3H/He express ecotropic MuLV only on aging or chemical 
induction? and contain a single copy (per haploid genome) of 
ecotropic viral DNA sequences“ 

Although the structure of most ecotropic MuLV genomes in 
high and low virus- -producing strains is similar to the prototype 
Gross-AKR MuLV'”, the endogenous ecotropic MuLVs are 
integrated at multiple sites in mouse chromosomes. In the 
AKR/N strain, two independently segregating loci for ecotrepic 
virus inducibility have been mapped” to chromosomes 7 and 
16. The single ecotropic virus inducibility locus of BALB/c mice 
has been assigned”? to chromosome 5 and may be allelic with 
the C3H/He ecotropic provirus’. The ecotropic virus induci- 
bility locus of CS7BL/6J is unlinked to those in C3H/HeJ and 
BALB/cJ’° and has been assigned'’ to chromosome 8. 

We have determined the chromosomal location of the 
DBA/2J ecotropic provirus, Dbv, by Southern blotting and 
hybridization with an ecotropic-specific DNA probe of the 
DNAs from two sets of recombinant inbred (RI) mouse strains 
derived from crosses of DBA/2J with either C57BL/6] (the 
BXD series) or AKR/J (the AKXD series). RI strains are 
derived by systematic inbreeding, beginning with randomly 
chosen pairs of mice from the F, generation of the cross of two 
pre-existing (progenitor) strains’. RI strains are particularly 
useful for gene mapping because, during inbreeding, linked 
genes tend to remain linked and unlinked genes are randomized 
in the RI strains, The results of our analysis (1) confirm that the 
endogenous ecotropic provirus of DBA/2J is unlinked to those 
in C57BL/6J and AKR/J, (2) indicate that the endogenous 
ecotropic proviruses of these strains are structurally indis- 
tinguishable from the exogenous AKR ecotropic provirus, and 
(3) demonstrate that the DBA/2J ecotropic provirus is closely 
linked to the dilute (d) allele on chromosome 9. This linkage was 
confirmed by analysis of other inbred strains and a spontaneous 
d allele revertant of DBA/2J, designated d“? 


Characterization of ecotropic MuLV DNA 
sequences in BXD RI strains 


We have used Southern blotting and hybridization with an 
ecotropic-specific DNA probe to characterize the endogenous 
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ecotropic DNA sequences in 26 BXD recombinant inbred and 2 
progenitor strains. The hybridization probe, representing a 
400-base pair (bp) Smal fragment from the env gene of AKR 
MuLV DNA subcloned into the EcoRI site of plasmid pBR322 
(Fig. 1), hybridizes only to ecotropic DNA sequences (both N 
and B ecotropic MuLVs) and not xenotropic, amphotropic or 
mink cell focus-forming (MCF) MuLVs' (this probe was pro- 
vided by Dr D. R. Lowy). 

Initially, we examined the organization of ecotropic MuLV 
genomes in the two progenitors of the BXD RI strains. DNA 
was prepared from spleens of C57BL/6J and DBA/2J mice, 
digested to completion with several different restriction 
enzymes (Fig. 1), electrophoresed through agarose gels, blotted 
onto nitrocellulose paper and hybridized with a °**P-labelled 
nick-translated probe. Digestion of C57BL/6J and DBA/2J 
DNA with enzymes that should generate a single internal viral 
DNA fragment which is detectable with this probe (Pstl, KpnI or 
BamHI) in all cases produced a single fragment that co-migrated 
with the analogous fragment in the prototype AKR viral DNA 
(data not shown). In addition, digestion of these DNAs with 
EcoRI, Pvull, or Xbal produced single detectable viral DNA- 
containing fragments which differed in size in these two strains 
and were larger than the corresponding fragment of unin- 
tegrated linear viral DNA, suggesting that these fragments were 
linked to cellular DNA sequences. 

As digestion with EcoRI, Pvull, or XbaI produced single viral 
DNA-containing fragments of unequal size in the two progeni- 
tor strains, we have used these enzymes to characterize the 
ecotropic MuLV DNA sequences in the 26 BXD RI strains. The 
results obtained by Xbal restriction enzyme analysis are shown 
in Fig. 2 and were confirmed by EcoRI and Pvull digestion (data 








1x103 bp 


Fig. 1 Restriction endonuclease map of unintegrated linear AKR 
MuLV DNA””. The unintegrated linear viral DNA, which is drawn 
5’ to 3' with respect to viral RNA, is 8.8 kb long and is not cleaved 
by EcoRI. The restriction sites of Ps (Psd), K (Kpr, B (BamHI), 
H (Hindlii), Pu (PoutlD, Sm (Smal) and Xb (X bal) are indicated. 
The 400-bp Smal fragment, representing the ecotropic-specific 
sequences, is indicated by the solid block. These ecotropic-specific 
sequences have been subcloned into the EcoRI site of pB R322 and 
this plasmid was used here as a hybridization probe. 
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Table 1 Inheritance of the d allele and ecotropic MuLV DNA sequences in BXD and AKXD RI strains 
BXD RI strain* 
Locust 1 2 5 6 8 9 iL It: T: 14 13 16 we Pp 22 23 22 a Kt Bow 3 2 32 JA. BS 
d D B D D OD D E Pit B B B D D D B} #B B B D B B D D p B 
Dbv D B D D D D B D B B BD D D B DD P B B D B B D D B B 
Blv D. B DÈ DÈ Bb DPD D D B B D D B B D D B BD! > B D) B pD D 
AKXD RI strain* 

1 2 3 4 5 6 7 8 $ wht D T 15 16 7 1: 2D 21 2 2 wes 2% 272 2 
d D PBA DA we PA A DP BoB pA RD AD PA AD eB BD A 
Dbv H B D A BDA DPA AD DDeRpPA DPA D RDA A BD YD BD iA 
Akv-1 A DA AAA DP ADA DA DPA A AD A OD AOA A OA iA OD D D 
Akv-3 yA DA AA BDPAABDA AAA BD DD DDA DA D BD: A A 
Akv-4 A A: DADAAS BAD DPA AA DD BA BD DB DA A BA A DO 





* D, B and A were used to denote the alleles inherited from DBA/2J, C57BL/6J and AKR/J respectively. 

t BXD and AKXD RI strains were initially classified with respect to the dilute (d) allele by visual inspection. Albino AKXD strains (5-7, 9, 10, 13, 15, 16, 18, 19, 21, 22 
and 24) were classified with respect to the d allele by outcrossing a single male to DBA/2J females**. The ecotropic MuLV loci of DBA/2J (Dbe). C57BL/6J (Biv) and 
AKR/J (Akv-1, Akv-3 and Akv-4) were assigned from the data shown in Figs 2 and 3. 


not shown). Eleven BXD RI strains inherited only the DBA/2J 
provirus, five strains inherited only the CS5S7BL/6J provirus, 
three strains inherited both proviruses and seven strains 
inherited neither provirus. The segregation of the DBA/2J and 
CS7BL/6J ecotropic proviruses (summarized in Table 1) was 
consistent with two independently segregating loci (the sites of 
the DBA/2J and C57BL/6J endogenous ecotropic proviruses 
are designated Dbv and Blv respectively). 

A search for association of the endogenous ecotropic MuLV 
genome of these strains with one of more than 110 genetic 
markers distributed over 15 chromosomes, for which the BXD 
RI strains have been typed, revealed complete concordance 
between Dbv and the dilute (d) locus among all 26 RI strains. 
This places the Dbv locus near d on chromosome 9. 


Characterization of ecotropic MuLV DNA 
sequences in AKXD RI strains 


To confirm the chromosome 9 location of the DBA/2J ecotropic 
provirus, we examined by Southern blotting and hybridization 
with the ecotropic MuL V-specific probe DNAs of 27 AKXD RI 
strains derived from the cross of AKR/J and DBA/2J. DNA of 
all AKR/J mice contains three ecotropic proviruses, Akv-1, 
Akv-3 and Akv-4 (Akv-4 has been previously referred to as 
Akv-2J; ref. 13). Digestion of AKR/J DNA with Poull 
generates three viral DNA-containing junction fragments that 
correspond to Akv-1 (4.8 kilobases (kb)), Akv-3 (3.9 kb) and 
Akv-4 (8.3 kb) (Fig. 3). The assignment of these three fragments 
to specific Akv loci was done by restriction enzyme analysis of 
DNAs from three AKXL RI strains that were derived from the 
cross of AKR/J and C57L/J. These three RI strains were 


Fig. 2 Characterization of the endogenous 
ecotropic MuLV sequences in DNA of 26 BXD 
recombinant inbred and progenitor strains. 
High molecular weight DNAs were isolated 
from spleens of several mice of each of the 
progenitor strains and two mice of each of the 
26 BXD RI strains. Spleens were disrupted in 
Dounce tissue homogenizers (in the presence of 
0.25mgml™' pronase, 0.5% SDS, 0.15M 
NaCl and 0.015 M sodium citrate), incubated at 
37°C for 30min and high molecular weight 
DNAs were then extracted as previously 
described*’, DNAs (10 ug per lane) were 
digested to completion with Xbal, electro- 
phoresed through 0.6% agarose „gels, trans- 


ferred to nitrocellulose filters*’ and hy- 
bridized 7? in total volume of 7- 12 ml with 
5x10° c.p.m. ml! **P-labelled?? pBR322- 
containing ecotropic-specific viral DNA 


probe'. The molecular weights (in kilobases) of 
the viral DNA-containing fragments detected 
in the progenitor (B, CS7BL/6J; D, DBA/2J) 
and BXD RI (1, 2, 5, 6, 8, 9, 11-16, 18- 25 and 
27-32) strains were calculated using `P- 
labelled HindII1-digested A DNA electro- 
phoresed in parallel lanes of the same gels. 


previously shown to contain only Akv-1, Akv-3 or Akv-4 
following segregation of these loci during inbreeding of the 
AKXL RI strains (Fig. 3)'*. In addition to the three viral DNA 
fragments normally found in AKR/J DNA, DNA from the two 
AKR/J mice used in these experiments also produced an addi- 
tional 3.6-kb fragment (Fig. 3). This fragment seems to be less 
intense than the other viral DNA-containing fragments, 
Suggesting that these DNA sequences are still segregating in 
AKR/J mice. This fragment was not detected in any of the 
AKXD RI strains (Fig. 3), indicating that it was not present in 
DNA of the progenitor AKR/J mice used to generate the 
AKXD RI strains. 

Digestion of AKR/J DNA with enzymes that monitor inter- 
nal virus structure (BamHI, KpnI or Pstl) again demonstrated 
that these endogenous MuLV DNA sequences were structurally 
indistinguishable from the exogenous prototype AKR MuLV 
DNA (data not shown). Poull digestion of DBA/2] DNA 
produced a single 5.4-kb viral DNA-containing junction frag- 
ment (Fig. 3). As this fragment does not co-migrate with any of 
the fragments in Puull-digested AKR/J DNA, we used this 
enzyme to follow the segregation of ecotropic MuLVs in DNA 
of the 27 AKXD RI strains (Fig. 3). The results of this analysis 
are summarized in Table 1. In addition to the one DBA and 
three AKR loci expected, we also found that five AKXD RI 
strains (AKXD-4, 11, 17, 24 and 25) have acquired additional 
ecotropic-specific DNA sequences detected as 5.3-, 7.2-, 3.4-, 
6.7- and 5.9-kb DNA fragments respectively. The 5, 3-kb 
fragment found in AKXD-4 DNA was shown not to be the DBA 
provirus by Xbal restriction enzyme digestion (data not shown). 

The origin of these additional ecotropic sequences is unknown 
but they may result from germ-line reintegration of ecotropic 
MuLVs during inbreeding, a form of gene duplication that has 
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been shown to occur in congeneic NIH Akv-1 sublines of 
mice'*. AKXD strains 11, 17 and 24 seem to carry the additional 
proviral DNA sequences in a homozygous state (determined by 
intensity of hybridization relative to other Akv loci in the same 
lane); AKXD-4 and 25 may be heterozygous for the additional 
ecotropic viral DNA sequences. 

The segregation of ecotropic virus loci in the AKXD RI 
strains indicated that the AKR/J and DBA/2J ecotropic pro- 
viruses are unlinked (Table 1). In addition, the DBA/2J eco- 
tropic provirus again segregated concordantly in 27/27 RI 
strains with the d allele, thus confirming the close linkage 
between these two genes. From the data presented in Figs 2 and 
3, we can estimate that the 95% upper confidence limit of the 
recombination frequency between Dbv and d (assuming they 
are separable) is no greater than 0.015 (ref. 12). 


Association of DBA/2J endogenous ecotropic 
MuLV with d allele in 
inbred and mutant mouse strains 


DNA of five inbred and two mutant mouse strains, which carry 
the d allele, were examined by restriction enzyme analysis for 
their ecotropic MuLV DNA content. Puull digestion of DNA 
prepared from spleens of five inbred strains, I/LnJ, P/J, BDP/J, 
SEA/GnJ and HRS/J, and two strains carrying chromosome 9 
mutations, cw and fd (curly whiskers and fur deficient), all 
generated a 5.4-kb viral DNA-containing fragment charac- 
teristic of the DBA/2J ecotropic MuLV (Fig. 4). Further analy- 
sis with EcoRI, Xbal, and HindIII confirmed that each strain 
carried the DBA ecotropic provirus (data not shown), In addi- 
tion, we have examined DNA prepared from 46 inbred strains 
and substrains that carry the wild-type allele at the d locus and 
have confirmed that they also do not carry the DBA ecotropic 
MuLV (N.A.J. ef al., in preparation). These results again 
confirm the close association between the DBA/2J ecotropic 
provirus and the d allele. 

Integration of the DBA ecotropic provirus seems to be rela- 
tively stable. The dilute coat colour mutation is an old mutation 
of fancy mice. In 1909, C. C. Little produced a pair of mice 
homozygous for the coat colour alleles for dilute, brown and 
nonagouti, and began inbreeding the DBA strain. Two sub- 
strains of DBA, DBA/1J and DBA/2J, have been maintained 
independently for over 50 years and both strains still carry the 
same ecotropic MuLV as does DBA/2DeJ, a substrain of 
DBA/2J that has been maintained independently for over 30 
years’ (Fig. 4). 

Allseven strains analysed in Fig. 4 contained both the d allele 
and DBA ecotropic MuLV, suggesting that these strains may 
have acquired the d allele from DBA mice, and this was 
confirmed by historical records for most strains. In 1926, W. H. 
Gates crossed Little’s dba stock with L. C. Strong’s pink-eyed 
dilution stock to generate a brown, dilute, pink-eyed dilution 
stock, that, when inbred, became the BDP/J strain’®. The BDP 


AKXD RI STRAIN 3 





22 23 24 25 26 27 28 





Fig. 3 Characterization of the endogenous 
ecotropic MuLV sequences in DNA of 27 
AKXD recombinant inbred and progenitor 
strains. DNAs of AKR/J, DBA/2J and 27 
AKXD RI (1-18, 20-28) strains were digested 
to completion with Pvull and analysed as 
described in Fig. 2 legend. In addition, DNAs 
of three AKXL (AKR/J x C57L/J) RI strains 
that have previously been shown to contain 
only Akv-1 (AKXL-21), Akv-3 (AKXL-28), 
or Akv-4 (AKXL-13)'? were digested to 
completion with Pvull, analysed as described in 
Fig. 2 legend and used to identify the AKR/J 
proviruses inherited by the AKXD RI strains. 
Some of the fragments shown in this figure are 
light and difficult to see but were easily detected 
in the original autoradiograph. These frag- 
ments have been included in the data sum- 
marized in Table 1. 





strain was one of the progenitor strains of P/J'°. Similarly, 
SEA/GnJ is a recombinant inbred strain generated from 
BALB/c x P/J*° and this strain appears to have inherited the d 
allele and both DBA and BALB/c ecotropic MuL Vs (the 4.3-kb 
fragment found in SEA/GnJ DNA has been shown by restric- 
tion enzyme analysis to be identical to the BALB/c ecotropic 
provirus; N.A.J. ef al., in preparation). Finally, the cw mutant 
strain acquired the d allele by a recent cross to DBA (H. Sweet, 
personal communication) and the fd mutation originally oc- 
curred in a DBA mouse’’. The origin of the d allele of HRS/J 
and I/LnJ is unclear. HRS/J mice carry both ecotropic MuL Vs 
that were detected in SEA/GnJ DNA. In addition to the DBA 
provirus, I/LnJ mice (a low leukaemic strain) also carry four 
other ecotropic proviruses and one of these proviruses is similar 
to the ecotropic MuLV of BALB/c. 


Characterization of ecotropic MuLV 
DNA sequences in a 
spontaneous DBA/2J dilute revertant 


We have also analysed DNA prepared from the d*” spon- 
taneous revertant of DBA/2J'* to determine whether these 
mice still carry the endogenous DBA/2J ecotropic MuLV 
genome. Pvull digestion of DNA prepared from two mice 
homozygous for d*” (Fig. 5) showed that reversion of d to d* 
was associated with concordant loss of the DBA/2J ecotropic- 
specific MuLV DNA sequences. This loss was confirmed by 
digestion of DNA from the revertant strain with enzymes that 
generate internal viral DNA-containing fragments (BamHI, 
Kpnli, or PstI) and virus-cell DNA junction fragments (XbaI) 
(data not shown). 

Although multiple occurrences of d'-like mutations (dilute- 
lethal) have been reported, as well as an allele that has a slight 
diluting (d*) effect on coat colour, no mutations closely resem- 
bling the original d mutation have been reported. The gene 
product(s) of the d locus is unknown, but the diluted coat colour 
appears to result from the deposition of abnormally clumped 
pigment granules in the hair shaft'’. To determine whether 
other dilute-like coat colour mutations were also associated with 
an ecotropic virus genome, we analysed DNA of the dilute- 
lethal (d') and ashen (ash) mutant mouse strains. The dilute- 
lethal mutation is a spontaneous chromosome 9 mutation at the 
d locus that occurred ina C57BL/Gr mouse and resulted in both 
a coat-colour and a behavioural change’*. The d' allele is now 
carried congeneic in a linkage testing stock, DLS/Le, denoted 
+/+ in Fig. 5. Homozygous d' mice die at approximately 
16-21 days of age (P. W. Lane, personal communication). Poull 
digestion and Southern blotting of DNA prepared from 14-day 
old d'/d' and control (+/+) mice produced no detectable 
ecotropic MuLV DNA sequences (Fig. 5). In addition, restric- 
tion analysis of DNA from C3H/HeSn mice carrying the ashen 
(ash) mutation (a spontaneous dilute-like coat colour mutation 
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that occurred in the C3H/HeSn strain and is closely linked to the 
d locus) showed no detectable differences from control (+/+ ) 
mice (Fig. 5). These results indicate that the dilute-like coat 
colour mutations arising in these two strains are not causally 
related to the presence of ecotropic MuLV genomes. 


Forward and reverse mutation rates 
at the d locus 


In 1967, Schlager and Dickie’ reported the results of a study, 
based on the examination of 3.5 million inbred and F, hybrid 
mice, to determine the spontaneous mutation rates (both for- 
ward and reverse) at each of five specific coat-colour loci 
(nonagouti, a ; brown, b; albino, c; dilute, d; and leaden, In). No 
detectable differences in the forward mutation rates (8.9 x 10°° 
mutations per locus per gamete) among the loci were detectable 
(after correction for a relatively small number of gametes tested 
at the a locus). Examination of back-mutation rates indicated 
that a and d loci back-mutate at a significantly higher rate than b 
and c loci (4.7x 10° (a) and 3.3«10~° (d) compared with 
<0.6x10™ (b and c)). The number of gametes tested at the /n 
locus was too small to determine a back-mutation rate. 

If the dilute mutation of DBA mice had originally been 
induced by virus integration, then reversion to wild-type coat 
colour may be the result of deletion of all or part of the virus 
genome. As the DBA ecotropic provirus is terminally redundant 
(determined by PstI digestion; data not shown), analogous to 
prokaryotic and eukaryotic transposable elements, these viral 
DNA sequences may be lost by homologous recombination. A 
mutation which may be analogous to dilute was reported to 
occur in yeast by insertion of the transposable element Ty! into 
a 5'-noncoding region of the his4 gene'’. Reversion to a wild- 
type his4 phenotype resulted from excision of most, but not all, 
of the transposable element. 

Analysis of the DBA d*” revertant for ecotropic-specific 
viral DNA sequences did not allow us to determine whether all 
of the viral DNA sequences had been lost in the revertant strain 
because our hybridization probe recognizes only a 400-bp 
fragment from the env gene of AKR MuLV DNA. In future 
experiments we will determine the content of ecotropic MuLV 
DNA sequences present in the revertant strain and the 
mechanism by which these sequences were lost. In addition, 
Southern analysis of the d**’ revertant DNA did not detect any 
new ecotropic virus-specific DNA sequences that might have 
been present in the revertant strain had the virus sequences 
reinserted in a new site. However, as the d*” revertant was 
initially maintained by repeated backcrosses to normal DBA/2J 
mice (E. S. Russell, personal communication), any reinserted 


Minj 





Fig. 4 Characterization of the endogenous ecotropic MuLV 
sequences in DNA of inbred and mutant strains carrying the d 
allele. DNAs of three DBA substrains (DBA/J, DBA/2DeJ and 
DBA/2)J), five inbred strains (I/LnJ, P/J, BDP/J, SEA/GnJ and 
HRS/J) and two mutant strains (cw, curly whiskers; fd, fur 
deficient) were digested to completion with Prull and analysed as 
described in Fig. 2 legend. The bands indicated by (@) do not 
represent hybridization of the probe to cellular DNA sequences as 
the molecular weight of the fragment (3.9 kb) is unaltered by 
digestion with various restriction enzymes and is also detected in 
lanes lacking DNA but containing tracking dye. 
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Fig. 5 Characterization of the endogenous ecotropic MuLV 
sequences in DNA of mouse strains carrying a forward or reverse 
mutation at the d locus. The dilute-lethal mutant (d'/d') is 
homozygous for a forward mutation (+ +d’) at the d locus’ and 
the DBA revertant strain (DBA/2J d°*’) represents a spon- 
taneous reverse mutation (d+ +) which is now inbred and 
homozygous for the revertant allele. The ash coat colour mutation, 
which spontaneously arose in C3H/HeSn mice, is on chromosome 
9 linked to the d locus'*. DNAs of mutant and control mice were 
digested to completion with Puull and analysed as described in Fig. 
2 legend. The bands indicated by (@) do not represent hybridiza- 
tion of the probe to cellular DNA sequences (see Fig. 4 legend). 


sequences not linked to the d*” revertant allele would have 
been lost. 

In 1970, mice carrying the d^” revertant allele were made 
homozygous and have since been maintained by brother-sister 
inbreeding as a distinct subline of DBA/2 (E. M. Eicher, 
personal communication). It is conceivable that the deletion of 
the DBA/2J provirus occurred after, and hence independently, 
of the d*” reversion. This seems highly unlikely as the complete 
concordance of the DBA/2J provirus with the d mutation in 
many separately maintained inbred strains and 53 RI strains 
over many years indicates that such deletions are indeed rare. 
This possibility can best be tested by examining other d rever- 
tants. 

During the original study of Schlager and Dickie'*, four 
DBA/2J revertants of the d allele were identified and all were 
found to be allelic with the d locus. However, none of these 
reversions was maintained. Examination of the records cur- 
rently kept at the Jackson Laboratory for new DBA/2J d allele 
revertants indicated that mice of this phenotype are still 
identified (one or two new mutations per year per 300,000 DBA 
mice). We are currently screening the Jackson Laboratory DBA 
mouse colony for new d allele revertants. 

Finally, if the dilute mutation is the direct result of virus 
integration, the possibility exists that the integration of other 
ecotropic proviruses within the mouse genome may result in 
mutations as well. We are now analysing DNA of many mutant 
stocks for the presence of novel, integrated, ecotropic MuLV 
proviruses. Preliminary studies of this type have shown that at 
least one other coat colour mutation is closely associated with 
unique ecotropic MuLV DNA sequences. 
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Cloning of a representative genomic library of 
the human X chromosome 
after sorting by flow cytometry 
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A library of 50,000 recombinants representative of the human X chromosome has been constructed. Human X 
chromosomes were physically separated using a fluorescence-activated cell sorter. The DNA was purified from the 
chromosomes, digested to completion with the restriction enzyme EcoRI and cloned into the phage AgtWES.AB. The 
X-derived nature of the recombinants was confirmed by hybridization to rodent/human cell line DNA containing only the 
human X chromosome. Such libraries will be particularly useful for the investigation of genetic diseases such as Duchenne 
muscular dystrophy, where the basic defect has not been elucidated, and of neoplasia, where several specific chromosomal 


anomalies, particularly for the leakaemias, have been identified. 





MOST partial chromosome-specific libraries have so far been 
isolated using human-rodent hybrid cell lines’~°. However, such 
procedures will only be applicable if the human chromosome of 
interest is stable in the hybrid cell. Even so, using this technique, 
only ~50% of the X-chromosomal DNA sequences can be 
identified, as there is considerable sequence homology between 
these sequences from mouse and human’. The use of 
chromosome-specific highly repetitive sequences, as applied to 
the Y chromosome’”, will only allow the isolation of a small 
proportion of the total chromosome-specific DNA, and will of 
necessity exclude clones containing coding sequences not 
adjacent to repetitive sequences. The cloning of the entire 
cellular genome to give a complete library (as, for example, for a 
48. XXXX cell line’) allows the isolation of chromosome- 
specific probes, but a very large number of clones must be 
screened before a small number of specific sequences can be 
identified. Here we describe a more direct and simple approach 
for the cloning of genomic libraries containing sequences cor- 
responding to a large proportion of any single human 
chromosome. The method involves sorting X chromosomes 
from a human cell line, in this case a 48,XXXX cell line, on a 
fluorescence-activated cell sorter (FACS-ID. 


Chromosome sorting 


Metaphase chromosomes were prepared for flow cytometry by a 
previously described procedure which involves lysis of 
metaphase cells with digitonin in a buffer containing the poly- 
amines spermine and spermidine”. DNA-based cytophotometry 
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has suggested that the human X chromosome has a DNA 
content intermediate between those of chromosomes 7 and & 
(ref. 9). Unfortunately, it is not possible to karyotype the 
chromosomes by conventional banding techniques after sorting 
because the chromosomes are too condensed. To identify the X 
chromosome unequivocally, flow karyotypes were obtained 
from the diploid fibroblast cell line MRC-5, 46,XY, and from 
the lymphoblastoid cell line GM1416, 48,XXXX (Human 
Genetic Mutant Cell Repository, New Jersey). The results are 
shown in Fig. 1a,b; there is clearly a peak in the region of 
chromosomes 7 and 8 which is larger in the flow karyotype from 
the GM1416 cells. Computer analysis of these data indicates 
that the area of this peak is four times greater in GM1416 cells 
than in MRC-S5 cells and therefore may be attributed to the X 
chromosome. The assignment of the other human chromosomes 
to the peaks is based on a study which correlated centric 
heterochromatin polymorphisms with the corresponding flow 
karyotypes'’. In fact, the differences between the flow kary- 
otypes in Fig. la and b, other than that due to the X 
chromosome, are the result of such polymorphisms in the centric 
heterochromatin of certain chromosomes. 

Chromosomes corresponding to the peak due to the X 
chromosome were sorted from within the window shown in Fig. 
1b and re-analysed on the FACS-II. The fluorescence profile 
(Fig. 2) demonstrates the purity of the peak obtained from the 
initial sorting, as there is little contamination with chromosomes 
from outside the sorting window. The bulk of this sorted 
fraction will correspond to the X chromosome, with some 
contamination from chromosomes 7 and 8. Computer analysis 
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Fig. 1 Flow karyotypes from: a, MRC-5, 46,XY diploid fibro- 
blast cells; 6, GM1416, 48,XXXX lymphoblastoid cells. These 
results were obtained from metaphase chromosomes prepared by 
the protocol described in ref. 8. Chromosomes were stained with 
ethidium bromide (100 ug ml’) and excited with a Spectra-Phy- 
sics 164-05 laser producing an output of 1.5 W at 488 nm. The 
fluorescence was detected through a 550-nm filter and measured 
with an EMI photomultiplier tube. The positions of the human 
chromosomes giving rise to each peak are indicated and the 
horizontal bar indicates the sorting window used for the 
purification of the X chromosome. The data collected on the 
FACS-II were transferred to a Wang 2200S computer for analysis 
and are presented as relative quantities. 


of the flow karyotype in Fig. 1b suggests that this level of 
contamination may be ~10%. 


Cloning of sorted X-chromosomal DNA 


For the construction of the library, 210° copies of the X 
chromosome were sorted (400-500 ng DNA; sorted at 1,000 
chromosomes per min) and the sorted DNA was treated with 
proteinase K (50 ug ml~') and extracted with phenol-chloro- 
form. The addition of tRNA was essential for the ethanol 
precipitation but because it was found to inhibit the in vitro 
packaging, a minimum quantity was added (10 wg ml”'). The 
addition of large amounts of tRNA also inhibited the action of 
EcoRI restriction endonuclease. The sorted DNA was digested 
extensively with EcoRI and ligated to the arms of the vector 
AgtWES. AB (ref. 11). The ligated samples were packaged in 
vitro with a packaging efficiency of 10° plaque-forming units 
(PFU) per pg DNA”. The cloning efficiency was typically 10° 
PFU per ug of cloned insert. A total of 50,000 recombinants 
were obtained, containing a background of parental phage of 
<5%, as assayed by ligating and packaging the parental phage 
arms alone. To date, 90 recombinants have been picked at 
random from the library and screened by hybridization with 
nick-translated total human DNA. All of them give a positive 
hybridization signal and therefore contain a human DNA 
sequence insert, confirming that the background in the library 
due to parental phage is low. The average size of inserts is 7 
kilobases (kb) and clones have been identified with inserts in the 
range of 4-14 kb. Fragments of less than 2 kb or larger than 
14 kb ligated into this vector do not package into viable phage’; 
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however, these will represent only a very small proportion: 
X chromosome. i 


Identification of X-chromosome clones 

A large proportion of the human genome contains repetitive 
sequences'*. Pre-screening of the total X library with nick- 
translated human DNA’? indicated that ~70% of the recom- 
binants contained sequences repeated 150 times or more in the 
genome. Clones that did not show a hybridization signal in this 
assay were selected for further analysis in the hope of obtaining 
single-copy X-specific probes for use in the construction of a 
genetic linkage map of the X chromosome using restriction 
enzyme site polymorphisms. | 

The low-copy number human X-chromosome clones selected 
were characterized by hybridization of the purified recombinant 
DNA to human female DNA, DNA derived from a human- 
mouse hybrid cell line containing only the human X 
chromosome (HORL9.X42.2 (ref. 16), hereafter referred to as 
HORL9Y.X) and total mouse genomic DNA digested to 
completion with EcoRI using the Southern blot technique’’. 
Figure 3 shows three clones containing sequences which hybri- 
dize to fragments in total human DNA and HORLY.X DNA but 
not in mouse DNA. The presence of other copies of these 
sequences on autosomes cannot be excluded here. However, the 
hybridization times and autoradiography exposures for the 
majority of clones analysed, which give simple band patterns in 4 
Southern blot, are compatible with the presence of a single copy 
of the sequence per haploid genome. X-specific clones are being 
identified using gene dosage dot hybridization with DNA from 
the 48,XXXX cell line and male and female blood. These 
recombinants are now being used to detect associated restriction 
enzyme site polymorphisms. The size of the DNA fragments 
hybridizing in the Southern blots are identical to the size of the 
human inserts in the phage in each case, demonstrating that no 
DNA rearrangements have occurred during the cloning pro- 
cedures. The hybridization signal in the HORLY.X DNA track 
was often less intense than that observed in the human DNA 
track although the total amount of DNA biotted in each case was 
identical. This is probably explained by the presence in the 
HORL49Y.X cell line of only 1 human X chromosome and 60 
mouse chromosomes (P. Goodfellow, personal com- 
munication), compared with 2 X chromosomes and 1 pair of the 
22 autosomes in the human female reference DNA. 

Several clones contain fragments which hybridize to repetitive 
sequences in the mouse genome even after high-stringency 
washing of blots (0.1 x SSC, 65 °C), indicating a high degree of 
conservation of some repetitive DNA during evolution. Figure 4 
shows an example of two such clones, hybridizing to both mouse 
and human repetitive sequences. In Fig. 44 the human track 
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Fig. 2 The flow analysis of chromosomes sorted in the window 

indicated in Fig. 1%. The chromosomes were restained with ethi- 

dium bromide and analysed in the same conditions as for Fig. 1. 

This fraction was used for the construction of the phage DNA 
library. 
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Fig. 3 The pattern of hybridization of recombinant phage DNA 
to DNA from human female blood (A), HORL9Y.X cell line (B) and 
mouse DNA (C). DNA (10 wg) was digested with EcoRI, elec- 
trophoresed through agarose and transferred to nitrocellulose’ ’. 
Phage DNA were prepared’? and nick-translated to a specific 
activity of 10°c.p.m. per pg (ref. 22). Blots were hybridized at 
65°C for 30h in 3xSSC, 0.1% SDS, 100 ugml denatured 
herring sperm DNA, 50 yg ml ' poly(A). (SSC is 0.15 M NaCl, 
0.015 M Na citrate, pH 7.0.) After hybridization, blots were 
washed with 3 x SSC, 0.1% SDS at 65°C and finally with 0.1 x 
SSC, 0.1% SDS also at 65 °C (refs 20, 21). Autoradiography was at 
-70°C for 18h for track A and 36h for tracks B and C. All 
manipulations of recombinants were carried out in CII contain- 
ment conditions in accordance with the GMAG guidelines for 
recombinant DNA research. 
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Fig. 4 The pattern of hybridization of recombinant phage to 

DNA from human female blood (A), HORL9.X cell line (B) and 

mouse (C). The conditions of hybridization are detailed in Fig. 3 

legend. Autoradiography was carried out at -70 °C for 18 h. For 
explanation of a and b, see the text. 





shows extensive hybridization with repetitive sequences not 
evident in the HORL9.X or mouse DNA which presumably 
must be present on human autosomes as well as the X 
chromosome. The single band seen in the human, HORL9.X 
and mouse DNA tracks in Fig. 4b and the repeats present in all 
tracks in Fig. 4a may not, of course, be present on the X 
chromosome. This is now being investigated by gene dosage 
using DNA isolated from the GM1416 cell line (48, XXXX), 
and from female and male blood. 

Only 1 clone out of 30 so far characterized with the HORL.9X 
cell line gave no signal with either HORL9.X or mouse DNA. 
This sequence may be derived from human chromosomes 7 or 8 
or a portion of the X chromosome absent from the cell line, and 
indicates the purity of the sorted X-chromosome peak from the 
FACS-II sorter. Twenty-seven clones hybridized to HORLY.X 
and human DNA but not to mouse DNA and six of these 
hybridized as single copy sequences. Two clones hybridized as a 
smear to HORLY.X, human and mouse DNA and therefore 
could not be assigned to the X chromosome by this technique. 


Closing remarks 


A library of 50,000 recombinants has been constructed from X 
chromosomes sorted on a FACS-II cell sorter. In view of the 
high purity of the sorted chromosomes and the average size of 
the cloned DNA fragments, this library contains sufficient 
sequences to ensure that the most of the X chromosome is 
represented '*. Sequences giving either single bands or smears in 
Southern blot analyses have been identified. Some repetitive 
sequences may be X specific and many show homology to 
sequences on the X chromosome as well as autosomes. Several 
fragments show a high degree of homology with mouse genomic 
repetitive sequences. X-chromosome clones from this library 
which give single bands in Southern blots have been charac- 
terized and are now being used to define DNA sequence poly- 
morphisms suitable for the genetic analysis of sex-linked dis- 
eases such as Duchenne muscular dystrophy. The extension of 
this technique to the cloning of gene libraries of each human 
autosome does not require the preparation of human-rodent 
cell lines and should become easier with the use of different 
fluorescent dyes for sorting. Autosome-specific libraries will 
thus be available to study genetic diseases and chromosomal 
rearrangements in all human chromosomes. 

This work was funded by the Cystic Fibrosis Research Trust, 
the MRC and the Cancer Research Campaign. We thank Rory 
Sillar and Pauline Taylor for technical assistance, Dr Peter 
Goodfellow for the gift of HORL9.X cells, Dr Robb Krumlauf 
for advice in the cloning and Dr Julian Crampton for useful 
discussions. 
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The nearby interstellar medium 


P. C. Frisch 


Laboratory for Astrophysics and Space Research of the 
Enrico Fermi Institute, The University of Chicago, Chicago, 
Illinois 60637, USA 


The high dispersion spectrometer on board the International 
Ultraviolet Explorer (TUE) satellite was used to observe inter- 
stellar absorption lines in Rasalhague (œ Oph). This star is 
located 18 pc from the Sun in the direction of the North Polar 
Spur, a prominent radio continuum feature in the Ophiuchus 
region of the sky. The satellite results, combined with previous 
interstellar line data and observations of the ‘local interstellar 
wind’ and soft X-ray emission, support earlier suggestions that 
the Sun is immersed in a supernova remnant which may be an 
extension of the ‘Loop I’ or ‘North Polar Spur’ supernova 
remnant seen in the Scorpius~Ophiuchus region of the sky. 

Rasalhague is a bright unreddened A-type star (AS HI, 
V = 2.1 mag) which has interstellar lines sharply defined against 
stellar absorption lines because the star rotates rapidly (v sin i = 
218 kms‘). The interstellar lines are also offset from the stellar 
lines with respective central velocities of —26 and +13 kms‘. 
The interstellar line velocity near -26 kms‘ (all velocities are 
heliocentric unless otherwise indicated) is well determined by 
high resolution optical observations which show only one neu- 
tral interstellar cloud in front of Rasalhague'’. It has been 
pointed out previously’ that this cloud has about the same 
velocity as the ‘local interstellar wind’ (see below), and therefore 
must be local. It will be referred to here as the ‘local gas’. 

Four long wavelength (LWR) and three short wavelength 
(SWP) high dispersion IUE exposures were made of this star. 
The individual exposures were numerically summed after they 
had been checked for defects, unrecognized reseaux marks and 
so On in the vicinity of the individual lines, and the equivalent 
widths were measured with a planimeter from the stacks (see 
Table 1). 

Column densities were calculated from the equivalent widths 
using the Stromgren curve of growth, which relates the optical 
depth in the absorption line to the number of absorbing particles 
as a function of the Doppler constant b, and are listed in Table 
1*. All lines were assumed to be broadened intrinsically by 
b=4-5kms"™'. The Fe” data do not permit a b value 
significantly outside this range as the weakest Fe* absorption 
lines fall on the unsaturated shoulder of the curve of growth. The 
strong Mg” lines fall on the saturated portion of the curve of 
growth, however, resulting in large errors on these column 
densities. 

The local gas has been observed in front of many of the more 
distant stars in Scorpius and Ophiuchus and, in particular, in 
front of ¢ Oph and y Oph which are 180 pc from the Sun’. 
High resolution optical and UV observations have been made to 
separate this weak local feature from the stronger background 
feature near ~15kms”™' in the spectra of these two stars. 
Column densities of six ions in the local gas in the directions of 
the stars a Oph, ¢ Oph and y Oph, as found from these obser- 
vations, are listed in Table 2, as well as the amount of neutral 
hydrogen associated with the local gas in these directions. The 
amount of neutral hydrogen in front of a Oph was derived from 
an integration of the 21-cm emission found between the velo- 
cities of ~23 and —33kms"' in this direction’. This column 
density is listed as an upper limit as part of that emission may 
come from behind this nearby star. 

An estimate can be made of the average density for the 
interstellar material in front of a Oph. Assuming that the iron 
abundance in front of a Oph lies between the range of values 
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defined by ¢ Oph and y Oph, the column densities in Table 2 
indicate an average hydrogen density in that direction of n = 
0.08 +0.05 cm™°. This estimate in the direction of œ Oph agrees 
well with the interstellar density range of n = 0.1-0.15 em” 
found from La absorption studies of three stars within 3 pe of 
the Sun at several locations throughout the sky®. Furthermore, 
this similarity in densities for these nearest stars and a Oph, at 


18 pc, suggests that the interstellar material in front of a Oph i 
has a relatively uniform density distribution. These observations 


of the nearest stars also provide an estimate of the temperature 
of the local gas. The velocity dispersion parameter giving the 
best fit to these La absorption lines corresponds to temperatures 
of 94x 10°K, indicating that the gas must be warm”, 

The column densities listed in Table 2 were converted to 
abundances by normalizing to the neutral hydrogen column 
densities. These abundances are listed in Table 3, along with the 
cosmic abundances of the parent elements. They are close to the 
values expected for cosmic abundances, in contrast to the same 
ratios found in a ‘typical’ diffuse cloud (also listed). (The ‘typical’ 
ratios are based on the values found in the background stellar 
cloud in the direction of ¢ Oph’.) 

This variation between the abundances in the local cloud and 
a typical cloud is probably not an artefact of unknown ionization 
conditions. Uncertainties in the ionization could affect these 
ratios in two ways: either substantial quantities of the trace 
elements could be present in ionization states not listed in Table 
3, or most of the hydrogen could be ionized. The former 
possibility can be definitely excluded because, except for Ca’, 
the elements listed in Table 3 represent the dominant ionization 
states in neutral interstellar gas where photons of energies 
greater than 13.6 eV are excluded. Also, the data in the direc- 
tion of ¢ Oph exclude more than 10% of the iron in the line of 
sight from being in alternate ionized states, and the Fe” that is 
present is located in the H U region around the star". The second 
possibility, that large amounts of ionized hydrogen in the line of 
sight cause distorted abundances, also does not seem to be 
likely. Data on the interstellar gas nearest the Sun indicate that it 
could be up to 50% ionized (see below), but even with 50% 
ionization the local gas iron abundance, for example, does not 
approach the ‘typical’ cloud abundance. Therefore, the abun- 
dance anomalies in the local gas must be real. 

What is the cause of these abundance anomalies? All the 
metals discussed above are mildly refractory elements, that is, 
they have condensation temperatures generally larger than 
1,000K. One of the initial results of the Copernicus satellite 
showed that the refractory elements have a widespread under- 
abundance, typically by orders of magnitude, with respect to 
cosmic abundances in many diffuse interstellar clouds’. The 
explanation given for this underabundance is that these missing 





Table 1 IUE observations of Pasdihaghe 
Equivalent 
Arab Oscillator width No, of log. N 
Element (A) strength (mÅ)  exposures* (em ®t 
Fe* 2,599.395 0.203 143 +24 3 13,78 4015 
2,585,876 0.0573 81+17 3 
2,382,034 0,328 155+ 50 3 
2,343.495 0.108 122 +24 3 
Mg”  2,852.127 1,90 <40 3 <11,47 
Mg”  2,802.704 0.295 245+80 3 15.0140.73 
2,795.528 0.592 208424 3 
Mn“ 2,576.107 0.288 <50 3 <12.5 
Al” 1,854.7 0.539 =26 1 <12.20 





* The numbers of exposures averaged into the final stacks of each line. 
t All column densities were calculated by fitting the available absorp, 
tion lines to curves of growth with 4 =4-5 kms” 
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Table 2 Column densities in local cloud 





erat 


log N (em?) 

Ion a Oph* ¢ Oph? y Opht 
H° = 19.568 18.88 - 19.30 
Na? 10.48 (ref. 1) 11.20 (ref. 1) <= 10.93 
Me” 15.01 14.57 — 
Ca” 11.18 10.85 11.54 
Ti 11.22 (ref. 2) 11.48 (ref. 2) 11.8 
Mn" <12.5 12.53 —— 
Fe* 13.78 14.21 14.00 





Column densities shown are those of clouds with velocities —25, —27 
to —30 and ~26 kms ', for a Oph, ¢ Oph and y Oph, respectively. 
* See Table 1. t Ref. 7. t Ref. 13. § See text. 


elements are locked up in the interstellar dust grains found 
throughout space. However, there is a class of low mass clouds, 
known as ‘high-velocity clouds’, which share this property of 
possessing nearly cosmic abundances of refractory metals’. The 
abundance ratios in Table 3 establish that the local gas has 
high-velocity cloud-type abundances. High-velocity cloud 
abundances are believed to be caused by the disruption of the 
interstellar grains in a shock front, the amount of disruption 
depending both on grain material and shock velocity’’. For 
example, interstellar grains composed of ice, silicates or iron can 
be mostly destroyed, with the grain material returned to the gas 
phase, by the passage of shock fronts with velocities of 
<100kms"', while graphite grains are partially destroyed at 
these velocities'*. The low velocities observed for the local gas 
(10-20 km s™' in the local standard of rest) indicate that the local 
interstellar gas has slowed substantially since the passage of the 
shock front, but the unusually high gas-phase abundances 
remain. 

Independent geometrical evidence supports the idea that the 
local interstellar medium may have been processed through a 
shock front. It has been suggested, because of the location of 
a Oph in the direction of the North Polar Spur, that the Loop I 
supernova remnant has processed the interstellar material near 
the Solar System'*. The centre of this supernova remnant lies 
near the galactic coordinates / = 330° and b = +18°, and has a 
diameter of ~115° with the centre located ~130 pc away'* $, 
This would place the original explosion somewhere in the near 
side of the Scorpius—Centaurus association, and the remnant 
would have encountered a density gradient as it expanded. It 
would have expanded slowly and for relatively short distances in 
the directions away from the Sun as it encountered the large 
amount of interstellar material of the Scorpius—Centaurus 
association. However, it would have expanded rapidly and to 
greater distances in directions towards the Sun where it would 
have encountered little resistance from interstellar material. 
Thus we see that the Loop I remnant possesses the correct 
geometry to have enveloped the Sun. 

There are two other entirely different sets of data available on 
interstellar material near the Sun. The first set are extensive 
observations of the ‘local interstellar wind’ which show that the 
neutral material immediately around the Sun is warm and partly 
ionized. The second set comprise the sky maps of soft X-ray 
emission which show a widespread million degree plasma 
around the Sun such as expected for the interior of a supernova 
remnant. These additional data are discussed below. 

The term ‘local interstellar wind’ refers to the neutral inter- 
stellar gas which flows into the Solar System from an apparent 
direction rather near the solar apex. This material has been 
mapped throughout the sky in hydrogen Lya and He 584A 
emission, where the emission results from solar line radiation 
which has resonantly scattered off the neutral material (which 
might penetrate, typically, to within a few AU of the Sun before 
becoming ionized). Theoretical interpretations of these maps 
indicate that the local interstellar gas, before interacting with the 
Solar System, can best be described by a hydrogen density 


of ny=0.08+0.02cm™“*, a helium density of y= 
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0.013 + 0.03 cm”, and a temperature of T = 10+ 5 x 10°K. The 
hydrogen gas may be partially ionized if the H/He ratio is 
cosmic, implying that the total particle density outside the Solar 
System is no = 0.15 + 0.03 cm `°. The best velocity vector for the 
local wind indicates that it has a heliocentric velocity of 25+ 
5kms”’, in the apparent upwind direction of a (1950) =225° 
and 6 (1950) =~16° (refs 16-22). 

The local gas described here has a velocity that corresponds to 
the material which produces the local interstellar wind”. The 
local wind velocity vector projected in the directions of a Oph, 
¢ Oph and y Oph yields velocities of —22, —25 and —25+ 
5Skms™', respectively, which compare well with the velocities 
found from the Na’ optical absorption lines, which are —25, —27 
to —30 and —26 kms’, respectively’. The star a Oph, which is 
the furthest from the upwind direction (>20° away), shows a 
velocity in the optical absorption lines slightly below the pro- 
jected local wind velocity vector. This difference may reflect 
internal motions within the local gas. Also, the average density 
in front of a Oph, n = 0.08+0.05 cm™, is consistent with the 
local wind value, and again shows that the local neutral material 
is at most mildly clumped near the Sun in this direction. 

The detailed physical state of the local neutral gas is fixed by 
these local wind observations as a low density, warm, and 
possibly partly ionized material, corresponding to the warm 
neutral material predicted to form where the properties of 
interstellar gas are dominated by violent supernova activity '*. In 
the McKee and Ostriker interstellar medium mode!” the warm 
neutral gas has the approximate parameters n~0.4cm™, 
T = 8,000K and is about 15% ionized, with the temperature and 
ionization maintained by soft X-ray photons. These conditions 
correspond reasonably well with those found for the local 
neutral gas. It is shown below that there is observational evi- 
dence for the nearby hot plasma required as a source of the soft 
X-ray photons. 

Recent soft X-ray sky surveys have found that low-energy 
X-rays (energy <0.3 keV) are emitted by a million degree 
plasma which surrounds the Sun, and which has in front of it no 
more than 5x 10'’ cm™* column density of neutral material**. 
However, the local wind observations discussed above indicate 
that this million degree plasma is not the closest material to the 
Sun. On the basis of the velocity information discussed here, we 
see that the a Oph cloud is related to the local wind material; 
this view is then consistent with the X-ray observations as the 
neutral hydrogen column densities in the local gas all seem to be 
under this 5x 10° cm™ limit set by the soft X-ray data (see 
Table 2). The million degree plasma which explains the soft 
X-ray emission also accounts for the shock front which was 
invoked above to explain the unusual depletions in the local gas. 
Furthermore, it provides the necessary source of soft X rays to 
maintain the warm neutral gas. On the basis of these X-ray data, 
Sanders etal.** and Davelaar er al.*° have suggested that the Sun 
is immersed in a separate local supernova remnant. A simpler 
explanation is that the Loop I supernova remnant has expanded 
to encompass the Solar System. 


Table 3 Abundances with respect to hydrogen 





Local 
gas cloud* Cosmic Typical 
Ion a Oph ¿č Oph x Oph = abundance? abundancet 
Mg* >2.8x10° 4.9x 107° ae. “HOR IO. TAx 
Ca” >4.2x10°? 9.3x10°° 17x10 28x10“ 1.9x107'° 
Ti’ >4.6x1077 25x107% 3.2x10% 88x10" 37x107 
Mn“ ME MAO = 3.4x10°7 1.0x107° 
Fet >1.7x10°° 2.1x10 5.0x10°° 3.4x10°° 4.5x107° 


* This corresponds to the clouds with velocities —25, —27 to —30 and 
~26 kms! for a Oph, č Oph and y Oph, respectively. 

+ These values are the cosmic abundance of the parent elements, with 
respect to hydrogen”. 

+ The prototype ‘typical’ diffuse cloud is taken to be the main back- 
ground cloud in front of ¢ Oph’. 
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From the various data, an overall picture of the interstellar gas 
near the Sun emerges. The optical and UV data summarized 
above confirm that the nearest 18 pc of interstellar material in 
the direction of the Ophiuchus constellation has a composition 
of refractory elements more like the cosmic abundance of these 
elements than the high depletions ordinarily found in diffuse 
clouds. This type of composition, common to a cloud class 
known as ‘high-velocity’ clouds, can be explained by the 
processing of interstellar material through a shock front such as 
that associated with a supernova remnant. However, the low 
velocity of the material indicates that this supernova remnant 
has slowed down since the passage of the shock front. 

These data have been interpreted in the context of the McKee 
and Ostriker model of the interstellar medium. An alternative 
interpretation is that density-dependent accretion of gas phase 
species onto grains, instead of shock-front activity, controls the 
depletions in this low-density and low-velocity cloud. The exis- 
tence of such a process has been inferred from observed cor- 
relations between the depletions of Ti” and Fe" and the average 
gas density in a line of sight*”*. The relative geometries of 
Rasalhague and the Loop I remnant, combined with the X-ray 
data, provide strong evidence for an ambient supernova 
remnant and support the shock front interpretation. However, 
the slow rate of accretion in low-density clouds explains why the 
elements have ‘not yet recondensed on to the surface of the 
grains in this relatively evolved supernova remnant. 

Observations of the local interstellar wind as well as stars 
within 3 pc of the Sun show that this gas is warm (T ~ 10,000K) 
and may be up to 50% ionized. The local gas also has a density 
n ~ 0.1 cm™, and may either be mildly clumped near the Sun or 
distributed uniformly in front of a Oph. The soft X-ray data 
imply that the Sun is surrounded by a million degree plasma, but 
the local wind observations establish that this plasma must be 
behind the local neutral material. The total column density of 
neutral material associated with the local gas (% 101° cm~’) is too 
low to shadow the soft X rays, and is consistent with the X-ray 
results that <5 x 101° cm™ of neutral material is between the 
hot plasma and the Sun. 

These data form a consistent picture in which the Sun is 
immersed in the near-side of the Loop I supernova remnant. 
The shock front which processed the local gas would have been 
associated with the outer envelope of this remnant, and would 
have passed the Solar System some time in the past. The 
supernova remnant would have expanded asymmetrically 
because the parent star exploded on the near side of the Scor- 
pius—Centaurus association. What now remains surrounding the 
Sun is the hot plasma that is interior to this remnant, and 
intermixed in some way with warm neutral material, some of 
which now immediately surrounds the Sun, and yields a high- 
velocity cloud interstellar spectrum which we see projected 
against the background stars in this region. 

Combining the several sets of data suggests that this remnant 
has an age of ~2 Myr. Sanders et al.”, Davelaar et al.’ and 
Iwan?’ interpret the X-ray data as indicating a Loop I remnant 
age of <2 x 10° Myr. On the other hand, the Be’® concentration 
in deep sea sediments has been constant to within +30% during 
the last 2 Myr, indicating that there has been no strong cosmic 
ray production near the Sun within that period”. If both of these 
age limits are correct, then the Loop I remnant must be of the 
order of 2 Myr old. 

This work was supported in part by NASA. P.C.F. is a guest 
investigator with the TUE satellite. 

Note added in proof: Additional data and arguments for the 
occurrence of both ionized and neutral interstellar material near 
or around the Solar System have recently been presented (see 


refs 32-35). 
} Received 18 May; scoepted 30 July 1981 
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Evidence for an X-ray period 
in the ‘Sco-like’ source 280614+ 091 


N. Marshall & J. M. Millit 


A-ray Astronomy Group, Physics Department, 
University of Leicester, Leicester LE] 7RH, UK 


A class of galactic X-ray source exists whose members show 
properties which have many similarities to those of Sco X-1, the 
brightest source in the X-ray sky’. The X-ray emission from 
such sources bs widely believed to arise from the transfer of 
matter on to a compact object in a close binary system, but 
despite extensive observations in many regions of the electro- 
magnetic spectrum there has been little direct evidence to 
support this view. A study of the temporal behaviour of these 
Sco-lke sources, using data from the Ariel V Sky Survey 
Instroment (SSI) is in progress; we report here the results of a 
detailed analysis for one such source, 280614+09L, which 
undergoes significant variations tn its X-ray intensity consistent 
with a period of §.2+0.3 days. This is the first discovery of a 
periodic modulation in the X-ray emission from this class of 
source and, despite problems regarding the mass-transfer 
mechanism, provides evidence for their binary nature. Our 
result has wider implications if 250614 +091 is confirmed to be 
an X-ray burster. 

The X-ray emission from 280614 +091 is highly variable; 
measurements by the Uhuru‘, Copernicus’, OSO 8 (ref. 6), 
SAS 3 (ref. 7) and Ariel V’ satellites have indicated a general 
level of variability of between ~5 and 30 SSI counts per second 
(c.p.s.) (1 SSI c.p.s,m 5.1107"! erg cm? s~! averaged over 2- 
10 keV for a Crab-like spectrum). However, any characteristic 
time scales of variability have remained largely undefined; 
indeed, quiescent periods of X-ray emission, lasting for up to 
~8 days, have also been noted’. 280614+091 has been 
identified" with a faint (B ~ 18.8 mag) blue star showing an UV 
excess and an emission feature associated with the C mI/N m 
blend (AA 4,640-4,650) superimposed on an otherwise flat 
continuum. The optical magnitude has also been shown to be 
variable*, On the basis of its optical appearance and correlated 
X-ray intensity/spectral hardness variations, 250614 +091 has 
been included as a member of the class of X-ray source with 
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Table 1 SSI observations of 250614 + 091 
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Comments 


Quiescent period of X-ray emission. Mean flux ~15 c.p.s. No evidence of 
variability. 
Mean flux ~20 c.p.s. Marginal variability and wide peak in y` distribution 


centred on ~4.6 days. 


Flux strongly modulated: see Fig. 2. 
Flux strongly modulated: see Fig. 2. 
Quiescent period of X-ray emission. Mean flux ~10 c.p.s, No evidence of 


variability. 


Data Modified Julian + calendar Period 
set o dates of observation (days) 
1 42,402-42,414 December 1974 — 
2 42,488-42,502 March 1975 a 
3 43,093-43,115 November 1976 §.5+0.6 
4 43,397~43,421 September 1977 5.00.6 
5 44,091-44,103 August 1979 on 
6 44,129-44,151 September 1979 $.1+0.4 


Flux strongly modulated; see Pig. 2. 





properties similar to those of Sco X-1. This class also includes 
281702 — 363 (GX349+ 2; Sco X-2), 281728 — 169 (GX9 +9), 
251735 — 444, 281758-250 (GX5-1) and 281813-140 
(GX17+2) and as yet”’® no significant periodic modulation in 
the X-ray flux from these sources, which would substantially 
support their membership of close binary systems, has been 
reported. 

The present X-ray observations were made with the high 
energy (2-18 keV) detector system of the Leicester University 
SSI on board Ariel V between November 1974 and February 
1980. Details of the instrument and data reduction techniques 
have been published elsewhere'''’. The X-ray light curve of 
280614 +091 is shown in Fig. 1; the source is clearly variable. 
To quantify this variability and to investigate the possibility of 
periodic behaviour we have examined those data sets for which 
there was sufficient duration and sensitivity for a search for 
periodic modulation of the X-ray flux to be made. The accept- 
able data sets, listed in Table 1, consisted of data spanning 
typically 20 days. These were examined with maximum time 
resolution by subdividing the data into single-orbit fluxes (of 
duration ~90 min). For each data set these fluxes were folded 
into 10 phase bins over a series of trial periods in the range 
0.5-8.0 days (these limits were chosen bearing in mind the SSI 
time resolution and lengths of the data sets) and for each trial 
period a simple y’ test was applied against the hypothesis that 
the binned data did not differ significantly from the mean value 
for that set. To support our belief that any periodicities indicated 
by the y” tests were in fact real and not due to any peculiarities in 
our data sampling, a series of data were simulated having 
identical temporal coverage but with fluxes which were dis- 
tributed randomly with a gaussian envelope about the mean 
source flux. These simulated data sets were folded in the same 
manner and identical y” tests were performed. 

For three of the six acceptable data sets for 280614 +091 the 
results of the y’ tests indicated a significant flux modulation. The 
x° versus period distributions for these sets are shown in Fig. 2: 
in each case a significant peak occurs in the range 5.0-5.5 days. 
The corresponding X-ray light curves are also presented in Fig. 2 
and although they are masked occasionally by random vari- 
ability on shorter time scales, show clear evidence for a periodi- 
city in the above range. The remaining data sets showed no 
evidence for any significant modulation of the X-ray flux; the 
corresponding light curves indicated that the X-ray emission 
during these observations was at a low level of ~15 SSI c.p.s., 
consistent with the previously reported quiescent periods of 
X-ray emission from 280614+091 (refs 1, 5). However, 
because of their lower intensity and reduced statistical 
significance, the detection of a modulation at the same level in 
the X-ray flux during these stretches of data would be difficult to 
make. No peaks in the resulting y” versus period distributions 
were found for the simulated data sets, the y” values being 
significantly lower than for the actual data of sets 3, 4 and 6. 
Although no formal probability of the source modulation at the 
detected period can be made because of the contribution to x? 
values from chaotic variability in the source, the tests on the 
simulated data show quite clearly that the y* peaks found in the 
280614 +091 data cannot have arisen by chance nor can they be 
an artefact of the method of analysis or the observation sampling 


intervals. Therefore we conclude that the ~5.2 day period is 
probably real. 

Due to the uncertainties in the individual period deter- 
minations being comparitively large (see Table 1} we could not 
obtain a more precise value by interpolation between separate 
data sets (as was previously used with SSI data to refine the 
period of A1907 +09 (ref. 13). We therefore take the period, 
based on the weighted mean of the initia] determinations to be 
5.2+0.3 days. This value is consistent with the known short 
periods of many luminous X-ray sources and may be interpreted 
as being due to orbital motion in a close binary system. 
However, this interpretation meets a serious difficulty concern- 
ing the mechanism of mass-transfer. 

There is increasing observational evidence that the Sco-like 
group of sources may simply represent a sub-set of the class of 
X-ray source, the ‘galactic bulge’ sources (although this 
terminology is misleading as many members of the class lie well 
outside this region-——for a review of the galactic bulge sources, 
and references, see ref. 14). The standard model for this class of 
X-ray source, which also includes the more exotic objects such 
as X-ray emitting globular clusters, X-ray bursters and soft 
X-ray transients, involves the accretion of matter onto a 
compact degenerate X-ray star (in all probability a neutron star 
of mass My, ~ 1.5 M +) through the critical Roche lobe overflow 
of a late-type (later than GV) optical companion of relatively 
low mass (Mop © 1 Ma). For a low mass system of this type 
Roche lobe overflow can only occur for close binaries which 
have an orbital period P<0.5 days. This limit is set by the 
relationships between the orbital separation a, masses My and 
Mops and period P: 


a P K Mx + Mop . 
~ = 42] (—) (ee : ) 1 
i day M o l ) 
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Fig. 1 SSI X-ray observations of 250614 +091. Each data point 

represents a summation of data over typically a few days. Errors 

are +lo and include an estimate of the error due to uncertainties 

in the spacecraft attitude. The mean of the SSI observations is 
also shown. 
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Fig. 2 X-ray observations of 
280614+091 for data sets 3, 4 
and 6, which clearly indicate the . 
~§5.2-day periodicity. Each point 
repreecnts an integration of data 
over ~5h. For each data set the 


corresponding x versus period - 
distribution (for 9 df.) is shown. 


1,400 1,404 


2,132 2,136 2,140 
Modified Julian date-42,000 


and the approximate Roche lobe radius R,, given by™*:. 


~[0.38-0.2 lope (57*) Ja l 


with the requirement that Ry ~ Ræ. Optical observations of the 
counterpart of 250614 +091 (refs 5, 8) indicate that it is most 
because the spectrum is devoid of ordinary stellar features (that 
is the optical light is probably dominated by radiation from an 
accretion disk). For a period of 5.2 days, equations (1) and (2) 
give the ratio R,./R;,~0.1, thus ruling out the possibility of 
Roche lobe overflow. 

If the 5.2 day modulation in the X-ray emission from 
280614 +091 does reflect the binary period we must therefore 
look for an alternative mass-loss mechanism. Substantial mass 
loss from a system of such low optical luminosity through a 
strong stellar wind can probably be ruled out (but note strong 
winds in T Tauri stars’®). The possibility of episodic Roche lobe 
overflow in an eccentric binary system also seems unlikely, both 
because of the short circularization time scale for a close binary 
and because the observed ‘X-ray light curve does not resemble 
that which would be expected for an eccentric system. Although 
these arguments make it difficult to see how the 5.2 day period 
can represent the binary period of this system, note that similar 
problems have been encountered with the soft X-ray transients 
A0620 — 00 and Agi X-1 , both of which have established low 
mass companions ®Y _ Spectrophotometric measurements and 
observed high ratios of X-ray to optical luminosities have 
been interpreted as implying relatively large orbital separations 
in these systems'*"*, again posing problems for the mass trans- 
fer mechanism. Indeed,.. the suggested orbital periods for 


A0620 -00 and Aq! X-1 (7.8 and 1.3 days respectively?) 


confirm these relatively large separations and again give critical 


Roche surfaces too large to be filled by the unevolved late-type - 
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stars. The possibility exists that the X-ray sources in these 
systems (and in 280614 +091) are powered by some unknown 
mode of mass transfer. 

An alternative possibility, however, is that the 5.2 day 
periodicity reported here may not represent the orbital motion 
of the 280614 +091. system but rather the precession of an 
accretion disk around ‘the X-ray star. Such preceasing disk 
models have, been used to explain obeerved periodicities in Her 
X-1 (refs 21, 22) and suggested for LMC X-4 (ref. 23). Note that 
for both of these X-ray. sources the ratio of the long-term 
periodicity to the known orbital period is ~20. If a similar 
situation applies to 2S0614+091 then the ortibal period would 
be ~0.25 days for which Roche lobe overflow could then be an 
entirely plausible mechanism for mass transfer. 

Although radial yelocity measurements have shown the opti- 
cal counterpart of Sco X-1 to have a binary period of 0.79 
days?” our result. represents the first detection of an X-ray 
period for a source of the above group of Sco-like variables and 
therefore provides direct evidence for their binary nature. 
However, X-ray periods have been proposed for three X-ray 
sources which are similar in some respects to 280614+091. In 
addition to Aq! X-1 (ref. 20) and A0620 —00 (ref. 19) the soft 
X-ray transient Cen. X-4 has recently shown evidence for an 
~§8,2-h periodicity during its decline from maximum outburst 
Note that during their decay both Aq1 X-1 and Cen X-4 were 
observed to emit type I bursts**7’. If 250614 +091 is also a 
source of type I bursts (as has been suggested from two 
= ndent observations of X-ray bursts from its general loca- 

then our result supports the belief that X-ray bursters 
i occur in close binary systems, the observational evidence for 
which has so far been elusive. 

We thank Bob Hall, Bob Warwick, Mike Watson and Profes- 
sor Ken Pounds FRS for helpful discussions and Professor 
Walter Lewin for useful comments. The Ariel V project is 
funded by the UK’s SRC who also provided financial support for 
N.M. and J.M.M. 
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Since its discovery in 1955, Jupiter decametric emission has 
been extensively studied with ground-based instruments’, and 
more recently by planetary radioastronomy experiment on 
board the Voyager spacecraft*’. However, we are still far from 
understanding the origin of the emission, mainly because we 
have no direct information about the position and structure of 
the source, due to the low spatial resolution of instruments at 
those wavelengths. Previous theories have assumed that the 
source emission takes place along magnetic field lines, close to 
the local gyrofrequency. We propose here a method to test this 
hypothesis by studying interplanetary scintillations which 
modulate the emission when received on Earth, and quantify the 
predicted effects. Preliminary results indicate that the emission 
is probably spatially distributed and could occur along field lines, 
and that Io controlled A and B sources are on opposite sides of 
Jupiter. 

‘Inhomogeneities of electronic density, convected by the solar 
wind in the interplanetary medium, produce intensity fluctua- 
tions of radio sources called ‘interplanetary scintillations’ (IPS). 
They have long been used to study the spatial structure of radio 
sources in the range of a few tenths to a few arc seconds. On 
jovian decametric emission they give broadband intensity 
modulations with a characteristic time of about 1s (refs 4-6). 
The principle of our method is illustrated in Fig. 1. If the 
emission has a continuous frequency spectrum and the source is 
spatially distributed IPS will appear on the dynamic spectra as a 
modulation drifting in frequency, with: 


df Sf Vi (1) 
dt dé d, | 
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Fig. 1 Principle of the method. a, A single source emits at two 
frequencies f; and fz, close enough for IPS to be well correlated. 
Then IPS modulations are simultaneous at the two frequencies. In 
the case of continuous emission by the source between f, and f>, 
features with an infinite frequency drift appear in the dynamic 
spectra. b, Two spatially distinct sources emit radiation at f; and fa. 
At instant f,, a given part of the scintillating screen (box) produces 
IPS on radiation at f;. Convected by the solar wind, the same part 
of the screen will be seen later (at instant f) in front of the source at 
fz if fı and f, are again close enough for IPS to be well correlated. 
Then IPS modulations present a delay: 


equal to the time taken by the screen to move between the 
directions of the two sources. In the case of continuous emission 
between f; and fo, drifting features appear in the spectra. 


where Vis the solar wind velocity component parallel to the line 
joining the apparent position of the sources (projection on the 
sky of the source positions), and the other parameters are 
defined on Fig. 1. 

Our method studies the frequency drift of IPS or the time 
delay between IPS recorded at two different frequencies. From 
equation (1) we could obtain the apparent distance between the 
sources, projected on the solar wind direction, provided the 
other parameters V, and d, are known. The limits of the method 
will be due to the precision in our knowledge of V; and d.. 

V, can be calculated from the solar wind velocity and the 
geometry of the observation (solar elongation e, screen position, 
solar wind direction, apparent direction of the sources). The 
change in velocity with solar wind activity must be taken into 
account. But for the preliminary study we have used a velocity of 
400 kms” which is an average during periods of low solar 
activity. The distance to the scattering screen is more difficult to 
determine. At low frequencies, except for low elongations, we 
cannot assume that the screen is thin and near the point of 
closest approach. We have used computations for IPS at 
34 MHz (ref. 7) and, for a first calculation, assume that the 
screen is concentrated at the distance which gives the maximum 
contribution to IPS in the model. 

With V, and d, approximated as described above, we can give 
an order of magnitude of drift rates, taking the example of 
lo-controlled A and B sources’, which are assumed to occur 
close to the local gyrofrequency along Io field line which is east 
of Jupiter for lo-B emission (central meridian longitude (CML) 
~ 140°, d,, ~ 90°) and west for lo-A emission (CML ~ 230°, dy. 
~240°). The magnetic field is fairly well known from Pioneer 11 
measurements. The results from O, (ref. 8) and P11 (ref. 9) 
models give similar results. The absolute values of drift rate 
calculated from equation (1) are listed in Table 1, for both 
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Table 1 Absolute values of drift rate 


Predicted absolute drift rate at 23 MHz 


(MHzs_') 
s° lo-A Io-B 
30 4.0 3.2 
60 6.4 5.0 
90 7.0 5.5 
120 9.4 7.4 


sources and different solar elongations. We conclude that the 
effect leads to detectable delays. Moreover, with existing 
theories of jovian decametric emission, we can predict some 
simple qualitative effects which must be observed on IPS. 

(1) For given source, the sense of drift must reverse with the 
solar wind direction (with Vj). 

(2) Sources on the east and west sides of Jupiter will have 
opposite drift senses (Fig. 2a, c). Asource near the CML will not 
show any drift (Fig. 25). 

(3) If the source is on a field line rotating with the planet, the 
frequency drift will change during the few hours that the source 
is observed. 

(4) If the angular distance between the sources is frequency 
dependent (as in the case of emission along a field line, close to 
the local gyrofrequency), so is the frequency drift. 

Preliminary tests of the method have been performed. Wide 
band spectral observations of Jupiter decametric emission are 
continuously made in Nangay (France), with a very sensitive 
array’. From dynamic spectra which often show the presence of 
drifting IPS (Fig. 3) we can conclude that: 

The existence of measurable drift rates means that the source 
is distributed in space. 

In Fig. 3a, the absolute drift rate increases with decreasing 
frequency, in accordance with a source along a field line. 

For given solar wind direction, the drift sense is different for 
Io-A (Fig. 3a, c) and Io-B sources (Fig. 3b, d) and, due to the 
geometry of these four observations, corresponds to a Io-A 
source on the west side of Jupiter and Io-B source on the east 
side (the same side as Io in both cases). 

For a given jovian source, the sign of the drift rate reverses 
with the solar wind direction (Fig. 3a compared with c, Fig. 36 
compared with d), as predicted above. 

The magnitudes of drift rates in Fig. 3a, b for example are 
about —1MHzs' and 4.5 MHzs`' respectively, to be 
compared with about —7.5 MHzs ' and 7 MHzs ’ predicted 
from (1) if emission occurs along Io field line close to the local 
gyrofrequency, with the above defined approximations for d, 
and V,. This discrepancy is not very surprising, as we used rough 
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Fig.2 IPS observed in three configurations of the source, with the 

same solar wind direction. The source is supposed to lie along a 

field line (seen in projection on the sky): a, on the east side of 

Jupiter; b, at the central meridian longitude; c, on the west side of 

Jupiter. The arrows indicate the direction of decreasing frequen- 
cies along the field line. 
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Fig. 3 Dynamic spectra of jovian emission observed in Nangay. 
IPS direction is indicated by black arrows. The direction of the 
jovian ‘modulations lanes’, which cross the spectra with a far lower 
drift rate, is indicated by white arrows. a, Io-A source (CML 
~225°, d;, ~243°) observed on 17 November 1980 at solar 
elongation € ~51°E. IPS drift negatively. b, lo-B source (CML 
~157°, io ~95°) observed on 4 February 1981 at e ~125°E 
IPS drift positively. c, Io-A source (CML ~228°, 6), ~228°) 
observed 22 June 1981 at e ~91°W. IPS drift positively. d, lo-B 
source (CML ~133°, ¢;, ~99°) observed on 23 June 1981 at e 
~90°W. IPS drift negatively. 


approximations of V; and d, but further measurements will be 
necessary to decide whether it is significant. 

These preliminary observations show that IPS drifts can be 
explained by the spatial structure of the jovian source. They also 
give a very important check of the existing theory: the Io- 
controlled sources are spatially distributed with frequency (as 
predicted for an emission along a magnetic field line) and A and 
B sources are on opposite sides of Jupiter (as predicted if they 
occur along Io field line), However, the determination of drift 
rates from analogue records such as those of Fig. 3 is not 
accurate. A numerical cross-correlation method will be used in 
the future for an exhaustive quantitative study of the sources of 
jovian emission. Comparison of lIo-controlled and non- 
controlled emissions will be of special interest, as no satisfactory 
explanation has been proposed for the non-lo controlled 
sources. 
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‘Lion roars’ are intense electromagnetic whistler-mode waves 
which occur throughout the magnetosheath’. The emissions 
have a mean frequency near a few tenths of the electron 
gyrofrequency, a typical amplitude of 0.1 nT and occur in bursts 
with an average duration of a few seconds’. When played 
through a loudspeaker the emissions sound like a lion roaring, 
hence the name. We report here that analysis of simultaneous 
wave and plasma data obtained on the ISEE-1 satellite indicates 
that the waves can originate by cyclotron resonant instability 
with anisotropic magnetosheath electrons whenever the 
magnetic energy per particle, B*/877N, falls to values compar- 
able with the electron thermal energy. The variation in this 
critical energy for instability seems to be associated with the 
hydromagnetic mirror instability which in turn is excited by 
the observed pressure anisotropy in the magnetosheath ion 
population. 

Several mechanisms have previously been suggested’ for the 
origin of these intense emissions, each involving Doppler- 


shifted resonance at integral (n =0, +1,...) multiples of the 
resonant particle gyrofrequency: 
w—-KyVy=nQ, (1) 


In typical magnetosheath conditions (density, N, ~20 cm *?, 


magnetic field, B, ~20 nT) the characteristic scaling energy for 
wave-particle resonance F\y,=B*/8aN=50eV. Over the 
observed wave frequency band (w/Q_ ~0.1-0.5) the dominant 
cyclotron (n =1) resonant electrons have energies Eye- = 
Exy(Q_/w)(1—w/0_)* (refs 3,4) of 10-300 eV while Landau 
(n = 0) resonant electron energies FE, -= Ey(w/Q_)(1 —w/2_) 
are ~10 eV. As both are comparable with the electron thermal 
energy (E: ~ 30 eV), a significant fraction of the magnetosheath 
electrons can resonate with the waves, leading to rapid wave 
growth or damping. Alternatively, cyclotron or Landau 
resonance with magnetosheath protons requires energies 
Ee- =(M,/M_)E;, ~ 10-20 keV, 

Because the observed waves typically propagate within 15° of 
the ambient magnetic field direction’, the parallel component of 
the fluctuating wave electric field is small and Landau resonance 
is therefore ineffective as a generation mechanism’. However, 
Landau damping, particularly by thermal electrons, probably 
explains why the waves are rarely observed with highly oblique 
wave normal angles. One natural candidate for the origin of 
parallel propagating waves is cyclotron resonant instability; the 
free energy for wave growth can be provided either by the 
pitch-angle anisotropy of low energy magnetosheath (>10 eV) 
electrons or by field-aligned beams of energetic (10-20 keV) 
streaming protons’. Both are viable sources because the dayside 
magnetosheath is observed to have a persistent pressure aniso- 
tropy’ of the correct sign (p,>p,) for whistler-mode wave 
growth, and field-aligned ion beams are consistently observed 
on the ISEE satellites just outside the magnetopause streaming 
away from the magnetosphere”. Particle and field data obtained 
on the ISEE satellites are used here to determine whether either 
of these potential generation mechanisms can account for lion 
roars. 

Smith and Tsurutani’ earlier established a strong correlation 
between the occurrence of lion roars and decreases in the 
ambient magnetosheath magnetic field. Figure 1 illustrates a 
particularly dramatic example of such a relationship from data 
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taken over a 3-min interval on 8 November 1977, when the 
ISEE satellite was located in the magnetosheath at 11.8 Rẹ near 
11.20 LT. The lower panels exhibit six channels of the fluctuat- 
ing plasma wave magnetic field. Each channel has a bandwidth 
= +15% of the centre frequency’ and the intensity is plotted on 
a logarithmic scale in units of nT’ Hz '. The total plasma density 
and the ambient magnetic field are plotted in the upper panels 
and for comparison the magnetic field strength is superimposed 
on the 100-Hz wave channel. Two intense lion roars are ob- 
served centred near 02.30:42 and 02.31:25 UT and a smaller 
burst occurs at 02.32:35 UT. The peak wave intensity typically 
occurs below 100 Hz and the emission bandwidths are relatively 
broad. The emission at 02.30:42 UT is primarily confined to 
frequencies above 30 Hz and detectable wave intensities are 
found at frequencies up to 311 Hz. The burst at 02.31:25 UT 
extends to frequencies as low as 17 Hz and is mainly confined to 
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Fig. 1 The upper panels exhibit the plasma density and magnetic 
field variability observed in the magnetosheath on ISEE-1. Simul- 
taneous spectrum channel data from the plasma wave experiment 
are plotted in the lower panels. The spectral intensity in each 
channel is plotted on a logarithmic scale in units of nT” Hz 

Intense lion roar emission is observed during decreases in the 
ambient magnetic field, here superimposed on the 100-Hz channel. 
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Fig. 2 The lower panel exhibits the pronounced anticorrelation 
between magnetic field strength and plasma density variation 
during the interval of lion roar emission. Total plasma pressure (top 
panel) remains essentially constant over this interval, suggestive of 
a slow mode hydromagnetic wave. The scaling energy for elec- 
tromagnetic wave~—particle interaction Ey, varies by over an order 
of magnitude and lion roar emission occurs when Ey € Ey, = 
30 eV. 


frequencies below 100 Hz. The short burst at 02.31:25 UT is 
more intense at higher frequencies, with significant power up to 
311 Hz. 

Note that the two major events have a duration (~20 s) much 
longer than the ‘typical’ lion roars described earlier by Smith and 
Tsurutani’. These extraordinarily long-duration events were 
specifically chosen for our study so that complementary plasma 
measurements could be used in the analysis. The plasma 
instrument takes ~3 s to complete an energy and angular scan’. 
This time resolution is adequate for studying these long-dura- 
tion events, but would not be possible for the more typical short 
duration (~few seconds) lion roars. 

Tsurutani et al.’ have undertaken a detailed analysis of the 
plasma distribution function during this interval of lion roar 
emission and these experimental results will be used here to 
identify the mechanism for wave growth. The magnetosheath 
electrons have a thermal energy En of 225-30 eV, with T, > T; 
throughout the interval of analysis. Due to the method of 
sampling, the electron thermal anisotropy A- = T,/T,—1 could 
not be precisely determined, but a minimum value A _ = 0.2 was 
established during the period of intense lion roar emission’. It is 
also important to realize that the electron anisotropy did not 
vary adiabatically, in contrast to the anticipated behaviour 
during a hydromagnetic wave oscillation. However, there is no 
reason to expect an adiabatic evolution in the electron aniso- 
tropy because Tsurutani et al? have determined that the 
observed plasma and field variations represent distinct spatial 
structures convecting past the ISEE-1 and -2 spacecraft rather 
than large-scale temporal oscillations. Magnetosheath protons 
had considerably larger thermal energy (T, ~200 eV) with a 
persistent pressure anisotropy (p, >p; similar to that of the 
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electrons. A bulk plasma flow velocity ~65 kms’ was deter- 
mined from the plasma data but no evidence was found for 
energetic (210 keV) field-aligned beams of ions moving relative 
to the main bulk of the plasma. This latter result is true for all 
lion roars studied so far. 

Each of the exhibited lion roar bursts are correlated with 
decreases in the magnetic field intensity, in agreement with 
previous work. The main difference between these cases and 
the events previously discussed in the literature is the mag- 
netosheath field variability which is much larger here. The 
plasma density exhibits a strong anticorrelation with the 
magnetic field variability as shown in the lower panel of Pig. 2, > 
and despite the large variability in B and N the total plasma 
pressure (B°/8a + NkT) remains essentially constant over this 
interval (upper panel). This is further proof that we are dealing 
primarily with a convecting spatial structure rather than with a 
wave oscillation. The combination of increased plasma density 
and lower magnetic field also produces a dramatic decrease in 
the scaling energy B’/8aN for resonant wave-particle inter- 
actions. This scaling energy drops from values ~100 eV outside 
the events to as low as 10 eV during the intervals when the lion 
roars are observed. Because the electron thermal energy is 
comparable to 30 eV during this period, one can anticipate an 
exponential increase in the number of electrons capable of 
resonating with the waves and a corresponding enhancement in 
the wave growth rate as evaluated below. 

Because of the absence of streaming ions, emphasis here is 
placed on cyclotron resonant instability driven by the persistent 
pitch-angle anisotropy in the electron distribution. Although a 
formal simulation of the wave growth should use the exact warm 
whistler-mode dispersion relationship” and also include the 
effects of nonlinear feedback of the waves on the resonant 
particle population’' for the present purpose of simply identify- 
ing the dominant mechanism for wave growth we adopt linear 
cool plasma theory which provides an approximate but analytic 
solution for the temporal growth rate’’ 


Yeye = rQ(1 a wN Yni Vr A sh Va) > A.) 


where 7n_( Vx) is the fractional number of resonant electrons, 
and A,=(Q./w—1)™' is the critical anisotropy required for 
instability. If the electrons are modelled by a bimaxwellian 
distribution 
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where a), are the thermal velocities parallel and perpendicular 
to the ambient field, the pitch-angle anisotropy A (Vp) = 
(T: ~ T;)/T; is simply a function of the electron temperatures 
T; and the wave convective growth rate is 
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where w, is the plasma frequency and vp is the parallel resonant 
electron velocity (equation (1)). 

The exponential factor in equation (2) leads to greatly 
enhanced convective growth in regions where the resonant 
electron energy becomes comparable with or smaller than the 
electron thermal energy. To illustrate how dramatic this change 
in wave growth can be, the convective amplification in wave 
power (2K;) has been evaluated for three selected intervals 
corresponding to the minimum and maximum of the ambient 
magnetic field oscillations. The net amplification (in dB Rg‘) is 
plotted as a function of wave frequency and electron anisotropy 
in Fig. 3. The two examples with large convective wave growth 
(at 02.30:42 and 02.31:25 UT) lie within regions of low 
magnetosheath field (B <= 20 nT), where Eu = B?/82N is less 
than the electron thermal energy (Fig. 2). As the unstable waves 
resonate with the main bulk of the plasma the amplification is 











Nature Vol. 293 1 October 1981 





Convective amplification (db/Rg ) 





spectral den sity (arbitrary scale) 


10? i 
Frequency (Hz) 


Tt a came iiei e ne EEA iiie: 





kee ae ea ete 
Simulation of lion roars 02.31:05UT 02.31: 
observed on ISEE-! Ty, sang | T brit 
8 November 1977 T K 

oe Observed power | 







a 

) | 
A=0.2 0.30.5 1, 

ASt nen 


10? 


REE Cee es eT CO Tr 


© 
rm 
5 


Fig. 3 The convective gain in wave power plotted against wave frequency for three selected time intervals. The two examples with large wave 
gain occur during the two major lion roars in Fig. 1. The observed relative power spectral intensity is indicated by the dashed lines and may be 
used to infer indirect information on the electron anistropy. 


very rapid. In fact, for the examples shown, the linear growth 
rate (2) cannot strictly be used because the peak temporal 
growth rate becomes comparable with the wave frequency. The 
waves should therefore be rapidly amplified until nonlinear 
processes limit the growth to produce the observed spectrum. In 
contrast, at 02.31:05 UT, the anticipated wave growth is 
substantially smaller primarily because the waves now resonate 
with superthermai electrons (Ees > Em) which are less abun- 
dant. The net amplification is apparently insufficient to produce 
observable waves. 

A precise determination of the electron pitch-angle aniso- 
tropy is important because it not only provides the source of free 
energy for instability but also establishes an absolute upper limit 
on the frequency of unstable waves, (@/0_)max = A-/(1+A-). 
This upper limit is not modified by warm plasma corrections to 
the wave distribution function’®. Also, because the resonant 
electron velocity increases as w/N decreases, the convective 
growth rate (2) will decrease exponentially at low frequency. 
This effectively limits the most unstable waves to a frequency 
band just below the upper cutoff. The observed lion roar 
frequency spectrum might therefore provide indirect informa- 
tion on the electron anisotropy. To test this hypothesis we have 
superimposed the average wave power spectral densities 
observed during the two intense lion roars on the theoretical 
linear convective growth rates. At 02.30:42 UT the agreement 
between observation and theory is best for A. ~ 0.5 whereas at 
02.31:25 UT a value of 0.2<A.<0.3 is suggested. Both are 
consistent with the lower limit on the electron anisotropy (A_ 2 
0.2) set by the plasma observations’. At 02.31:05 UT the 
absence of detectable waves is consistent with an electron 
anisotropy A.<0.5. 

The concept that variations in the scaling energy for elec- 
tromagnetic wave particle resonance, B’/87N, might influence 
plasma instability was initially discussed as a mechanism for the 
enhanced precipitation loss of energetic ring current particles 
due to the onset of either electromagnetic ion-cyclotron’ or 
whistler-mode"* instability. It has even been invoked as a means 
of triggering magnetospheric substorms by artificially injecting 
small amounts of cold plasma'‘*. However, we believe the results 
presented here to be the first explicit demonstration (using 
simultaneous wave and particle data) of how wave instability can 
be modified by changes in B*/87N. In the examples analysed, 
the wave onset is particularly dramatic because the resonant 
electron energy in the magnetosheath oscillates around the 
electron thermal energy, thereby causing an exponential varia- 
tion in wave growth rate. The confinement of emissions to 
regions where Ey < Ey, also indicates that lion roars are strongly 
controlled by local plasma properties. Although the waves are 
undoubtedly convective, Landau dumping should become 


important for obliquely propagating waves. Convective 
damping rates for 0 = 20° can exceed 100 dB R;', thus confining 
the observed waves to the maximally unstable regions. 

Because the emissions analysed here are somewhat atypical, 
one should be cautious in generalizing these results to imply that 
lion roars are always excited by cyclotron instability with aniso- 
tropic magnetosheath electrons. Nevertheless, this source of 
free energy is permanently maintained by the convective trans- 
port of magnetosheath plasma from the shock to the magneto- 
pause'®. When 8 = 827NkT/B’ is large, the observed positive 
ion anistropy can excite a mirror instability” which requires 

./By>1+(1/B,). However, as the wave frequency is purely 
imaginary, the mirror instability is strictly non-oscillatory’’. It 
will simply tend to enhance the plasma density irregularities in 
the medium while conserving total pressure. This is consistent 
with the large density and field fluctuations shown in Fig. 2. As 
the region of the magnetosheath just ahead of the magnetopause 
generally satisfies the condition for mirror instability of the slow 
mode compressional wave'’, one can anticipate the develop- 
ment of irregularities in B’/8aN which in turn can trigger 
high-frequency electromagnetic lion roar emissions once the 
electron thermal energy becomes comparable to Em. Lion roars 
can thus be thought of as a natural consequence of the quasi- 
adiabatic transport properties of the magnetosheath. 
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On the validation of one-dimensional 
CFC-ozone depletion models 


R. G. Derwent & A. E. J. Eggleton 


Environmental and Medical Sciences Division, AERE, Harwell, 
Oxfordshire OX11 ORA, UK 


There has been considerable progress in understanding the 
possible impact of the continued release of chlorofluorocarbons 
(CFCs) on the stratospheric ozone layer. Current estimates of 
the steady-state ozone depletion due to the release of CFCs 11 
and 12 at the 1976 production rates are ~10%; the recent 
decrease is due largely to revisions in some OH and HO, 
reaction rate coefficients’. There have been changes in the 
calculated vertical profiles in the stratosphere of many of the 
trace species considered as essential components of the models 
associated with this downward revision in the predicted ozone 
depletion. Comparison of such vertical profiles calculated for 
the present, relatively unperturbed atmosphere with available 
observations is the only experimental means of verifying the 
models. We show here that the accuracy and coverage of the 
observations are insufficient to distinguish between models giv- 
ing predicted steady-state ozone depletions differing by at least a 
factor of 2. The same calculations show that the largest 
differences in vertical profiles occur for the temporary reservoir 
species HOCI, HO,NO,, H,0, and CIONO, for which virtually 
no data are available. Measurements of these reservoir species 
would significantly improve our ability to validate current 
models. 

The model experiments described here were performed with 
the AERE Harwell one-dimensional (1-D) model, the details of 
which are given elsewhere*”. The chemical kinetic and photo- 
chemistry input data for the 123 processes are taken from the 
NASA-JPL evaluations** and have been updated with the 
following rate coefficients to obtain 1981 input data. 
(OH+HNO, 4.6 x 107'* em? molecule” s7! (ref. 6); OH + HO, 
6.0 107" cm? molecule”! s~' (refs 7, 8); and CIO + NO, one- 
quarter of measured low pressure third-order rate coefficient’). 
The differential equations describing the 49 model species were 
expressed in finite-difference form and integrated on a 2-km 
grid covering 11-51 km using a variable order Gear’s method 
program, FACSIMILE”, A constant-Sun approximation was 
used to average over diurnal and seasonal variations in photo- 
lysis rates. The illumination, pressure and temperature condi- 
tions of 30 °N or S were used although a global description of net 
vertical exchange through a common K, profile was specified for 
all species. 

Perturbation experiments were performed setting up a 
natural atmosphere simulation using methyl chloride and 
carbon tetrachloride as stratospheric chlorine sources and 
integrating the model equations for 10'° model seconds. This 
natural atmosphere simulation took about 4 min CPU with the 
Harwell IBM 3033 computer, and contained ~1.2 p.p.b. 
(1 p.p.b. = 1 part per 10° by volume) odd chlorine in the upper 
stratosphere in steady state. This natural atmosphere was then 
perturbed by injecting CFCs 11 and 12 at the 1976 production 
rates until a new steady state was established. The ozone 
depletion was then determined from the difference in the total 
ozone columns between the perturbed and natural atmosphere 
simulations. The steady-state ozone depletion estimates 
obtained with the AERE Harwell 1-D model for CFC 11 and 12 
release are heavily dependent on the formulation of strato- 
spheric chemistry. Over recent years, the many re-evaluations of 
critical chemical rate coefficients have caused marked changes in 
the steady-state ozone depletion estimates as shown in Fig. 1. 
Also shown are some of the depletion estimates taken from 
earlier reports on the ozone layer. It is difficult to avoid the 
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conclusion that uncertainties in chemistry have dominated 
recent changes in ozone estimates. The variations in the ozone 
depletion estimates indicated in Fig. 1 do not reflect adequately 
the likely uncertainty range in the central value. This could only 
be obtained from a detailed treatment of the uncertainties in the 
solar flux, reaction rate coefficients, boundary conditions, 
transport coefficients and source distributions. Such a treatment 
is not yet available. 

At present, the most important check on model performance 
lies in the comparison of model proñles with the available 
observations for those trace species which figure prominently in 
the models. Whilst these comparisons are limited by the sparsity 
and incompleteness of the available data and by the averaging 
inherent in the model formulation (latitude, longitude, diurnal 
and seasonal), such comparisons are important in assessing the 
performance of models as research toats. To go further and to 
check the validity of the model perturbation studies requires a 
more than superficial comparison of model with measurement, a 
more detailed treatment of model uncertainty and the removal 
of the subjective elements of model comparison with measure- 
ment. Whilst similar views have been expressed previously’, 
the recent changes in CFC~ozone depletion estimates warrants 
this further consideration. 

We attempt here to indicate the necessary requirements, 
placed on atmospheric measurements in terms of accuracy and 
coverage, if they are to be used to validace models of CFC~ozone 
depletion. The natural atmosphere simulations from two 
perturbation experiments using 197€ chemistry’ and 1981 
chemistry* input data have been compared. These experiments 
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Fig. 1 The steady-state total column ozone depletion given by the AERE 

Harwell 1-D model for constant release of CFCs 11 and 12 at 1976 rates, 

showing the effects of major revisions in the chemistry. Some results from 
major reports? on the ozone layerare also included, 
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Table 1 Comparisons of the altitude profiles of the various species In the natural atmosphere sumulations with 1979 and 1981 mode! mput expressed as rabos 








Altitude (km) Stratospheric source species N Long-lived and smk spectes 
CH, H, ‘H,O CO N,O CH,Q Ca, O; NO NO, HNO, HA coca, 
12 1 0* 1.0* TO” 1.0° 1.0* 1.0* 1.0" 0.97 1.0° 1.00* 0.53 0.41 0.84 
20 0.97 1.00 1.02 0.58 0.98 0.85 1.01 1.05 0.39 0.42 1.35 0 76 0.83 
30 0.99 1.00 1,00 0.38 107 0.70 1.35 1.08 0.73 079 1.24 0.53 1.04 
40 1 04 1.00 0.99 0.98 1.20 072 2.01 1.00 0.94 0.96 111 0.99 1.48 
$0 1.00 098 1 00 0.97 111 0.57 1.19 0.93 0 96 1 00 100 0.98 1 07 
Reactive species 
OPP) OCD) O'A) OH HO, H CH, CH,O, CH,O HCO HCHO VN NO, a cio 
12 0 97 0.92 0.97 2.11 2.17 2.10 2.08 2.53 0 27 2.43 2.01 mam 1.60 147 132 
20 1.05 1.00 1.05 3.05 6.29 1.84 2.42 6.12 0.24 2.92 2.08 m 0 82 2 36 5.92 
30 1 08 103 1.08 1.47 2.05 1.45 1.21 1.66 0.19 138 0 96 0.75 1,07 0.71 0.97 
40 1.00 0.95 1 00 111 1.31 1.25 1.09 1.16 0.25 1.14 0.88 0.94 1.01 1.08 108 
50 0.93 0.89 093 1.02 135 1.11 0.95 0.99 029 099 0 83 0.97 0.93 0.96 0.95 
Temporary reservoir species 
HO,NO, HQ N,0, CH,O,NO, CH,O,H HOC CONO, 
12 2.46 4,64 1.60 2.53 1.08 0.96 5.34 
20 3.00 32.88 0.34 2.58 4.91 11.69 9.90 
30 2.35 3.54 0.84 131 0.58 0,84 3.03 
` 40 1.46 163 ` 0.97 1.12 0.44 0.79 4.11 
50 136 1.79 0.92 0.98 0.68 0.83 3.89 
Ratio expressed as number density m 1979 model divided by corresponding value in 1981 model natural atmosphere stmubaton. 
* Comparison affected by boundary conditions. 


gave steady-state ozone depletion estimates which differed by a 
factor of 2 from 18% to 9%, respectively (see Fig. 1). All other 
aspects of model formulation remained closely similar although 
this was not a specific aim. Rather, we have made all changes 
necessary to maintain the steady improvement in model per- 
formance over the period of Fig. 1. This includes a recent change 
in K, profile from one based largely on the observed CH, profile 
(Chang 1976)" to one based on N20 (ref. 3). However, this 
change and those due to the re-evaluations in the photochemis- 
try input not marked in Fig. 1 had little significance in 
comparison with the major effects of the re-evaluations in some 
of the OH and HO, rate coefficients. 

Table’ 1 shows the differences in the model profiles of the 
number densities of the O,, HO,, NO, and CIO, species in these 
two different natural atmosphere simulations. The O;, OCP) 
and O,('A,) profiles (Table 1) all show similar fractional chan p 
of 8% or less in concentration at corresponding altitudes; OCD 
shows different relative changes of 8% or less except for : 
slightly larger difference at 50 km. It is unlikely that global mean 
atmospheric measurements of the O, family could be made over 
the next few years with the required to distinguish 
between the two models despite the fact that they gave steady- 
state ozone depletion estimates differing by a factor of 2. 

Figure 2 shows that the differences in the calculated profiles of 
O, and CH, are negligible in comparison with the error bars on 
the present available measurements. Table 1 gives further data 
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for the HO, family. The calculated differences for H,O and H2 
are smali although for CO the recent changes in chemistry have 
markedly affected its distribution in the lower stratosphere 
through changes in the OH distribution. Unfortunately, some of 
the CO measurements are unreliable in the lower stratosphere. 

The free radical species exhibit significant changes of a factor of 
~3 in the lower stratosphere where there are few measure- 
ments. H,O,, a temporary reservoir species, shows the largest 
single difference in this family, again in the lower stratosphere. 
Significant differences across the whole of the stratosphere were 
found for both H20- and CH,0,H (methyl hydrogen peroxide). 

Table 1 shows that the altitude profile of NO, the major NO, 
source species, has changed only slightly although there are 
some changes in the lower stratosphere. With the NO, family, 
again, the temporary reservoir species N205, HO,NO, show the. 
largest sensitivity. The sink species HNO, shows relatively little 
sensitivity to the changes in chemistry although OH + HNO; has 
suffered a major re-evaluation (see Fig. 2). The available 
measurements have insufficient accuracy for us to choose 
between either calculated profile. 

Table 1 shows that the profiles of the stratospheric source 
species CH;C] and CCL have been slightly changed by the 
re-evaluations although the other CIO, species show much more 
significant changes. The distribution of the free radical species 
and reservoir species have all been significantly 
changed, particularly in the lower stratosphere. The largest 


Fig. 2 The calculated altitude profiles of a 
number of trace constituents in the stratosphere 
using 1979 (solid Hne) and 1981 (dashed Ime) 
cheanstry input data m the AERE Harwell 1-D 
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changes are observed with the temporary reservoir species 
HOCI and CIONO). Figure 2 illustrates the observed range in 
the available measurements of ClO. Unfortunately measure- 
ments have not been made in the lower stratosphere where the 
models indicate most of the recent changes have occurred. 
Again, measurements are unable to distinguish between either 
of the calculated profiles. Although large differences are pre- 
dicted for CIONO, (Fig. 2), only a few isolated measurements 
are available’’. 

We conclude that of all the species, the predicted profiles of 
temporary reservoir species have changed the most as a result of 
recent changes in chemistry. Although these species should be 
sensitive indicators of the validity of the formulation of the 
chemistry of the lower stratosphere in the models, they have not 
yet been reliably and adequately measured in the atmosphere. 
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For many of the other reactive species, the available altitude — 
profiles do not have the accuracy and coverage for us to choose 
between either of the natural atmosphere simulations which 
gave ozone depletions which differed by a factor of 2. The 
differences in the predicted altitude profiles of the stratospheric 
source gases were found to be small so that although measure- 
ments of these species are important in the formulation of the 
models, they will not have a vital role in model validation. This 
latter role would apparently be best served by the temporary 
reservoir species HO,NO,, H,O,, CIONO., NO; and HOCI 
when detailed measurement coverage should become available. 
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The stratigraphic record of melt features in intermediate depth 
polar ice cores has provided valuable data on past summer 
climate’. The thermal drilling technique used in previous 
studies precluded extending this record beyond a few hundred 
years. Recently, however, a 901-m deep ice core was 
mechanically drilled in southern Greenland. The excellent core 
quality and improved techniques for measuring melt features 
have resulted in an ~2,200 yr record with consistently high 
quality data. We report here that the temporal variations in melt 
feature abundance, expressed as annual melt per cent (AMP), 
provide proxy data on summer climate that can complement 
other records extending back thousands of years. The AMP 
profile indicates that relatively warm summers prevailed from 
about AD 950 until AD 1500 culminating in the thirteenth and 
fourteenth centuries. The periods from about 300 to 150 BC, 
AD 350 to 550, and AD 1550 to 1800 had relatively little 
summer melting. 

Ice melt features form when some of the meltwater produced 
by summer warmth and solar radiation percolates downwards 
along isolated pipe-like, nearly vertical channels and spreads 
laterally on favoured layers. When this percolating meltwater 
refreezes, the vertical channels form ice glands and the laterally 
spreading units form ice lenses or layers in the snow, The 
resulting ice layer is deficient in air bubbles and is readily 
distinguishable from bubble-rich glacier ice formed by dry snow 
compaction, An exceptionally warm spell can produce ice fea- 
tures which extend downwards by percolation, along isolated 
channels, into the snow of several previous years. This can 
happen in regions which generally have little or no melting at the 
snow surface as exemplified during mid July 1954 in north-west 
Greenland”. Such an event could lead to the conclusion that two 
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or three successive years had abnormally warm summers, 
whereas all the icing formed during a single period which lasted 
for several days. The location where melt features will have the 
greatest climatic significance is high in the percolation facies 
where summer melting is common but deep percolation is 
minimal*. Dye 3 in southern Greenland (65°11'N; 43°50'W) is 
such a location. 

In 1979 and 1980, members of the joint US-Danish-Swiss 
GISP recovered a continuous, mechanically-drilled ice core at 
Dye 3 between the depths of 82 and 901 m. Each core segment 
was cut longitudinally with a bandsaw and the exposed inner 
surface was planed smooth with a microtome knife. The ice core 
stratigraphy was viewed through the planar surface with the aid 
of transmitted fluorescent light, and ice crusts, wedges, layers 
and glands were recorded full scale on a graphic log. The depth, 
thickness, and type of each melt feature were summarized and 
entered into a computerized data bank. The percentage of melt 
features in each annual accumulation layer (AMP), calculated 
using ice equivalent lengths’, is thus independent of annual layer 
thinning by ice flow’. Vertical ice glands were excluded from the 
calculations due to their spurious distribution within the ice 
sheet. The age determinations for these calculations were based 
on the measured oxygen-isotope stratigraphy down to the 225 m 
depth which represents the year AD 1576 (W. Dansgaard, 
personal communication), Below this depth age estimates were 
based on a geophysical flow model (S, J. Johnsen, personal 
communication), and a reference horizon at 494 m representing 
the AD 934 Icelandic eruption (C. U. Hammer, personal com- 
munication). The error on these ages is estimated to be + 3%, 

The AMP values obtained from the 1980 Dye 3 core are 
compared in Fig. 1 with the results of a stratigraphic study on the 
373 m ice core recovered from Dye 3 in 1971 (ref. 2). The 1980 
core AMP values are 30-yr running means and the 1971 core 
values have been smoothed by a non-recursive low-pass digital 
filter with a transition band from 0.0 to 0.03 cycles yr’ (ref. 2). 
For the period 1650-1850, the long term variations in the AMP 
values at Dye 3 are quite similar in the two cores, although the 
1971 values are about 2% higher due to the inclusion of ice 
glands in the calculation. The apparent correlation between the 
two cores, located ~1 km from each other, suggests that the 
climatic signal of melt features may be easily interpreted in spite 
of the horizontal inhomogeneity of individual ice layers. The 
AMP peaks at about 1795, 1730 and 1655 are also present in the 
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Fig. 1 AMP profiles at Dye 3, Greenland for the period 

AD 1300-1900. The 1979-80 ice core data are represented by the 

heavy line; the 1971 core profile? by the dashed line; and the 6'°O 
profile for the 1972 core” by the light line. 


digitally-smoothed oxygen-isotope variations from the 1971 
core, which are also shown in Fig. 1 (ref. 2). As 8O values 
reflect mean annual temperature, the correlation between the ô 
and AMP peaks suggests that short-term changes in summer 
climate in the period AD 1650-1850 paralleled changes in the 
average annual climate. The longer term 6'"O increase from 
1650 to 1800 is not, however, reflected in the AMP profiles. 

Before AD 1650, the correlation between the two AMP 
profiles is progressively worse. While the AMP values in the 
1971 core consistently exceeded values in the upper part of the 
1980 core, the averages are about equal for the period 
AD 1520-1650. Before AD 1520, the 1980 AMP values exceed 
those of 1971, and the two data sets show an anti-correlation. In 
this early time period, the 1971 AMP values are also negatively 
correlated with the 5'°O variations. 

The apparent changes in the relative amounts of melting and 
the loss of correlation between the two AMP data sets can be 
attributed to differences in the quality of the two cores. The 
1971 core, which was recovered with a thermal drill, contained 
thin, nested wafer-type fractures in all core below 230m 
(AD 1560) which apparently obscured much of the visible stra- 
tigraphy. The Devon Ice Cap core, also thermally drilled, 
suffered similar wafering and obliteration of stratigraphy below 
the 150 m depth’. In contrast, the 1980 core was mechanically 
drilled and contains no wafer-type fractures. Because strati- 
graphy was viewed through the clear microtomed surface, it is 
unlikely that any significant features in the 1980 core were 
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missed. The loss of correlation between the two profiles may 
indicate that oscillations in the 1971 AMP profile below the 
230 m depth are predominantly due to changes in the visibility 
of core stratigraphy rather than changes in the average degree of 
melting. 

Many of the peaks in the 1980 AMP profile are also present in 
the &-profile even in ice deposited before AD 1650. Both 
profiles show maxima at AD 1480, 1385 and 1325. The 
AD 1325 melt per cent peak reflects extremely warm summers 
in which the yearly AMP exceeded 20% in 7 of 32 yr between 
AD 1313 and 1344. Three of these summers are adjacent, 
however, and may be due to a single very warm period with 
heavy percolation. Although the peak heights in the 6 and AMP 
profiles are not identical, seven of eight AMP peaks in Fig. 1 are 
coincident with 6-maxima, suggesting that changes in mean 
annual and summer climate were generally parallel before 
AD 1650 as well as after. 

In addition to showing some correlation with the annual 
isotopic composition of local snowfall, the AMP profile at Dye 3 
shows many similarities with proxy climate data from other 
regions. The entire 2,200 yr profile is shown in Fig. 2 with 20-yr 
mean AMP plotted against estimated age of deposition. The 
complete é-curve for the 1971 core, digitally smoothed by 
Dansgaard et alf is also shown. Most of the trends in the 
Northern Hemisphere temperature index of Hammer et al., 
compiled back to AD 550 from various well-dated sources, 
including Greenland 6-profiles, are recognizable in the AMP 
profile. Relatively warm periods identified were AD 700-800, 
AD 1000-1300 (‘mediaeval warmth’), and AD 1900-1950, The 
first two warm periods also have relatively high AMP values. 
Interestingly, the period of mediaeval warmth was not easily 
recognizable in the compiled Greenland ice core 6-profile’, but 
is readily apparent in the AMP record from AD 950 until 
perhaps as late as AD 1520. The 20-yr mean AMP for the period 
1960-79, determined from Dye 3 shallow core analysis, is 8.0% 
compared with the deep core average of 5.6%. The relative 
warmth of recent summers indicated at Dye 3 was also found in 
the Devon Island ice core’. 

Cooler periods in the Northern Hemisphere temperature 
index included AD 800-900, and AD 1350-1700 (‘Little Ice 
Age’) with a warmer period from AD 1500 to1550. The AMP 
profile has corresponding minima at AD 820-940 and from 
AD 1540 to 1720, but the first portion of the “Little Ice Age’ 
from AD 1350 to 1500 is not pronounced in either the AMP or 6 
profiles. Although the period AD 1540-1720 stands out as the 
coldest in the last millenium in the AMP profile, two intervals 
within the preceding 1300 yr, 300-100 BC and AD 350-550, 
had even less summer melting. Much of the intervening period, 
50 BC-AD 350 had a mild summer climate with AMP values 
similar to those in the early part of the mediaeval warmth. 

The palaeoclimatic information provided by the AMP profile 
complements that obtained from the oxygen-isotope record. In 
addition to the fact that AMP values reflect summer rather than 
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mean annual climate, several of the factors that may complicate 
the interpretation of an ice core 6-profile® may not affect the 
AMP record. Among these factors are changes in the isotopic 
composition of seawater. and the ratio of summer-to-winter 
tion. In addition, melt features are generally formed 
during periods without precipitation, while 3 values are inherent 
properties of the snowfall. Finally, the oxygen-isotope varia- 
_ tions in polar ice have undergone substantial diffusional 
smoothing’, In contrast, the melt features, once formed, remain 
as primary climatic information for at least 2,300 yr and perhaps 
thousands more. 

We thank Professors W. Dansgaard and H. Oeschger for 
collaboration in GISP, and R. Tompkins, J. Scofield, and 
T. Lowell for data collection and reduction. C. Benson and 
R. Koerner provided valuable suggestions. This work was 
. supported by the NSF/Division of Polar Programs. - 
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Isotopic analysis of Antarctic deep cores provides valuable 
information om the Earth’s pest climate. Past atmospheric trace 
element coateats of continental, volcanic, marine or other orl- 
gins can also be recomstructed assuming that the chemical 
conceatrations in the air and im the snow are well correlated”, 
These atmospheric trace element contents, as well as atmo- 
spheric gas contents’, are important for climate reconstruction 
models because they infiuence the Earth’s tadiation balance’. 
We consider here the possible link between aerosol content and 
climate which was investigated from the 905 deep Dome C ice 
core (East Antarctica) spanning some 32,000 yr (ref. 6). No 
evidence of major global or local volcanic activity was found, 
however, large marine and continental Inputs (respectively 5 


and 20 thnes higher than present) wore observed at the end of . 


the last glacial stage. We consider they reflect glacial age climate 
with stronger circulation, enhanced aridity and 
faster acrosol towards the Antarctic continent. 

110 ice sections, covering 5—10-yr periods, were processed for 
microparticle analysis (48 by Coulter Counter TA 2, 62 by a 
light scattering system’“) and 56 adjacent ice sections, covering 
3—5-yr periods, were measured for trace element deter- 
minations (Al, Mn, V, Na, Cl by direct instrumental neutron 
activation analysis and Zn, after preconcentration, by atomic 
absorption). 

To remove field contamination, the outer parts of the core 
sections were discarded. For particle measurements, this was 
done by recoring with a thermal probe and for chemical analysis, 
by rinsing the ice samples thoroughly with ultrapure water until 


~60% of the original sample was melted off. We checked the 
contamination procedure by comparing our Holocene results 
with measurements performed on surface samples collected in 
hand dug pits in contamination-free conditions’. Table 1 shows 
that the two data sets are in good agreement. 

Figure 1 shows the variation of the trace element and micro- 
particle concentrations in the Dome C core. The oxygen isotope 
profile of Lorius et al.° is used as a chronological and climatic 


` reference. Four main isotopic stages can be distinguished: the 


Holocene stage (stage 1), the isotopic transition (stage 2), the 
stage with minimum 8'*O% values (stage 3) and the earlier stage 
(stage 4). In spite of discrepancies concerning the age of the 
deepest part of the core’, stage 3 probably includes the last 
glacial maximum (~18,000 yr BP (ref. 10)). Table 1 gives our 
main results and those obtained on 51 adjacent samples (L. G. 
Thompson, personal communication) for the four different iso- 
tope stages. Taking Al as the reference element, the crustal 
enrichment factors of Mn and V are close to 1 (the crustal 
enrichment factor of element X is given by (X/Al)ssow/ 
(X/Al)aoe With the crustal composition given by ref. 11). 
Al correlates well with Mn (correlation coefficient: p= 
0.92) with V (p =0.98) and with the light-scattered signal 
(p = 0.80) which is related to the microparticle concentration. 
Scanning electron microscope (SEM) and energy dispersive 
X-ray (EDAX) analysis performed on 399 insoluble micro- 
particles randomly chosen from samples covering all the time 
periods demonstrated that 90% of the particles are various 
silico-aluminates and ~10% are quartz”. Thus Al and micro- 
particles must both be representative of the terrestrial contribu- 
tion. CI and Na (with a CI/Na ratio close to the bulk seawater 
value) are most likely of marine origin. Zn has been proposed as 
a good indicator of. volcanic activity for Antarctic snow 
samples”. 

`The highest terrestrial concentrations are observed during 
stage 3 with mean values 21, 23 and 8 times higher than during 
stage 1 (for Al, light-scattered signal and microparticle number 
concentrations respectively). The lower ratio obtained with the 
Coulter Counter may be due to the sedimentation of particles 
during measurements or to the influence of large particles 
(statistically sparse but having a large influence on the total 
mass). Marine input shows a similar trend but with a lower ratio 
of decrease from stage 3 to 1 (C1:3.8, Na: 5.7). Na and Cl 
decrease during stage 2 and reach their Holocene values at the 
end of stage 2 a few thousand years after the terrestrial contri- 
bution. The Dome C results compare very well with those 
obtained at other sites in North and South Pole regions (Table 2) 
(refs 13-15, and M. Briat, personal communication). However, 
the magnitude of the concentration decrease from glacial to 
Holocene depends on the site; in Antarctica the maximum ratio 
occurs on the central plateau (Vostok and Dome C). These large 
global and roughly synchronous variations may tentatively be 
explained by several mechanisms, involving changes in source or 
mode of transport. The decrease in Dome C snow accumulation 
rate proposed for stage 3°" does not exceed 50% and therefore 
cannot explain the observed concentration changes. 

In the last glacial part of the Dome C core, we found no 
evidence of local volcanism such as the ash bands observed in the 
Byrd core’ that were attributed to Mary Byrd Land vol- 
canoes’’, whose active period reached a maximum before Dome 
C concentrations significantly increased. Although one volcanic | 
glass shard was found at a depth of 726 m (ref. 18), qualitative 
results obtained using the EDAX microprobe show that only 
10% of the 399 studied particles are close in composition to this 
glass shard and that the relative abundance of such particles is 
lower during rather than after stages 3 and 4°°. Moreover, 
short-term microparticle variations” show continuously higher 
background values during stage 3 and high volcanic activity 
would have had to have been unceasing over thousands of years 
to enhance the atmospheric aerosol loading without any return 
to lower concentrations. This is, however, statistically improb- 
able* and does not agree with late Pleistocene volcanic data?>*!, 
Furthermore, volcanic aerosol generally countains large 
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Fig.1 Oxygen isotope, trace element and microparticle concentrations along the Dome C ice core: a, microparticle results from light scattering 

(LS) in relative units; b, results from Coulter Counter (CC) in 10° part. r>0.4 um per g of snow—the chronology and the isotopic profile with 

individual stages are after ref. 6. Ages are estimated from a simple ice flow model assuming a variable or constant (numbers in brackets) rate of 
accumulation. 


amounts of sulphur compounds, principally H2SO, (refs 22, 23) 
and no significant changes in the SO, concentration (R. Deimas, 
personal communication) nor in acidity” were found at Dome C 
during the glacial stage. This agrees with the SO, measurements 
from the Byrd core”. 

The average Zn concentrations are higher during stage 3 (Fig. 
1). Nevertheless, the crustal enrichment factor of Zn (reference 
element: Al), which is rather high during stage 1 and reaches 
values higher than 100 in surface samples corresponding to time 
periods including major volcanic events'*, becomes close to 1 
during the glacial period (stage 3). 

All this information indicates that the high observed ter- 
restrial input enhancement is not linked to local or global 


volcanism and is more likely of continental origin. This 
conclusion is supported by results from Byrd station’* and from 
the Northern Hemisphere. 

The Southern Hemisphere deserts are thought to be prime 
sources of present continental input to Antarctica”. Geomor- 
phological features and deep-sea core studies indicate that 
during last glacial maximum the Southern Hemisphere 
continents were drier*””° and that active sand deserts between 
30°N and 30°S were five times larger than today’’. Lastly, 
continental shelves exposed by the lowering of sea level were an 
additional source of atmospheric dust. Larger source areas also 
coincided with stronger winds near the ground in many parts of 
the world, as shown by eolian features including ventifacts, loess 
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Table 1 Average for microparticles and trace elements for the different isotopic stages in the Dome C ice core 





Light 





scattering Particles >0.4 umin Concentrations (107° g per g) Crustal enrichment factor CI/Na 
Depth (signal in radius (no, per 
Isotope stage {m) relative units) g of snow) Al Na Cl Vv Mn Zn 
i 0-381 1324 6,800 + 4,000* 2.72.3 18+5 39412 $ 14+.4 12410 2.2.7 
includes (9) (23) {15) (15) (15) (15) (10) (15) 
Holocene 7,200 + 3,3007 
period (12) 
2 381-510 93+108  13,600+ 16,400* 21421 $9430 73448 1444 154.5 3.742.8 1.2+.7 
includes (26) (7) (15) (15) (15) (10) (15) (13) (15) 
isotopic 16,800 + 12,3007 
transition 
3 510-687 298+89  §5,100+16,600* 57415 102415 190425 1.24.2 1.24.2 144.8 1.54.2 
includes (18) (10) (14) (14) (14) (14) (14) (11) (14) 
glacial 86,600 + 30,1007 
maximum (15) 
4 687-880 96+39  22,800+7,300* 18+9 69+13 88431 1.2+.7 1.2+.4 144.8 1.3.4 
(9) (11). (12) (12) (12) (12) (12) (7) (12) 
23,000 + 22,0007 
(8) 
Present snow 
time 5 m-pit 5.4+4.8 6,000 + 2,500 1.7+.9§ 212448 1341.48 35+15§ 


For each period, the mean value, standard deviation and number of samples analysed (in brackets) are given. * From ref. 19 and L. G. Thompson, 
personal communication. + This study. + Vanadium below detection limit. § From ref. 2. 
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Table 2 Ratio between late-glacial stage and Holocene concentrations obtained from different ice cores in both Southern and Northern 





Hemispheres 
Distance 

Site Altitude (m) from coast (km) Microparticles Al Na 

Dome C (74°39'S, 124°10'E) 3,240 1,070 k 21 5.7 
234 

Vostok (78°30'S, 106°54’E) 3,480 1,294 = 248 R 3.43 
Byrd (80°01'S, 119°31'W) 1,530 670 Paes Ta: e 
D10 (66°40'S, 140°01'E) 260 5 p 7.3% 3.1 
Camp Century (77°10'N, 61°08'W) 1,890 200 9.5 ib 30° 
Devon Island (75°22'N, 82°27'W) 1,800 30 20-30** _ a 





* From ref. 19, and L. G. Thompson (personal communication) with the chronology from ref. 6. + This study: Coulter Counter results, | This study: 
light scattered signal. § From M. B. (unpublished data): | From ref. 13 with the chronology from ref. 52. From ref. 14,” From ref. 13 with the 


chronology from ref. 53. ** From ref. 15. 


transportation and active sand dunes*’*”*’. Aeolian deflation 
should have therefore been enhanced. If long-range dust trans- 
port is taken into account®*™’, intertropical glacial aridity in 
both hemispheres*’ together with stronger wind over arid 
continents may have been sufficient to produce enough dust to 
have a worldwide impact and therefore substantially to increase 
the aerosol content over Antarctica. 

It has been demonstrated’’** that the stronger the Trade 
Wind, the higher the proportion of large particles in Sahara 
dust-laden air masses over the Atlantic ocean, Dome C results 
show a shift in the microparticle volume distribution (Fig. 2) 
during the ice age (particles as large as 5 um in radius being 
present during but not after stage 3). This suggests a more 
vigorous circulation from the tropical zone towards Antarctica 
during the glacial age perhaps due to a stronger meridional 
circulation. Both meridional and zonal circulations are driven by 
the baroclinic eddy process and therefore seem to be linked to 
the pole~equator temperature gradient*’~*’ which was greater 
than at present during the last glacial age, as shown by ice and 
deep-sea core studies****. Our results are compatible with a 
stronger meridional temperature gradient. 

The continental input decreases during stage 2 up to 440 m 
where it stabilizes at the stage 1 value. This is before the end of 
the isotopic transition (381 m) and according to available dating 
results’, 440 m corresponds to ice deposited between 12,000 
and 13,500 yr ago. This period corresponds closely to the end of 
the aridity maximum in Africa” and the stabilizing of sand 
dunes in Australian desert owing to the “relaxation of stress 
from a vigorous circulation”. 

Wind activity should also have been enhanced above the sea 
surface during the ice age. Climatic reconstruction by Hays er 
al.** indicates that the limit of sea ice was 500-1,000 km farther 
north at 18,000 yr BP. In spite of the greater extent of sea ice, 
the sea salt content in the aerosol over central Antarctica was 
higher during glacial time. This may tentatively be explained by 
stronger aerosol production, which is mainly driven by the wind 
velocity at the sea surface’, Furthermore, the Cl/Na ratio 
was slightly lower than the bulk sea ratio of 1.8 during the glacial 
stage (even after removing the terrestrial component of Na) and 
very close to those presently observed near the coast**. This 
Suggests a shorter transport time in 18,000 yr BP than at present. 
No Cl data are presently available for other Antarctic sites for 
the glacial period. Over the past 32,000 yr Na shows a better 
correlation with isotopes, representative of local climatic condi- 
tions, than Al (p = 0.90 and p = 0.64 for 56 points respectively). 
This suggests that Na is more directly linked with storminess 
around Antarctica. Present Na snow concentrations are greatest 
during winter or early springt? in East Antarctica (in spite of 
greater distance from open sea), probably owing to increased 
storm activity. Present day winter and past glacial circulation 
mean conditions seem to cause the same qualitative effect and 
are therefore probably similar. Furthermore, large-scale circu- 
lation and wind near the sea surface may be related and both 





have a positive influence on the aerosol flux over Antarctica, 

Manabe’s climatic reconstruction of the ice age period” 
predicts higher meridional fluxes and a circulation which agrees 
with some of our conclusions. 

An increase in wind strength over continental regions may be 
deduced from F « u? (ref. 51) where F is the vertical aerosol flux 
and u the friction velocity which corresponds roughly to the 
wind speed near the ground. Assuming that tropical arid zones 
were five times bigger’”’, wind speeds 1.3-1.6 times higher than 
present are sufficient to increase the atmospheric dust load by a 
factor of 10-20. Similarly, when considering the relation log 
c = au +b observed above the sea surface" where ¢ is the sea 
salt-derived aerosol atmospheric concentration, u the wind 
speed and a varies between 0.16 and 0.25; an increase in e by 
a factor of 4 requires a 5~8ms"' increase in wind speed. 
If 10ms°' is taken as an average value for the subAntarctic 
region (Kerguelen Island (data from Meteorologie Nationale, 
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Fig. 2 Typical volume distribution for insoluble microparticles 
from the Holocene and the last glacial periods, 
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Boulogne)), then the wind speed was 1.5-1.8 times higher 
during the last ice age. However, such estimates must be con- 
sidered as maxima as change in large-scale transport is not 
taken into account. 

We suggest that ice age marine and continental input 
increases observed in Antarctica are mainly linked to enhanced 
wind activity and aridity and are therefore a consequence of 
glacial climatic conditions. However, the aerosol effect on the 
Earth’s radiation balance and therefore on global temperature, 
although not yet understood, should probably be taken into 
account in climate modelling because the decrease in atmo- 
spheric aerosol load may have had a positive feedback effect on 
temperature during the transition from Pleistocene to Holo- 
cene. 
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Palaeotidal speeds and ranges 
estimated from 
cross-bedding sets with mud drapes 


J. R. L. Allen 
Department of Geology, The University, Reading RG6 2AB, UK 


Tidally formed cross-bedding sets in which mud drapes are 
spaced out among sandy foresets occur in Cretaceous'~, 
Eocene and Holocene“ sands deposited subtidally by strongly 
asymmetrical sand waves. A striking feature of some sets*® is 
that the horizontal drape spacing, measured in the direction of 
sand-wave advance, varies cyclically on a time scale related to 
the spring-neap tidal cycle as indicated by the numbers of 
drapes. Each drape forms part of a distinctive lithological cou- 
plet, consisting of a group of sandy foresets recording avalanch- 
ing on the steeper side of the sand wave, followed by the drape 
itself, typically divided into upper and lower parts by a centrally 
placed silt~sand parting. The drapes have been assigned to slack 
water, but the groups of sandy foresets to episodes of vigorous 
flow, the combination suggesting a quantitative model based on 
the tide. Here I show how the peak speeds and ranges of ancient 
tides can be estimated by combining an empirical bedload 
transport function with appropriate measurements from such 
cross-bedding sets. 

Visser® and Allen* independently explained the lithological 
couplet by the action of a strongly asymmetrical tide, in which 
one stream (flood or ebb) flowed much more strongly than the 
other. The sandy foresets represent bedload transport beneath 
the dominant stream, the lower part of the drape the slack water 
following this stream, the silt-sand parting the weak bed- 
material transport due to the subordinate stream, and the upper 
portion of the drape the slack water preceding the secondmost 
dominant stream. Hence the sequence of drape spacings records 
a pattern of changing strength of flow which can be interpreted 
by introducing an appropriate bedload transport function. 
Knowing the flow strength, and given an independent estimate 
of flow depth, the tidal range and its variations can be calculated. 
Previous attempts to estimate the ranges of past tides’* have 
suffered from a reliance on generalized and ambiguous criteria. 

We require formulae for (1) the flow speed of the dominant 
stream over a tidal cycle, (2) the bedload transport rate due to 
that stream, and (3) the sand-wave celerity in relation to the 
bedload transport rate. The speed U (t) of the dominant stream 
is taken to be 


2at 


Uit)=U,, sin ().o<t<7/2 (1) 


where U „is the maximum speed, t time and T the tidal period 
(12.42 h for semidiurnal tide; ~24 h for diurnal tide). As there is 
no universally accepted way of representing the spatially 
averaged bedload transport rate J(U), we choose 


INSU =U UU FU as (2) 


where J is the dry mass per unit width and time, k an empirically 
determined dimensional sediment transport coefficient and U ses 
the tidal speed for sediment entrainment””’'®. The cube 
exponent conforms with theory’'' and experiment’*'*, pro- 
vided that only moderate to high transport stages are consi- 
dered. As most sand waves carry dunes, thereby implying such 
stages, k is evaluated below for the dune regime. The speed of 
sand-wave advance V (/) is 


2J 
Vyas (3) 
J Hy | 
where H is the sand-wave height and y the sediment dry-bulk 
density, a triangular sand-wave cross-section being assumed”. 
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Fig. 1 Drape spacing as a function of time sequence of groups of sandy foresets in cross-bedding sets with mud drapes. a, Holocene set, 
Oosterschelde (ref. 6, Fig. 4, with bundle thickness corrected to horizontal spacing). b, Cretaceous set, Folkestone Beds, Midhurst (ref. 4, Fig. 1, 
with horizontal spacing corrected to true value). 


By substituting equation (2) into equation (3) and integrating, 
the drape spacing, d, is obtained as 


k 
ga Ap (U(t\)-U.Fd, UW2U. (4) 
Hy t; 


where t, and ż, are the times during flow of the dominant stream 
when U (t)= U 

The model can be used in two ways to interpret Cretaceous 
and Holocene cross-bedding sets. Visser® measured 131 drape 
spacings (Fig. la) from a setin the Oosterschelde (Netherlands), 
thought to have accumulated 200-300 yr ago 10-15 m below 
sea level. The lengths of the cycles of spacings implied a semi- 
diurnal tide, slightly more than 2 months of sand-wave advance 
being covered. Allen* measured 65 drape spacings (Fig. 1b) 
from a set in the shallow-marine Folkestone Beds (Cretaceous) 
near Midhurst (Sussex), the precise water depth being unknown. 
The lengths of his cycles of spacings suggested a diurnal tide 
(sand omission at times) and about 2.5 months of sand-wave 
activity. 

How do the peak speed and range for the dominant tide at 
springs compare with the same quantities in neap conditions? 
Tidal theory’* gives as a first approximation 





Umno An > 
where Ums and Uma are the peak speeds and a, and a, the 
amplitudes (assumed to equal one-half of the corresponding 
ranges) respectively at springs and neaps. We can provisionally 
neglect U’.., in equation (2) provided that Ue is substantially 
less than Ums and U/,,,, on the grounds that a ratio is under 
consideration. Equation (4) then becomes 


Ums _ (4) 
52 -(9) (6) 


where d, and d,, are characteristic drape spacings in spring and 
neap conditions, respectively. The neglect of U „in equation (2) 
is perhaps acceptable for the Holocene set (U= 0.22 ms7') 
but certainly more limiting in the Cretaceous case (U= 


0.30 ms) at least using values estimated experimentally’. 
The characteristic spacings listed in Table 1 are the means of 
assembled spacings taken four at a time from each of Visser’s 
spring and neap tides (Fig. la) and two at a time from Allen’s 
(Fig. 16) neaps and springs, to smooth out storm effects, tidal 
inequalities and interference between neighbouring sand waves. 
The calculated peak speed and amplitude ratios in each case 
approach 2. The amplitude ratio of 1.87 from Visser’s data 
agrees with 1981 tidal predictions for Flushing (Vlissingen), 
only 23 km from his site. The tabulated overall mean ratio is 
1.52, ee from ~1.3 near a solstice to ~2.0 near an 
equinox’” 

What were the absolute tidal speeds and ranges? Values fork, 
H, y and U. are now required for equation (4). Laboratory 
data’? suggest the values for k (dune height and speed) and U ws 
in Table 1 (values not in parentheses) given the reported grain 
sizes of the sets. Sand-wave height is presumed to have been 
50% larger than the thickness H, of the preserved sets, on 
comparison with migrating current ripples", However, as 
current ripples are more strongly three-dimensional than sand 





Table 1 Comparison of values for Cretaceous (Folkestone Beds) and 
Holocene (Oosterschelde) cross-bedding sets 


AA NARA RAAT HALAL MAMAN AAAA A KBO AA EA AOA TANA EAE KANEDA AEAEE BAPAC RIALS 


Quantity Cretaceous set’ Holocene set® 

d,(m) 0.875 (mean of 10) 0.699 (mean of 16) 
d,(m) 0.088 (mean of 10) 0.107 (mean of 20) 
d./d,, 9.94 6.53 

UO al U nw Asn 

[equations (5), (6)] 2.15 1.87 
k (kgs? m~*) 2.19 (0.85) 1.21 (0.59) 
Uo æ (ms 7) 0.30 0.22 

Hye, (m} 1.88 oD 
7 y (kgm ie) 1,600 1,600 

U mns (m s~) [equation (4}] 0.70 (0.83) 0.78 (0.913 

U ms/U mn [equation (4)] 1.40 (1.48) 1.47 (1.49) 
Water depth {m) man 12,8 
a, (m) [equation (4)] m 0.96 (1.03) 
a,/a,, [equation (4)] asa 


1.47 {1.49} 
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waves, the height of the parent bedforms may have significantly 
exceeded this estimate. A porosity of 40% is plausible for the 
loosely packed avalanched sand'’, whence y = 1,600 kg m`. 
The calculated tidal peak speeds and amplitudes” are plausible 
(Table 1, values not in parentheses), suggesting that the general 
tidal model is apt, but seem low by a factor of ~2, judging from 
the Holocene case of the overall mean tidal ranges (springs = 
4.4m, neaps= 2.9m) predicted at Flushing”. Equation (2) 
apparently overestimates the bedload transport rate when k is 
based on laboratory experiments, possibly because these were 
performed at relatively very shallow flow depths. Although 
Colby’s*® data on the total sand transport of four moderate to 
large rivers do not equal in quality the laboratory results, they 
give estimates for k (Table 1, values in parentheses) significantly 
lower than the experimental ones, when empirically adjusted to 
bedload alone’*. The peak tidal speeds and ranges are better 
(Table 1, values in parentheses) but still low, indicating overes- 
timation of bedload transport. In the tidal case, the widespread 


Received 24 April; accepted 13 July 1981. 


Allen, J. R, L. & Narayan, J. Geologie Mijnb. 43, 451-461 (1964). 

Allen, J. R. L. Sediment. Geol. 26, 281-328 (1986). 

Allen, J, R. L. Geol. Mag. 117, 437-446 (1980). 

Allen, J. R. L. Nature 289, 579-581 (1981). 

Nio, S. D., Geologie Mijnb. §8, 18-40 (1976). 

Visser, M, J. Geology 8, 543-546 (1981), 

Klein. G. deV. Bull. geol. Soc. Am. 82, 2585-2592 (1971). 

Klein, G. deV. Bull. geol. Soc. Am. 83, 539-546 (1972). 

Bagnold, R. A. The Physics of Blown Sand and Desert Dunes (Methuen, London, 
1941). 


O N a ba a a a pa 


Nature Vol. 293 1 October 1981 
deposition of mud and its persistence on the bed from one tide to 
another may significantly inhibit sand transport during the 
episodes of dominant current, by armouring the bed (U.., 
raised) and by reducing the area from which sand can be scoured 
(flow undercharged with sand). Underestimation of the sand- 
wave height may also have affected the results. 

The above simple model helps us to quantify past cross- 
bedded tidal sediments. It strengthens the tidal interpretation, 
and provides crude estimates of the ratios of spring and neap 
peak tidal speeds and ranges, together with very rough absolute 
values for range and speed. Its imperfections are attributable to 
(1) the simplicity of the flow and sediment transport functions 
used, (2) poor understanding of sediment transport, and (3) 
possible differences between sand transport in tidal conditions, 
when mud can accumulate extensively, and in rivers and flumes. 
The third factor may prove a permanent limitation, in which case 
the model would be better applied to cross-bedding sets devoid 
of mud drapes. 
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Predator evasion as an explanation 
of diurnal vertical 
migration by zooplankton 


Hans-Bernd Stich & Winfried Lampert 


Max-Planck-Institut fur Limnologie, Postfach 165, 
D-2320 Plön, FRG 


Diurnal vertical migrations of planktonic crustaceans are 
widespread phenomena both in freshwater lakes and in the sea. 
The adaptive significance of this behaviour is unclear. This 
movement from the warm surface layers, which provide abun- 
dant food, to colder, deeper water with its poor food supply must 
place the migrating animals at a disadvantage compared with 
individuals remaining near the surface. The reduced availability 
of food and the energy consumed in migration result in reduced 
growth and reproductive capacity of migrating individuals. 
Moreover, the development time of the eggs carried in the brood 
pouch or in egg sacs is prolonged in cold water and the birth rate 
is reduced. We have studied vertical migration in a deep lake and 
report here that two very similar Daphnia species have different 
strategies. Daphnia hyalina shows a pronounced diurnal 
migration whereas Daphnia galeata remains near the surface. 
Although the non-migrating D. galeata has a much higher birth 
rate than D. hyalina, the latter is numerically dominant, as D. 
galeata suffers a high mortality near the surface. These results 
support the hypothesis that predator avoidance is one of the 
most important factors in vertical migration. 

As migration behaviour has evolved in different taxonomic 
groups in spite of a probable reduction in fitness, there must be 
some selective pressure favouring it and providing a higher 
overall fitness to migratory populations. Many hypotheses have 
been put forward to explain this selective pressure, including the 
avoidance of optically orientating predators’ and metabolic 
advantages of alterations in temperature’ or food’. To deter- 
mine the distribution patterns of zooplankton and the changes in 
food levels and temperature to which these animals are exposed, 
we carried out an intensive study of diurnal migration and 
environmental parameters in Lake Constance (southern FRG). 
This lake is mesotrophic with an area of 476 km’, a maximum 
depth of 252 m and a mean depth of 100 m. 
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Fig. 1 Typical examples of the different diurnal vertical migra- 
tions of D. galeata (open area) and D. hyalina (shaded area) in 
Lake Constance, July 1977. The left panel shows four of seven 
measured depth distributions of the populations at different times 
of day. The right panel illustrates the temperature and food 
gradients in the water column. Only that fraction of particulate 
carbon <30 pm is considered as filterable food. Such distributions 
were recorded monthly from February 1977 to April 1978. 
Zooplankton samples were taken at 11 different depths (vertical 
lines) using a 30-1 zooplankton trap every 4 h for 28 h. Tempera- 
ture and particulate carbon were measured 4 times a day; as there 
were only minor diurnal variations the values were averaged. 
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When following the migratory pattern during an annual cycle, 
we discovered interesting differences between the populations 
of D. galeata and D. hyalina, which are of a similar maximum 
size {1.7-2.0 mm) and general morphology. A typical example 
of the difference in behaviour is shown in Fig. 1. During the night 
both populations are in the upper layers of water, whereas in the 
morning D. hyalina moves downwards so that the two popu- 
lations are clearly separated during the day. In the late afternoon 
D. hyalina migrates back to the upper layers so that the two 
populations again overlap during the night. As there are 
substantial vertical gradients of temperature and food the 
populations are exposed to different environmental conditions. 
Most of the D. galeata population stays in warm water in 
conditions of abundant food, whereas D. hyalina lives at 5 °C 
for a considerable part of the day. The concentration of food in 
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Table 1 Seasonal changes in the population dynamics and mean environmental conditions to which migrating Daphnia hyalina and non-migrating — 
Daphnia galeata are exposed 
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Mean 
concentration Mean No. Egg 
Abundance of food temperature of eggs development Instantaneous 
Month Species (no. per m°) (mg C ry) (°C) per adult time (days) birth rate 
May D. galeata 41,514 0.705 9.3 6.2 8.9 0.101 
D. hyalina 9,887 0.633 8.9 4.2 9.6 0.079 
June D. galeata 342,006 0.080 9.5 0.05 9.1 0.002 
D. hyalina 600,133 0.075 7.4 0.2 13.3 0.003 
July D. galeata 639,906 0.143 14.6 3.5 6.8 0.122 
D. hyalina 220,610 0.096 7.4 0.64 13.1 0.024 
August D. galeata 38,207 0.336 14.2 7,1 8.8 0.147 
D. hyalina 91,500 0.155 Tal 3.68 14.5 0.055 
September D. galeata 154,789 0.184 12.4 2.20 9.1 0.056 
D. hyalina 272,212 0.107 6.7 1.01 15.4 0.029 
October D. galeata 14,155 0.161 10.5 1.90 TA 0.105 
D. hyalina 30,580 0,122 8.3 0.88 8.9 0.039 
November D. galeata 18,634 0.144 9.9 2.60 7.9 0.057 
D. hyalina 123,044 0.116 8.3 2.60 9,9 0.056 





Population size was estimated by integrating the depth distribution of numbers from 0 to 60 m and taking the average of six estimates per day. 
Particulate carbon smaller than 30 um was considered as food. A weighted average of the food concentration was calculated for each sampling time 
using the concentrations at the different depths and the corresponding numbers of animals. The mean concentration of food to which the animals were 
exposed during the whole day was calculated for the 24-h series; the same procedure was followed for the mean temperature. Animals 1.3 mm long 
were considered to be adults. This was the minimum size at which the first eggs appeared in the brood pouch. Egg development time was calculated 
from the mean temperature’. It was assumed that temperature fluctuations do not significantly affect the speed of development. Instantaneous birth 
rates were calculated from the number of eggs and the egg development times’. 


9 Differences between the two populations change during the 


annual cycle (Fig. 2); during early spring and winter there is no 
migration at all. Differential behaviour starts in June, after 
which the mean depth of the D. hyalina population is much 
greater than that of D. galeata, as is the daily amplitude of 
migration. In October, the Daphnia reach their maximum depth 
and amplitude of migration, and then the population returns to 
the initial state in winter. This behaviour cannot be explained by 
a simple avoidance reaction to the warm water, as in laboratory 
experiments both species grow and reproduce very well at a 

constant temperature of 20°C. In these conditions D. galeata 
| has only a slightly higher reproductive capacity than D. hyalina. 

We also studied both species simultaneously in simulated 
migratory conditions. In a flow-through system they were 
exposed to 20 °C with food during the night, and to 8 °C without 
food during the day. In this case D, hyalina produced more 
young than did D. galeata. 

The different migratory pattern has severe consequences for 
the population dynamics of the two species (Table 1). Because of 
the better food conditions, the number of eggs per adult in D. 
galeata is higher than in D. hyalina. Moreover, the eggs of D. 
galeata develop much faster due to the higher temperature to 
which they are exposed’. As a result the instantaneous birth rate 
of D. galeata is considerably higher than that of D. hyalina 
during the period of different diurnal vertical migration. From 
| these data, the D. galeata population would be expected to grow 
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much faster than that of D. hyalina, the former should 
theoretically reach such large numbers that it eventually 
outcompetes the latter. Surprisingly this is not the case. 
Numbers of the migrating D. hyalina are higher almost all 
summer, with the exception of July. Thus, there must be severe 
mortality of D, galeata, due to predators or some other factor 
near the surface. In the case of optically orientating predators 
such as fish, this predation pressure must be reduced during the 
night when D. hyalina feeds in the upper layers. In fact, analyses 
of the gut contents of certain whitefish (Coregonus wartmanni} 
and perch (Perca fluviatilis) showed that the fish ate nine times as 
many D. galeata as D. hyalina. 

Thus we conclude that by remaining in optimal conditions, D. 





May June July Aug Sept Oct Nov 


Fig. 2 Seasonal variations in the vertical migrations of the two 
daphnid species. The mean depth of the whole population was 
calculated from the distributions at different times of the day as 
illustrated in Fig. 1. Points represent the average of six mean 
vertical positions per day, with standard deviations calculated from 
these six positions, which give a measure of the daily amplitude of 
migration. From May to October, depth and amplitude of the 
vertical migration of D. hyalina (@) increase continuously, 
whereas there is only a slight seasonal effect in D. galeata (W). 





deep water can hardly meet the minimum energy demands of the 
daphnids although at the lower temperatures that prevail there, 
the metabolic rate is also reduced. However, the feeding rate is 
lower in these conditions. Food particles (smaller than 30 um) 
must provide a minimum concentration of 0.1 mg carbon per | 
for the animals to reproduce’. 


galeata is able to compensate for high mortality by high prop- 
agation, by migrating into deeper waters during the day, D, 
hyalina reduces its mortality but must tolerate low birth rates. 
The results of the laboratory experiments with fluctuating 
temperature and food conditions indicate that the latter strategy 
would be less effective for D. galeata. 
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As daphnids reproduce parthenogenetically during the 
summer a population can be considered as an assembly of many 
clones’. Therefore the increase in depth during the day and 
amplitude of migration (Fig. 2) might be generated by differen- 
tial response of individuals to changing environmental condi- 
tions or by selection pressures eliminating non-migrating ani- 
mals from the population, as long as the predators are active. 
When the pressure of predators ceases in autumn, the remaining 
non-migrating animals would be favoured so that the variation 
of the population would become re-established. These hypo- 
theses remain to be tested by genetic studies. 

We thank I. Krause for help with the carbon analyses and R. 
N. Bohrer for critical reading of the manuscript. This work was 
supported by Deutsche Forschungsgemeinschaft. 
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Visual orientation behaviour of flies 
after selective laser 
beam ablation of interneurones 


Gad Geiger & Dick R. Nassel 


European Molecular Biology Laboratory, Postfach 10.2209, 
6900 Heidelberg, FRG 


The use of a laser microbeam has allowed us to ablate specific 
small groups of cells deep in the larval brain of the housefly 
Musca domestica, without damage to overlying tissues. The 
ablation results in various specific alterations in brain structure 
and behaviour of adult flies. In the experiments described here, a 
set of large horizontal and vertical neurones on one side of the 
adult optic lobes was ablated. These neurones are known to be 
directionally motion sensitive and are thought to play an essen- 
tial part in visual orientation of the fly'*. However, visually 
guided orientation behaviour towards single objects by flies 
lacking the large horizontal and vertical neurones on one side 
was not significantly different from the behaviour of normal flies, 
although the response to moving gratings was reduced on the 
ablated side. Therefore we suggest that other sets of nerve cells 
are involved in the information processing of single moving 
objects, whereas the horizontal and vertical cells seem to be 
implicated in ordinary optomotor flight stabilization. 
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At least 12 different classes of directionally motion-sensitive 
large cell have been identified anatomically and electro- 
physiologically in the posterior lobula plate of the optic lobes*”. 
In the flies Calliphora and Phaenicia, some of these cells 
respond to horizontal motion’ ~*, others to vertical motion”. 
Among these are two sets of larger ipsilateral neurones: the 
H-cells (three neurones), which respond mainly to horizontal 
motion and are believed to be involved in optomotor turning 
responses as well as in visual orientation towards single objects, 
for example, fixation and tracking'*’*'’; and V-cells (8-11 
neurones), which respond mainly to vertical motion, and are 
considered important in thrust, lift and landing responses* **'” 
(for review, see refs 10-12). Here we investigated the role of 
these cells in visual orientation by examining the behaviour of 
the fly after their ablation. 

Elimination of the cells in adult flies proved to be technically 
difficult; therefore we decided to ablate their precursors in the 
larval brain. The development of the optic lobe neuropile starts 
halfway through the third larval instar’*, but lobula-plate 
neuropile differentiation starts later, probably in pupal 
stages'*'*. We therefore decided to perform the ablations in 
larvae before the third instar. 

The primary aim of the experiment was to determine and 
progressively tune the parameters required selectively to affect 
the cells of the lobula plate. Fly larvae were anaesthetized 
briefly with ether and brought into the light path of a micro- 
scope incorporated in a pulse dye-laser microbeam curgery unit 
(G.D., D.R.N. and H. S. Seyan, in preparation). The laser pulse 
duration was 1.3 us and the dye used was coumarin 2, operating 
at ~450 nm. Then restricted ablations were made deep in one 
brain hemisphere without damaging overlying cells. A large 
variety of anatomical defects and their behaviour correlates 
were obtained during progressive refinement of the ablation 
parameters. By using this fate-correlation we were able 
reproducibly to eliminate the H- and V-cells in the lobula plate, 
The lesions were made in a postero-lateral area of the larval 
brain at a depth of 30-60 um from the brain surface, and with a 
diameter of ~20 um (corresponding to two to three cell 
diameters), 24-32 h after hatching. The larvae were reared 
individually and the eclosed adult flies were then tested for 
changes in behaviour as described below. After completion of 
the tests, the fly brains were examined histologically (Fig. 1). 

In the 16 flies used here, all the large horizontally and 
vertically arranged profiles in the lobula plate were missing on 
the ablated side (except in three flies where residues of one to 
two vertical cells were detected), with the control side normal. 
The large H- and V-cells could easily be identified on the control 
side; therefore we conclude that these cells were missing on the 
ablated side. The lobula plate on the treated side was slightly 





Fig.1 Frontal (transverse) posterior-most section of lobula plates from the ablated (a) and normal (b) side of the same fly (reduced silver stain). 

Inset: half the brain is shown, with the optic lobes, lobula plate (LP), the medulla (M), the lamina (L), as well as part of the mid-brain (MB). The 

retina is peripheral to the lamina. In the micrograph only the large V-cells are shown and these are clearly distinguishable in the normal lobula 

plate, whereas only thin fibres remain on the treated side. The H-cells appear in deeper sections. Further evidence for the absence of the H- and 

V-cells is the lack of their large ipsilateral terminals in the posterior part of the mid-brain (compare with terminals on the normal side, marked by 

an arrow), The size of the lobula plate is slightly reduced on the treated side, although in the micrograph this difference is exaggerated, while the 
lobula plate on the treated side is obliquely oriented. 
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reduced in size. However, the remaining fibre pattern in the 
lobula plate appeared similar to that of the control side. The 
axonal projection pattern between the lobula plate and its 
adjacent neuropiles (medula and lobula) on the ablated side also 
seemed normal. There was no detectable change in the structure 
of the retina and other optic neuropiles. 

The optical stimulus used in the behaviour tests consisted of a 
long black vertical stripe which moved around the fly in the 
horizontal plane perpendicular to the fly’s vertical axis. In flight, 
the fly was tethered to a torque-thrust transducer” to measure 
its torque and thrust responses. In one test we measured the 
optomotor responses to clockwise or counter-clockwise tran- 
sient movement of the stripe’ (Fig. 2). The average response of 
individual experimental flies did not deviate significantly fom 
that of control flies. However, the response to the stripe moving 
in front of the ablated side was slightly (but not significantly) 
smaller and possibly more jerky than the response on the 
untreated side. The direction-sensitive and direction-insensitive 
optomotor components were calculated from this response”’, 
but revealed no significant differences between the ablated and 
control sides. In another test, the treated flies’ ability visually to 
fixate a vertical stripe!” was measured and found to be more 
noisy but otherwise normal. Thus the mean position of the 
fixated stripe was in the direction of flight and the standard 
deviation of each fixation performed was on average not 
significantly larger than in untreated files. The experimental fly’s 
thrust response, measured simultaneously in these tests as a 
function of the horizontal movement of the stripe, also appeared 
normal in shape and strength. In addition, experiments were 
performed on 5 of the 16 flies, in which vertical gratings were 
moved horizontally clockwise and counter-clockwise in front of 
each eye separately. The results revealed a significant reduction 
m average turning response of 54% for both directions when 
stimulating the ablated side. 

The reduction in the response to moving gratings on the 
ablated side and the normal response to a single moving stripe 
suggests that the H- and V-cells are mainly concerned with 
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Eig. 2 Optomotor torque response of ablated and normal mele 
flies to a moving, long, 5°-wide vertical black stripe, measured as 
the function of the position of the stripe around the fly. In flight, the 
fly was tethered to a torque-thrust transducer**, in the centre of a 
homogeneously illuminated background. The stripe was moved 
around the vertical axis of the fly, in front of the background, at a 
constant angular speed of 90°s *. It i moved clockwise from 
—135" to +135° (a) and after a pause of 8 s it was moved back from 
135° to ~135° (b); the direction of flight is defined as 0°. Torque 
was measured during the movement of the stripe and 1.5 s before- 
hand, to allow determination of zero torque line**. The tendency to 
turn to the right (torque to the right) was considered positive. Each 
fly was tested at least five times in each direction and this was 
averaged separately for each directon The left-hand side shows 
the average response of three treated malo files, ablated on the left 
side, The response to progressive movement (from front to back) is 
atmilar on both sides and similar to the response of normal males 
right-hand side. However, the torque response on the ablated side 
(left) is slightly smaller and jerky. The response to regressive 
motion (from back to front) on the left side is normal, the small 
differences lying within the range of the standard deviation (verti- 
cal bars). Similar results have also been obtained with three males 
oblated on the right side and with 10 female flies. 
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wide-field motion detection whereas single-object motion 
detection is performed by other neurones. This is supported by 
electrophysiological studies** demonstrating that the large H- 
and V-cells are responsible for wide-field motion detection. 

From our results we conclude that these large horizontal and 
vertical neurones in the lobula plate are not crucial to visual 
orientation towards single objects but are involved in back- 
ground motion detection and optomotor flight stabilization. 
Hence, we assume that at this level of information processing, 
the neurones in the lobula or the remaining neurones in the 
lobula plate are the ones essential for this orientation behaviour 
towards single objects in normal flies. 

We thank Harjit Seyan for technical assistance; Hilary 
Anderson, Duncan Byers, Klaus Hausen and Brian Mulloney 
for comments on the manuscript; Ines Benner for typing and 
Mary Holmes for correcting the manuscript. 
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Production of infectious Epstein-Barr 
virus in mouse lymphocytes 


David J. Volsky*, George Klein, Barbara Volsky* 
& ilya M. Shapiro 


Department of Tumor Biology, Karolinska Institutet, 
104 01 Stockholm, Sweden 


Most studies of the course of primary infection by Epstein-Barr 
virus (EBV, associated with Burkitt’s lymphoma and naso- 
pharyngeal carcinoma*’) have been made with human and 
other primate B lymphocytes, the chief naturally susceptible 
host cell type’. In vitro infection of B lymphocytes results, 
however, in their transformation into permanent lymphoid cell 
types in which the lytic cycle is virtually suppressed. Infection of 
B tymphocytes is sharply restricted to those cells that carry 
surface receptors for fmmunoglobin and the C3 component of 
complement. Infectibility may be entirely determined by the 
presence of EBV virus receptors, which is itself closely cor- 
related with the presence of receptors for B cell-spectfic 
complement (C3d), but the establishment of the latent trans- 
formed state of host cells may well involve other internal 
characteristics of the differentiated B cell. We now report that, 
by means of the technique for implaating EBV receptors into 
the membranes of cells that lack them‘, mouse lymphocytes can 
be infected with EBV resulting in a complete viral cycle, not ina 
state of latent transformation. 

Mouse lymphocytes do not bind EBV. However, after recep- 
tor implantation‘ they bound approximately half as much °H- 
EBV as the receptor donor Raji cells (Fig. 1). The radioactivity 
persisted in the target cells for several hours in culture in a 


* Prosent address Department of Pathology, University of Nebraska Moechcal Center, Omaha, 
Nebreka 68105, USA 





0028-0836/81/400399-—03$01 00 


© 1981 Macniian Journals Lid 


400 


C] Raji celis 
30 Receptor-impianted mouse lymphocytes 
W Control untreated mouse lymphocytes 


3 H-EAV bound to cells 
(% of total) 





Fig. 1 Binding of *H-thymidine-labelled EBV to receptor- 
implanted mouse thymocytes. EBV receptor-positive Raji cell 
membrane fragments were prepared and co-reconstituted with 
Sendai virus envelopes as described elsewhere*. The resulting 
hybrid Sendai virus envelope-EBV receptor vesicles (SRec-EBV) 
served for the implantation of EBV receptors into the membranes 
of the recipient cells. Thymocytes from 6-week-old CBA mice 
were suspended in a 160 mM NaCl, 20 mM Tricine-NaOH solu- 
tion at pH 7.4 at a concentration of 2 x 10’ cells ml”'. SRec-EBV 
was added at 4°C. After 10 min, the vesicle—cell mixture was 
transferred to 37°C for 45 min followed by two washings. The cells 
were resuspended in RPMI-1640 medium supplemented with 
10% fetal calf serum and antibiotics, and cultured in standard 
conditions (= receptor-implanted lymphocytes). Aliquots (10 pl) 
of *H-EBV (2,000 c.p.m.) were added to 20x 10° ml”! of the 
receptor-implanted or control (non-implanted) mouse lympho- 
cytes, or to the same number of receptor-positive Raji cells. After 
3h in culture, the cells were washed, submitted to mild tryp- 
sinization (0.125% trypsin for 5 min at 20°C) and counted for the 
remaining cell-associated radioactivity. 


trypsin-resistant form and therefore probably represented 
internalized virus. 

To test the functional activity of EBV in the receptor-implan- 
ted mouse lymphocytes, the cells were exposed to P3HR-1 
(P-EBV) or B95-8 (B-EBV) virus, cultured in standard condi- 
tions and stained periodically for EBV-determined nuclear, 
early and virus capsid antigens (EBNA, EA and VCA respec- 
tively). As shown in Table 1 and Fig. 2, all three antigens were 
demonstrable in the receptor-implanted cells but not in the 
unmanipulated, virus-exposed controls. This shows that mouse 
lymphocytes can be rendered EBV-susceptible by receptor 
implantation. However, their response differs from that of the 
human B-lymphocyte host cells in the following ways. 


Nature Vol. 293 1 October 1981 


© 


ur 


“fe Antigen-positive cells 





2 7 14 
Days after infection 


Fig. 2 Expression of EBV-determined antigens in mouse 

lymphocytes at different times after infection with two EBV sub- 

strains. The experimental system was as described in Table 1 

legend. The cells were stained for EBV antigens at different times 

after infection. Open columns, P3HR-1 virus-infected cells; 
shaded columns, B95-8 virus-infected cells. 


First, EBV-infectability of receptor-implanted murine 
lymphocytes was not restricted to the B-lymphocyte sub- 
population. As shown in Table 1, mouse lymphocytes obtained 
from thymus, bone marrow or as a purified spleen cell fraction 
could be infected by the virus. 

Second, in contrast to human lymphocytes, murine cells could 
be infected by both EBV substrains. It has been reported 
previously that the EBV substrain P3HR-1 is cytopathic for 
human B cells without inducing any detectable EBV antigen’. In 
murine lymphocytes, P-EBV induced all three antigens, 
although EBNA-positive cells were always present in lower 
numbers than EA- and VCA-positive cells (Table 1, Fig. 2). 
The B95-8 substrain of EBV° induced only EBNA, never EA or 
VCA, in human B lymphocytes’, whereas in mouse lymphocytes 
it induced very little EBNA, with EA and VCA forming a 
significant fraction of the cell population (Table 1, Fig. 2). 

Third, primary infection of human B lymphocytes by EBV is 
followed by the outgrowth of permanently transformed 


Table 1 Induction of EBV-determined antigens and viral DNA replication in EBV receptor-implanted normal lymphocytes after EBV exposure 


EBV substrain 
Cells used for infection EBNA 
Receptor-implanted 
Non-separated P-EBV 0.2; 1.0; 2.0 
splenacytes P-EBV + AraC 0.2 
B-EBV 0; 0.1:0.1 
Spleen B lymphocytes P-EBV 0.2;1.2 
Bone marrow cells P-EBV 0.1 
B-EBV 0 
Thymocytes P-EBV 0.2; 1.0; 2.2 
P-EBV + Ara C 0.2 
B-EBV 0 
Control 
Non-separated splenocytes; spleen B 
lymphocytes; bone marrow cells; 
thymocytes P-EBV or B-EBV 0 
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t Positive cells 


EA VCA EBV DNA 
replication 

1.8;6;12.5 1.0; 5; 8.5 1.0, 4.7; NT 
2.0 0 0 
1.0; 1.5; 5 0.8; 1:3 0.3; NT, NT 
1.0; 7.0 0.3; 5.0 NT; NT 
1.5 1.0 NT 
0.3 0.2 NT 
1:55.27. 0.9; 3.0; 5 1.0; 3.5; NT 
1.0 0 0 
1.2 0.8 NT 


0 0) Q 





Lymphocytes from 4~6-week old CBA or A/Sn mice were isolated by passaging the tissues through nylon mesh. Erythrocytes were removed by hypotonic shock. Spleen 
B lymphocytes were obtained by lysing T lymphocytes with an anti-@ serum and rabbit complement; 95-97% of the remaining cells were surface immunoglobulin positive. 
Separated lymphocytes were implanted with Raji-derived EBV receptors, exposed to EBV and cultured for 2 days as described in Fig. 1 legend. Ara C was added to cells 
(20 ug mit) 1h after virus exposure. Cells were fixed in acetone/methanol (for antigen detection) or ethanol/acetic acid (DNA-DNA hybridization). EBNA was stained 
by the anti-complement immunofluorescence method'’; EA and VCA were detected by direct fluorescence’, In each specimen 1,000-5,000 cells were counted. EBV 
DNA-DNA hybridization was performed in situ with nick-translated *H-thymidine-labelled EBV DNA as a probe, as described by Moar and Klein”. Exposure time was 7 
days. 500 cells were counted in each specimen. Multiple figures in the same column represent separate experiments, performed with different receptor preparations and 
different EBV batches. Nine of 20 performed experiments are shown. P-EBV = EBV derived from P3HR-1 celis'?: B-EBV = EBV derived from B95-8 cells°. DNA 


replication was detected by DNA-DNA hybridization in situ. NT, not tested. 
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(immortalized) lymphoblastoid cell lines that carry multiple 
copies of the viral genome and express EBNA*. No permanent 
immortalization of mouse lymphocytes has been achieved in 20 
experiments performed so far. On the contrary, time course 
studies demonstrated a step decrease in the number of EBV 
antigen-positive cells, with their complete disappearance 2 
weeks after infection (Fig. 2). Comparing these findings with the 
human lymphocyte system, it is tempting to assume that the 
non-transformability of murine lymphocytes by EBV may be 
due to the low inducibility of the nuclear antigen, particularly 
after infection with the transforming B95-8 substrain of the 
virus. However, the possibility of selecting transformed cells 
from the small population of EBNA-positive mouse lympho- 
cytes cannot be ruled out. 

The appearance of VCA-positive cells in EBV-infected 
mouse lymphocytes (Table 1, Fig. 2) suggests that the latter cells 
predominantly enter the full viral productive cycle. 

During the lytic EBV cycle in cell lines, replicative viral DNA 
synthesis precedes the synthesis of late viral products, as occurs, 
for example, in the SV40 system. However, in SV40, the 
synthesis of large T antigens is a prerequisite for viral DNA 
replication’. As very little EBNA was induced in the artificially 
EBV-infected mouse lymphocytes, the question arose as to 
whether this might represent a bottleneck, preventing EBV 
DNA replication. This was examined by in situ EBV DNA- 
DNA hybridization performed according to Moar and Klein’. 
As seen in Table 1 and Fig. 3a-d viral DNA-replicating cells 
could be detected in 0.3-4.7% of the EBV-infected mouse cells. 
The EBV DNA-producing cells expressed 25-100 grains per 
cell (Fig. 3a—d) compared with 200-300 grains per cell in EBV 
producer P3HR-1 cells (Fig. 3e) and 2-3 grains per cell in 
controls. Thus the number of EBV genome equivalents per 
mouse-producer cell is probably lower than in P3HR-1 cells. 

To test whether the lytically infected mouse cells released 
infectious virus, media were collected from EBV-infected 
mouse lymphocytes and tested for infectivity against Raji and 
Lukes cells. In the EBV genome-carrying Raji cells, the virus 
was tested for EA induction by superinfection, similar to studies 
with the P3HR-1 substrain’, and the Lukes cells, an EBV- 
negative B-lymphoma line (E. Kieff, personal communication), 
were tested for EBNA induction. As shown in Table 2, both 





Fig.3 Detection of EBV DNA replication in mouse lymphocytes 
by cytohybridization. Mouse lymphocytes were implanted with 
EBV receptors, exposed to EBV and subjected to in situ *H-EBV 
DNA-DNA hybridization 2 days after infection, as described in 
Table 1 legend. a-c, P3HR-1 virus-infected cells; d, B-95-8 virus- 
infected cells; e, control P-3HR-1 cells. a, c, d, e, x 300: b, x650. 


Table 2 Infectivity of EBV released by receptor-implanted, P-EBV- 
infected mouse lymphocytes (M-EBV), judged by the induction of 
EBV-determined antigens 


Target Antigen-positive cells (%) 
Supernatant source cells EBNA EA 
Receptor-implanted mouse Raji 3.5; 5.0; 3.5, 
lymphocytes infected with Lukes 1.5; 4.5; 8.1 
P-EBV 
Receptor-implanted mouse Raji 0 
lymphocytes infected with Lukes 0 0 
P-EBV in the presence of 
Ara C 
Mouse lymphocytes mock- Raji 0 
infected with P-EBV Lukes 0 0 


(no receptor implantation) 





Receptor-implanted mouse lymphocytes were infected with P-EBV 
in the presence or absence of Ara C (20 ug ml‘). Unadsorbed virus was 
removed 12-24 h after infection by washing the cells twice and resus- 
pending them in a fresh medium. Mock-infection was performed by 
adding EBV to untreated lymphocytes, which were then processed as 
the receptor-implanted cells. Culture media were collected 7-14 days 
after infection or mock-infection. All culture media collected from 
infected cells containing at least 3% VCA-positive cells were combined, 
filtered (0.45 um, Millipore) and centrifuged for 2h at 31,000g. The 
resulting pellet was resuspended in 2% of the original volume and 
designated as M-EBV. Culture media of Ara C-inhibited and mock- 
infected cells were treated as above (no pellets were obtained after 
centrifugation). Target cells were exposed to these preparations, fixed 
after 2 days and stained for antigens as described. Three separate 
experiments with different M-EBV preparations are shown. 


tests gave positive results. Media collected after mock-infection 
of untreated cells or after infection of receptor-implanted 
lymphocytes in the presence of cytosine arabinoside (Ara C) 
showed no infectivity (Table 2), thus demonstrating that the 
observed exogenous infectivity of the medium was not due to the 
possible release of an input or adsorbed virus. 

We conclude that EBV-infected mouse lymphocytes are 
capable of releasing biologically active EBV, referred to as 
M-EBV. Several attempts to demonstrate the presence of 
biologically active M-EBV after infection of the cells with the 
EBV B95-8 substrain have been unsuccessful, perhaps due to a 
low level of virus-induced VCA and viral DNA replication 
(Table 1; compare also Fig. 3a and d). 

We have thus found that a complete EBV-lytic cycle can be 
induced by primary infection of normal mouse lymphocytes. 
The fact that a cycle proceeds with little detectable EBNA 
challenges the notion that EBNA synthesis, like papova virus 
T antigens, is an obligatory early step in the lytic cycle’’. 
Conceivably, there may be two different, mutually exclusive 
pathways of EBV expression: the EBNA-positive trans- 
formation pathway in the human B lymphocytes and the lytic 
pathway in other primarily infected cells that may not involve 
EBNA synthesis. 

This work was supported by NCI grant 2 ROI CA 14054- 
07A1 and by the Swedish Cancer Society. D.J.V. is the recipient 
of a long-term fellowship from the European Molecular Biology 
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Chi, a promoter of generalized 
recombination in A phage, is 
present in immunoglobulin genes 


Amy L. Kenter & Barbara K. Birshtein 


Department of Cell Biology, Albert Einstein College of Medicine, 
1300 Morris Park Avenue, Bronx, New York 10461, USA 


Generalized recombination is a phenomenon dependent on 
recognition of homologous DNA and may be responsible for 
generating a mouse y2b—y2a hybrid immunoglobulin heavy 
chain’. The genetic element, Chi, has been shown to enhance 
generalized recombination in prokaryotes”. Sequence 
comparison predicted Chi to be present in the C,,3 domain of the 
mouse y2b gene, and using plaque size in the appropriate 
selective conditions as a measure of Chi activity”’, a clone 
containing the y2b gene™ was shown to confer Chi activity on 
the A vector which carried it. Thus Chi, if functional in eukary- 
otic systems, could have promoted the recombinational event 
which produced the y2b-y2a hybrid immunoglobulin. We 
report here that the frequency of Chi in the mouse genome is 
similar to that in other eukaryotic unique sequences but lower 
than in immunoglobulingenes. The positions at which Chi occurs 
in immunoglobulin genes and the fact that the y2b-y2a hybrid 
variants isolated from mouse myeloma cell line MPC11 may 
represent an aberrant class switch suggest that homologous 
recombination may be broadly applicable to the heavy-chain 
class switch. 

An immunoglobulin heavy chain gene is encoded by several 
discrete genetic elements: variable (V) region, D segment, 
joining (J) segment and constant (C) region. During differen- 
tiation, these genes apparently undergo two kinds of DNA 
rearrangement. The initial rearrangement, V-D—J joining, jux- 
taposes a V region to one of five J segments located 5’ to the u 
constant-region gene in the germ line'*”'*. Secondary re- 
arrangements involve the transposition of the intact V-D-J 
region from the u constant-region gene to one of seven other 
constant-region genes, accompanied by deletion of the inter- 
vening genetic material’* 7", These secondary rearrangements 
are thought to be the basis of the heavy-chain class switches ob- 
served on antigenic stimulation. 

Similar changes in heavy-chain class expression occur in 
mouse myeloma cell lines‘? **. We have shown that mutagenesis 
of the IgG2b producing mouse myeloma cell line, MPC11, has 
yielded various variant cells producing constant regions bearing 


markers'”**. Although some variants may synthesize complete 
y2a constant regions, others are actually y2b-y2a hybrid heavy 
chains’. Primary structural analysis of ICR11.19.3, a y2b-y2a 
hybrid, has localized the potential cross-over point to a sequence 
shared by the y2b and y2a genes? 7, This suggests that a 
mechanism dependent on this homology, such as generalized 
recombination, may have been used to generate ICR11.19.3. 
Special sites have been shown to influence recombination 
rates in organisms such as Drosophila and fungi; however the 
identity of these sequences has not been determined?” In 
contrast, sites in bacteriophage A which promote generalized 
recombination have been mapped genetically and analysed”. 
DNA sequence analysis of these Chi sites has localized Chi 

GCTGGTGG 
3’ (refs 


CGACCACC” 
6-10). The presence of the Chi sequence in the third domain of 
the mouse y2b constant-region gene suggested to us that, by 
analogy to its activity in the A—Escherichia coli system, Chi may 
have stimulated the putative generalized recombination event 
which gave rise to the y2b~y2a hybrid ICR11.19.3. 

In A phage, Chi sites seem to promote generalized recom- 
bination in an asymmetric fashion, acting over distances of 
5,000~10,000 base pairs**. These sites do not occur in wild-type 
A but can be selected for when the phage’s own recombination 
system, Red, has been eliminated and its Gam protein 
inactivated’, In these circumstances, phage cannot switch from 
Cairn’s @-type replication to rolling-circle replication which 
produces concatemers, a requirement for efficient encapsida- 
tion’*. Thus the phage is forced to use the RecBC pathway, E. 
coli’s major recombination system, which directs recombination 
of monomeric circles to form dimers; these structures can be 
used instead of concatemers as substrates for packaging into 
phage heads*’. Although this system is used inefficiently by 
Red Gam phage whose phenotype is the production of small 
plaques, a mutation generating a Chi” sequence in phage A will 
increase the frequency with which dimers are formed, increasing 
the burst size and thus the plaque size7***”. 

To determine whether the Chi sequence in the y2b C,,3 
domain could facilitate generalized recombination in A phage 
even though residing in the DNA environment of an immuno- 
globulin constant-region gene, SL59, a y2b genomic clone in the 
A vector Charon 4A (ref, 11), was tested for Chi phenotype and 
found to be positive. Charon 4A itself is Red Gam Chi’, with 
Chi* contributed by a bacterial insert which is lost during the 
cloning procedure (A. K., unpublished data). To ascertain that 
Chi activity in a Charon 4A clone is associated only with inserted 
DNA and has not arisen as a mutation in the phage arms, a 
Charon 4A, EcoRI mouse library was tested for Chi activity. 


activity to the nucleotide sequence 3’ 


previously unexpressed y2a serological and structural When individual recombinants from this library were assayed 
a Fig. 1 Switch DNA consensus sequences 
—— e e E ee contain the elements of Chi. a, Su and Sa 

Sa gee eT EOY ENTREE a DNA are homologous to each other and 
contain blocks of repetitive sequences 

which frequently repeat the first 7 out of 8 

Syl 53 GPPTCCAGGCTGAGCAGCTACAGGGGAGCTGGGGY APPTGGGAPTPTPG 3' (44) Chi nucleotides. Comparison of the y 
nn mens ements a family S-DNA to Su and Sa shows that 

Sy2b 5! GGGACCAGTCCTAGCAGCTPTGGGGGAGCTGGGGATGCTPGGAPTPTGA 3 the short sequences AGCT, TGGG and 

; ' | i TARRANT OR ARRAREN ' AGCTGGG occur at the recombination 
S3 5 PGNACCAGPNTPAGCAPYYACAGGGGAGCAGGGCAPCGTGCGAGTATPP 3 acs and ace shared amans ali S DNA 
types**. Therefore Chi can potentially be 

formed in any heavy-chain class switch 

b just as itis in MC101. 6, A Chi sequence 
3uc101 Seis “M603 was formed at the juxtaposition of Sa and 

5" + i 4! Syl in the myeloma MC101, Honjo et 

Germ-line a PGOCTPPGCTGGAATPPGYTGGGNTGPGCTG (45) al,*® have proposed that MC101 results 
from a series of unequal crossing-over 

g C101 z events between sister Peina a 

Germ-line y! CAGGGAGCTGGAGCTGA-TGGGTATAAAAA (39) PE me e ask 
sa could be facilitated by Chi. References 

MCIOI Sa-Syl (39) from which the sequences were taken are 


Sy} 


given in parentheses. 
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for Chi phenotype by plaque size, both large (Chi”) and small 
(Chi) plaques were observed. When present, Chi must thus be 
associated only with inserted DNA. Therefore, Chi* activity in 
the genomic clone, SL59, must be associated with the insert, 
which contains the y2b gene. 

Many A vectors, including Charon 4A, do not contain Chi in 
their arms (F. Blattner, personal communication). As Chi con- 
fers a selective growth advantage and can arise by a single base 
mutation, Chi sequences observed in unique sequence DNA 
might be cloning artefacts. However, the y2b constant-region 
gene has been independently sequenced four times and shows a 
Chi at the same position in each case*******”, Importantly, one 
of these sequences was of a cDNA clone which had not been 
passed through a A vector and thus presumably not brought 
under selective pressure for Chi’. It is unlikely that four 
independent base substitutions would have occurred at the same 
site to generate a Chi, while other positions were equally 
available. Thus, at least in the case of the y2b sequence, the Chi 
octamer apparently did not arise as a cloning artefact. 

Published immunoglobulin DNA sequences containing the 
Chi sequence include: (1) the 3’-flanking region of mouse « light 
chain**; (2) the heavy-chain switch DNA, located 5’ to the y1 
constant-region gene of myeloma MC101 and implicated in 
intrachromosomal constant-region transposition during the 
heavy-chain class switch; and (3) the heavy-chain variable 
regions of murine myelomas $107, M603, MOPC21 and the 
human hybridoma Sp1/HL (refs 14, 14, 40 and 41, respec- 
tively). A. Taylor and G. Smith have observed that six immuno- 
globulin Chi sequences occurred within 18 kilobases (kb) of 
DNA while only four Chi octamers were present in 70 kb 





Table 1 Frequency of Chi in mouse genomic DNA 





Amount of 
mouse DNA Frequency of Frequency 
screened” Chi per of Chit 
DNA insert size (kb) (kb) fragment? (per kb) 
Minimum insert 393.6 0.58 14.1 
(8.2) 
Maximum insert 734.4 0.58 26.4 
(15.3) 
Average insert 492.5 0.58 17.8 
(10.32) 


a eee 

A random distribution of Chi or any sequence of 8 nucleotides, when present on 
either strand of DNA, can be expected to occur once in 33 kb (4° +2), assuming a 
50% G+C content. The mouse has a 42% G+C content“, so the expected 
frequency of Chi in mouse is once in 70 kb. This expected Chi frequency for mouse, 
as calculated statistically, is lower than the Chi density for the mouse genome (once 
in 17 kb) and very different from the Chi frequency in immunoglobulin genes 
(every 3 kb). A similar observation was made in E. coli where Chi was found once 
in 5-10 kb, a frequency higher than that predicted**. The major difference 
between mouse and E. coli DNA is that in bacteria most of the DNA is used for 
coding, whereas in mouse most is non-coding. The inability statistically to predict 
Chi frequency may be because nucleotide usage is non-random or because the Chi 
octamer is selected for in both prokaryotes and eukaryotes, A fresh genomic 
mouse library was prepared from a variant of MPC11, ICR11.19.3, by partial 
Mbol digestion and subsequent ligation into the Red~Gam™ A vector Charon 28 
(ref. 49), prepared with BamHI. A portion of the unamplified library was modified 
on E. coli C600 r- m” (LE392) and 48 plaques were chosen randomly. Each was 
analysed by propagation on 594 P2 and growth on BBL-Trypticase®’, which 
discriminates between the plaque sizes produced by Chi* and Chi~ A2. In this 
random sample, 12 of the plaques were Chi*. Chi* activity is found only when the 
sequence is oriented in the appropriate direction with respect to A phage DNA 
arms*'. Therefore, a portion of the plaques scored as Chi~ probably contained the 
Chi sequence positioned in the inactive orientation. In addition, if a single 
restriction fragment carries more than one Chi, it will only be scored as one in this 
assay. Assuming that the number of Chi sites per fragment follows a Poisson 
distribution, the frequency of Chi~ plaques, 36/48, is the frequency that Chi is not 
present on a DNA fragment in the active orientation. Using the statistical 
argument Po +e~™ = 36/48; —In Py equals the mean (m) number, 0.29, of Chi 
sites in the active orientations. As Chi can occur with equal frequency in the 
inactive orientation, there are 0.58 expected Chi sites per fragment cloned. The 
average insert size was determined by restriction analysis of 10 ICR11.19.3 library 
clones. Phage DNA was obtained by a rapid extraction method (B. Wydro, 
personal communication). One ug of DNA was taken for each digestion with Bgill 
or EcoRI. Digests were run on a 0.8% agarose gel and restriction fragments sized. 

* Insert size x number of clones examined. 

t =P) =e-" where “In P, = m, the mean number of Chi sites per fragment in the 
active orientation. 

+ =(Frequency of Chi per fragment) x (size of fragment in kb). 
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Fig. 2 Proposed intermediate in heavy-chain class switch. The 
example is based on the MPC11 variant ICR11.19.3 and shows 
that Su and Sy2b regions are contiguous and where the Sy2a 
switch region DNA is in close proximity. The whole structure is 
presumed to be stabilized by homologies in the various switching 
regions and particularly by homologies amongst the constant- 
region genes. Chi may promote but is not necessary for the 
generation of this intermediate. a, Putative switching enzymes are 
induced and recognize, bind to and cause recombination in switch 
DNA resulting in a new variable region—constant region combina- 
tion. b, Hypothetical recombination enzymes are activated which 
recognize and act on DNA homologies to promote generalized 
recombination between the constant regions, resulting in a hybrid 
constant region. 


of other eukaryotic DNA sequences (personal communica- 
tion), 

It was therefore interesting to determine experimentally 
whether the mouse genome reflects a Chi distribution typical of 
unique eukaryotic DNA, or some heightened frequency as 
found in immunoglobulin DNA sequences. To determine this, a 
portion of the unamplified library of the variant ICR11.19.3 was 
plated and 48 plaques chosen at random. Each was analysed in 
conditions which discriminate between Chi phenotypes (see 
Table 1). From this sample, 12 of the 48 plaques were Chi”: thus 
the frequency of Chi in mouse DNA could be calculated to be 
1/17kb (Table 1), based on a Poisson distribution and an 
average insert size of 10.3+2 kb. Therefore, the frequency of 
Chi in immunoglobulin DNA—once in 3 kb—is higher than that 
in the mouse genome and other unique eukaryotic DNA 
sequences. The functional significance of this increased 
frequency is unknown, but is speculated on below. The 
functional assay for detecting Chi relies on the ability of the Chi 
Sequence to enhance recombination in A phage when pro- 
pagated on the appropriate E. coli host. As a similar assay for 
Chi cannot yet be carried out in a eukaryotic system, we can only 
speculate as to the nature of this sequence’s function, if any, in 
higher organisms. 

The positions at which Chi resides in immunoglobulin DNA 
may help elucidate this problem. Chi is present within the four 
VulllI-subgroup V regions of $107, M603, MOPC21 and 
Sp1/HL at nucleotides 21-28 corresponding to N-terminal 
framework amino acids 3-6'**°*'. By generating the putative 
DNA sequence corresponding to amino acids N3 to N6, 73% of 
mouse, 70% of human and all seven rat Vylll-subgroup V 
regions are potentially Chi* (ref. 42). The most common amino 
acid sequence (or protein consensus sequence) for all species is 
predicted to be Chi", by the same reasoning**. Chi is similarly 
predicted to be absent in human and mouse subgroups Vul and 
VulI and mouse subgroups VIV and VaV at the position 
discussed above. Using antisera specifically directed against 
human Vy subgroups, it has been found that half the V regions 
expressed belong to the VIII subgroup**. Chi may have 
functioned preferentially to expand the genes of the V, III 
subgroup by unequal crossing-over or to promote the sub- 
group’s gene expression. 

Although, of the heavy-chain constant region genes, only the 
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2b gene has been shown to contain Chi, the formation of Chi in 
the rearrangement of switch (S) DNA leading to expression of 
the y1 heavy chain in the MC101 myeloma suggests a more 
general role in the heavy-chain class switch. Switch DNA is 
located 5‘ to each of the heavy-chain constant regions and is used 
to facilitate the intrachromosomal transposition or sister 
chromatid exchange of the V region expressed with Cu in the 
primary response to the constant region(s) subsequently to be 
expressed °°°**° | It has been reported that the switch-region 
DNAs of » and a are notably homologous to each other and 
contain blocks of repetitive sequences**. These sequences, 
which frequently repeat the first seven of eight Chi nucleotides, 
are contained within the consensus sequence for the S-DNA 
recombination site and are capable of forming the complete Chi 
octamer On switch recombination. Although the y family of 
S-DNA is unlike that of u and a, the short sequences AGCT, 
- TGGG and AGCTGGGG occur at recombination sites and are 
shared between Su 1, Sy1, Sy2b, Sy3 and Sa“. It is therefore 
possible to generate a Chi sequence in almost every class switch 
(Fig. 1). As Chi stimulates homologous recombination, it may be 
that, once formed in the S-DNA, Chi can facilitate subsequent 
heavy-chain class switches. 

As noted previously, Chi in the y2b heavy chain may have 
been involved in the generation of a hybrid y2b—y2a variant 
from the MPC11 y2b myeloma cell line, This variant is one of a 
group of four y2b—y2a hybrid chains isolated, suggesting that 
the molecular pathway leading to such a hybrid is not 
infrequently used. The hybrids may have been the molecular 
consequence of an aberrant heavy-chain class switch, involving 
the recognition of base homologies within the constant-region 
gene in addition to the constant-region switching sites. The 
looped structure shown in Fig. 2 illustrates how an intra- 
chromosomal recombination intermediate may be stabilized 
by homology shared by the constant-region genes and S-DNA. 
Resolution of the depicted intermediate recombinant structure 
could thus lead to switching or to hybrid heavy chains. 
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Glucocorticoids and benzo(a)pyrene 
have opposing effects 
on EGF receptor binding 


Vesna Ivanovic & I. Bernard Weinstein 
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Physicians and Surgeons, 701 West 168th Street, New York, 
New York 10032, USA 


The potent tumour promoter 12-O-tetradecanoyl-phorbol-13- 
acetate (TPA), and related phorbol ester tumour promoters, act 
by binding to specific high affinity receptors on the cell surface 
and this leads to changes in cell membrane structure and 
function, as well as highly plelotropic effects on gere expres- 
sion”. The ability of the phorbol ester tumour promoters*”’, 
and of a recently discovered tumour promoter, teleocidin*, to 
induce inhibition of the binding of epidermal growth factor 
(EGF) to tts cell-surface receptors provides a convenient 
marker for the membrane effects of these tumour promoters. 
The fact that repeated applications of benzo(a)pyrene (BP) 
alone to mouse skin will elicit tumours ests that it can 
fonction as both an inittator and a promot . Thus, in addi- 
tion to its genotoxic effects, BP might induce membrane effects 
that resemble those seen with tumour promoters. Indeed, we 
have found that BP amd certain other polycyclic aromatic 
hydrocarbons (PAHs) are potent inhibitors of EGF-receptor 
binding in the mouse embryo fibroblast cell line C3H10T} (ref. 
11). As glucocorticoids can inhibit PAH and 
specifically inhibit tumour promotion on mouse skin'*”, we 
have also examined their effects on EGF receptors. We report 
here that gincocorticoids alone Induce an increase in EGF- 
receptor binding in C3H10T} cells and that pretreatment of the 
cells with a glucocorticoid opposes the inhibitory effects of both 
TPA and BP. Thus glucocorticoids may inhibit the carcinogenic 
process by inducing membrane effects that are reciprocal to 
those induced by carcinogens and tumour promoters. 

Figure 1 indicates that exposure of C3H10T# cells to a non- 
toxic dose of BP (1 x 10°*M) led to marked inhibition of EGF- 
receptor binding, inhibition being maximal at ~24 h. This is in 
contrast to the inhibition obtained with TPA or teleocidin, 
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which is maximal within a few minutes**. Therefore, we assume 
that although TPA can exert direct effects at the level of cell 
membranes , BP inhibition of EGF binding is mediated through 
indirect effects dependent on cytoplasmic and/or nuclear 
events. Additional studies, described elsewhere"’, indicate that 
several PAHs were able to inhibit EGF-receptor binding on 
C3H10T} cells with the same time course and in the same 
range of concentrations (1-4 x 10% M) as those observed for 
BP. The order of potency for the compotnds studied 
was: dimethylbenz(a)anthracene > BP > benza(a)anthracene = 
3-methylcholanthrene > 8-naphthoflavone. These findings 
have led us to propose"’ that BP and certain other PAHs can act 
indirectly, via the AA receptor system”, to induce membrane 
changes which mimic those produced by the phorbol ester 
tumour promoters and that this might explain their ability to act 
as complete carcinogens. 

In contrast to the effects of certain PAHs, we found that 
exposure of C3H10T} cells to the potent glucocorticoid 
fluocinolone acetonide (FA) led to significant stimulation of 
EGF-receptor binding (Fig. 1). The stimulation was apparent 
within ~1 h and reached a maximum by 24 h. Maximal stimula- 
tion of EGF binding by FA was ~1.9 times that of control 
cultures. We tested several other glucocorticoids at 107*~ 
10-°M and found that they also stimulated EGF-receptor 
binding with a time course similar to that shown in Fig. 1. The 
minimal concentrations of each of the glucocorticoids required 
to produce a 1.75-fold stimulation of EGF-receptor binding 
were: FA, 1x10°°M; dexamethasone, 1x10°M; B- 
methasone, 210° M; triamcinolone acetonide, 1x107 M; 
and hydrocortisone, 2x107 M. This order of potency agrees 
with previous data on the relative potencies of these compounds 
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Fig. 1 Effects of incubation of C3H10T$ cells with 2x107” M 
FA, 1x10 M BP, 1x10%M progesterone (P), or 4x10 %M 
testosterone (T), on specific binding of '*1-EGF. Confluent 
cultures (10° cells per 5-cm diameter dish) were exposed to the test 
compounds for various periods of time (0-24h) at 37°C in 
complete growth medium, before the EGF-binding assay. Assays 
for specific binding of EGF were done on intact cells, by incubating 
the cell monolayers with '*°I-EGF (15 pM) at 37 °C for 50 min, as 
described elsewhere’. For the ‘zero’ time points the test compound 
was added directly to the binding assay. Assays of total binding of 

I-EGF were always run m parallel with assays of nonspecific 
binding of '**]-EGF (that obtained ın the presence of a vast excess 
of unlabelled EGF (16 nM)). Nonspecific binding represented less 
than 15% of the total ‘*°J-EGF bound. This value was subtracted 
from the total to obtain the specific binding. Data are expressed as a 
percentage of the control, that is, specific '*1-EGF binding in the 
absence of the test compounds, which was ~3,000 c.p.m per 10° 
cells. Each point represents the mean of duplicate culture plates. 

Duplicate samples varied by <10%. 
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with respect to anti-inflammatory activity™, ability to inhibit 
TPA-induced promotion on mouse skin'*”’ and ability to inhibit 
methyicholanthrene-induced subcutaneous sarcomas in 
micet”, The stimulatory effect is specific to the glucocorticoid 
steroids as, when tested at concentrations as high as 107° M, 
progesterone, testosterone, cholesterol, 178-oestradiol and 
pregnenolone-16a-carbonitrile did not significantly affect 
EGF-receptor binding in C3H10T$ cells (Fig. 1 and additional 
data, not shown). 

In view of the ability of glucocorticoids to inhibit carcino- 
genesis” ’*, it was of interest to determine whether FA could 
antagonize the inhibitory effect of BP or TPA on EGF-receptor 
binding. C3H10T# cells were pretreated with solvent or FA for 
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Fig. 2 Effect of pretreatment of cells with FA on BP (a) or 
TPA(b) mhibition of EGF binding to C3H10T$ cells Confluent 
cultures were incubated in the absence or presence of 2x 1077 M 
FA for 24h (FA34). In a, all the cultures were exposed for an 
additional 24 h to the indicated concentration of BP (BP,,) in the 
continued absence or presence of FA. In b, the cultures were 
washed and assayed for binding of ‘“I-EGF in the presence 
of the indicated concentrations of TPA. The '**I-EGF-binding 
assays were performed as described in Fig. 1 legend. Data are ex- 
pressed as % of control, that s, specific EGF binding 
obtained in cultures not exposed to FA, BP or TPA Each point 
represents the mean of triplicate dishes, which differed by less 

than 10%. 


sere aaa o o aaao a OOU 


406 


Nature Vol. 293 1 October 1981 


24h, then exposed for an additional 24h to various concen- 
trations of BP before being assayed for EGF-receptor binding 
(Fig. 2a). In this experiment, in the absence of FA pretreatment, 
EGF binding was inhibited by ~50% by 2x10°°M BP. 
However, cells pretreated with FA and then exposed to 2x 
107 M BP showed a level of EGF binding greater than that of 
control cultures (that is, cells not exposed to FA or BP). High 
concentrations of BP (>4 x 107% M BP) were able to reverse the 
protective effect of FA. When cells were pretreated with FA the 
concentration of BP required to produce 50% inhibition of EGF 
binding (with respect to control cultures) was 3-4-fold greater 
than that required in the absence of FA. 

Figure 2b indicates that FA pretreatment also protected cells 
from TPA inhibition of EGF binding. In this experiment cells 
were pretreated with FA or solvent for 24 h and then assayed for 
EGF binding in the presence of various concentrations of TPA, 
because previous studies had established that TPA inhibition of 
EGF binding occurs within a few minutes of exposing the cells to 
the tumour promoter*™. In the absence of pretreatment with 
FA, ~50% inhibition of EGF binding occurred at 10° M TPA. 
In the case of the FA-pretreated cells, EGF binding in the 
presence of 10°°7M TPA was greater than that in control 
cultures. As with BP, high concentrations of TPA were able 
eventually to reduce EGF binding to a level below that of the 
control cultures in FA-pretreated cells. Compared with control 
cultures, a ~fourfold higher concentration of TPA was required 
to produce 50% inhibition of EGF binding in the FA-pretreated 
cells, 

These results indicate that FA is able to protect cells from the 
inhibitory effects of BP or TPA on EGF-receptor binding. These 
results may be of interest in terms of carcinogenesis because, as 
discussed above, PAHs can act as complete carcinogens and 
glucocorticoids can inhibit both PAH-induced carcinogenesis 
and TPA-induced tumour promotion. Note that glucocorticoids 
and tumour promoters also have reciprocal effects on various 
other biological phenomena. On mouse skin, TPA induces 
epidermal hyperplasia and tumour promotion””®; in cell culture 
it induces plasminogen activator, decreases fibroblast adhesion, 
stimulates growth in agar, induces arachidonic acid release, and 
enhances deoxyglycose uptake (for review see ref. 1). Gluco- 
corticoids have been demonstrated to have the opposite effects 
on each of these phenomena in normal cells'*’*?~*". In general, 
TPA induces changes in normal cells that mimic those seen in 
transformed cells’, whereas glucocorticoids tend to induce 
phenotypic reversion of transformed cells*’'. In view of the 
present findings with respect to EGF receptors, we suggest that 
many of the antagonizing effects of tumour promoters and 
glucocorticoids reflect reciprocal effects of these compounds at 
the level of cell-surface membranes. Occupancy of the cytosolic 
glucocorticoid receptors presumably leads to alterations in gene 
expression that include effects on cell-surface membrane struc- 
ture and function?'. Baker and Cunningham” have previously 
noted that human fibroblasts exposed to glucocorticoids have an 
increased affinity for EGF, a finding consistent with our results 
for C3H10Ti cells. Although further studies are required to 
elucidate the underlying mechanism, our results emphasize the 
important role that cell surface changes may have in both 
carinogenesis and anti-carcinogenesis. 

We thank Mrs E. Okin for the preparation of cell cultures. 
This research was supported by NCI grant CA-21111. 
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Immunoglobulin may be secreted by a lymphocyte or bound to 
the cell membrane as an antigen receptor’. The most common 
classes of membrane immunoglobulin (mIg) are IgM and IgD, 
but some B lymphocytes, thought to be involved in immuno- 
logical memory””, bear other classes such as mlgG and mIgA‘, 
In mice, the Hm heavy chain of mIgM bears a hydrophobic 
C-terminus whereas in the secreted (j1,) chain it is hydrophilic. 
There are distinct p, and Rm mRNAs with different 3’ termini, 
which are produced by alternative splices of transcripts of the 
active rearranged p gene” ’. There also seem to be alternative 
C-termini and distinct mRNAs for 6, and m chains*""’. The 
murine B-lymphoma cell line 2PK-3 (ref. 12) produces both 
membrane and secreted IgG2a™. The 2a,, polypeptide is 
larger and more acidic than the y2a, chain’*"*, but nothing is 
known about its C-terminus or about the mRNA and gene 
regions which encode it. We report here the identification of a 
3.9-kilobase (kb) y2a RNA species in 2PK-3 which is spliced at 
the 3’ end in a different way to the 1.9-kb y2a, mRNA. We 
suggest that this very long RNA is the mRNA for membrane y2a 
chains. 

To identify y2a RNA species in 2PK-3, we fractionated total 
poly(A)-containing RNA by size using electrophoresis, blotted 
it on to diazobenzyloxymethyl (DBM) paper`* and hybridized it 
to a Cy2a probe (probes b or d in Fig. 1A). As shown in Fig. 2 
(lanes a, i), two species of y2a RNA were detected, approxi- 
mately 1.9 and 3.9 kb long. In the RNA preparations shown in 
Fig. 2, these were present at an average of 50 and 10 molecules 
per cell respectively, as determined by densitometry of 
autoradiographs exposed for various times (M173 was assumed 
to contain ~2,000 molecules of y2a mRNA per cell, S. Cory, 
personal communication). However, for unknown reasons, the 
level of the 3.9-kb species varied in different cell preparations to 
as low as an average of one molecule per cell, even in cloned 
sublines. As plasmacytomas producing only secreted IgG2a, 
such as MOPC173 (Fig. 2, lane b), contain only the 1.9-kb 
species, in 2PK-3 this RNA is presumably the y2a, MRNA. The 
molecular weight of the y2a,, polypeptide is 10,000 (~90 amino 
acids) greater than that of the y2a, polypeptide’; the y2an 
mRNA must therefore be at least 270 bp longer than the y2a, 
mRNA (assuming a 100-bp 3'-untranslated region, as in y2a, 
mRNA), In 2PK-3, as the 3.9-kb species is the only detectable 
y2a RNA larger than the y2a,mRNA, it must presumably be the 
y2a,, MRNA. If this is the case, then it should bear the same Vu 
sequences as the 1.9-kb y2a, MRNA. To test this, we isolated a 
near full-length cDNA clone of the 2PK-3 y2a, mRNA, from 
which we constructed a V-region probe (probe a in Fig. 1A). 
Figure 2, lane c shows that even at high stringency, the V probe 
hybridized to the 3.9-kb species as strongly compared with the 


y2a, mRNA as did the Cy2a probe (Fig. 2, lane a), The V probe 
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Fig. 1 Probes used to analyse 2PK-3 mRNA. Fragments a-k 
were purified by electrophoresis on 5% polyacrylamide gels. A 
indicates fragments from a cDNA clone (p2PK3y44) constructed 
from 2PK-3 y2a, mRNA; B, fragments from genomic clones 
containing the Cyl and Cy3 genes”°; and C, one of the heterodu- 
plex molecules used to localize CR1 and CR2 (see text). Restric- 
tion sites are: Ps, Pstl; Hf, Hinfl; Pv, Pvull; Sc, Sacl; Bg, Bell; 
RI*, EcoRI*; Kp, Kpni; Rs, Rsal; Xb, Xbal; Hd, HindIII. CR1 
and CR2 indicate conserved regions 3’ to the genes (see text). To 
localize CR1 and CR2, fragment f from the Cyl clone and the 
corresponding Kpnl-HindIII fragment from the Cy3 clone were 
subcloned in the plasmid pBR322 using mouse DNA ‘linkers’. 
Heteroduplexes were formed between them and spread for elec- 
tron microscopy at either low (7,,—35°C) or moderate (T,,,- 
25 °C) stringency”, In the schematic diagram in C, the dashed lines 
indicate vector DNA and the solid, insert DNA. y3 and y1 indicate 
the subclones of the Cy3 and Cyl clones respectively. CR1 and 
CR2 represent the regions most frequently hybridizing in the 20 
molecules measured. 





must have been free of Cy2a sequences, because it did not 
hybridize to M173 y2a mRNA (lane d). 

To determine whether, like um mRNA, the putative y24,, 
mRNA is spliced at the 3' end in a different way to the cor- 
responding secreted-chain mRNA, we hybridized 2PK-3 
mRNA with a probe specific for the y2a, 3'-untranslated region 
(c in Fig. 1A). This region commences with a UGA stop codon"® 
and must be removed from the y2a,, mRNA by splicing if further 
amino acids are to be encoded at the C-terminus of the y2a, 
polypeptide, Figure 2, lane e shows that the probe hybridized 
strongly to the y2a, mRNA, but not significantly to the 3.9-kb 
species (the faint 3.9-kb band is due to slight contamination of 
the probe with C y2a coding-region sequences). Thus the 3.9-kb 
species is indeed spliced differently at the 3’ end. To determine 
the splice point, we hybridized a DNA fragment spanning the 3’ 
end of the y2a, sequence (m in Fig. 34) to either M173 or 2PK-3 
mRNA and determined the lengths of RNA-DNA hybrids 
using digestion with exonuclease VII'’. Figure 3a shows that 
mRNA from both M173 and 2PK-3 protected a 600-base 
fragment corresponding to y2a, sequences (see Fig. 34). (The 
doublet at 600 bp is presumably due to the removal from some 
hybrids of a poly(dT) tract at the 3’ terminus of the cloned cDNA 
which derives from the poly(A) tail of the parental mRNA 
molecule.) However, in 2PK-3, a distinct y2a RNA, presumably 
the 3.9-kb species, protected a 500-base region terminating 
near the 3’ end of CH3. Hence the novel splice in the 3.9-kb 
species is located within ~20 nucleotides of the end of CH3, 
probably, as previously proposed’, within the codon (GGT) for 
the penultimate (glycine) residue of the y2a, polypeptide'*. The 
Surrounding sequences GG/GTAAA closely match the 
consensus splicing sequence, AG/GTPuAG". 

To identify genomic sequences complementary to the 3’ end 
of the putative y2a,, mRNA, we focused on two regions 3’ to the 
Cyl and Cy3 genes which are as strongly conserved as the gene 


coding sequences’”*’. These regions, CR1 and CR2, might 
encode part of the 3' termini of membrane y1 and y3 mRNAs as 
the 3’ terminus of pm mRNA is known to be strongly conserved 
between humans and mice?’ and encoded ~2 kb 3’ to the rest of 
the Cu genef. We have now positioned CR1 and CR2 more 
precisely using heteroduplexes of DNA fragments subcloned in 
a plasmid vector, as indicated in Fig. 1B, C. CR1 (300 bp long) 
lies 1.2kb downstream from the genes, and CR2 (200 bp) 
300 bp downstream from CR1. Figure 2, lane f shows that a 
350-bp fragment 3’ to the Cy3 gene spanning CR1 (A in Fig. 1B) 
hybridized strongly to the 3.9-kb but not the 1.9-kb species. We 
therefore infer that part of the 3’ terminus of the 3.9-kb species 
is encoded by a region 3’ to the Cy2a gene that is closely 
homologous to CR1. An 800-bp fragment containing CR2 (j in 
Fig. 1B) hybridized weakly, if at all, to the 3.9-kb species and the 
less conserved regions represented by fragments g, i and k did 
not detectably hybridize (data not shown). As expected, a 2.0-kb 
fragment 3’ to the Cyl gene which contained CR1 and CR2 (f in 
Fig. 1B) hybridized specifically, albeit weakly, to the 3.9-kb 
species (lane g in Fig. 2). The y3 CR1 and y1 3' probes also 
hybridized to minor species of 3.4 and 3.5 kb (arrowed in Fig. 2), 
but these must be transcripts of the Cyl gene because a Cyl 
probe (e in Fig. 1B) hybridized strongly to both, whereas Cy2a 
(lanes a and i) and Cy3 (data not shown) probes did not. These 
species may be analogous to the untranslated transcripts of the 
Cu gene containing the 3’ terminus of pa mRNA which have 
been found in some lymphoid and myeloid cells”. 

Taken together, these observations strongly suggest that the 
3.9-kb species in 2PK-3 is the membrane y2a chain mRNA and 
is generated by a splice which replaces the 100-bp y2a, 3’- 
untranslated region with a 2.1-kb sequence encoded 3’ to the 
Cy2a gene. The 3’ position of this splice implies that the 
additional ~90 amino acids of the membrane y2a polypeptide 
are located at its C-terminus. As CR1 is located 1.2 kb 3’ to the 
Cyl and Cy3 genes, and is strongly conserved between these 





Fig. 2 Hybridization analysis of 2PK-3 mRNA. Polyadenylated 
RNA was isolated'* from cultured 2PK-3 cells or from M173 
tumours, and 1 yg per track electrophoresed through a 1.5% 
agarose gel containing 5 mM methyl mercury(11) hydroxide" and 
then transferred to DBM paper’. The DBM filters were hybri- 


dized overnight at 42°C with 2-5 x 10° c.p.m. ml”! of PP nick- 
translated probe” in 50% formamide, 5 x SSC (1 x SSC = 0.15 M 
NaCl, 0,015 M Na;-citrate) (lanes a, b, e, h, i): 50% formamide, 
2 SSC (lanes c, d); or 30% formamide, 5 x SSC (lanes f. g), plus 
0.02% polyvinylpyrrolidone, 0.02% bovine serum albumin, 
0.02% Ficoll, 0.1% SDS, 50 mM Na phosphate pH 7.0, 1 mM 
EDTA, 100 ug ml‘ denatured salmon sperm DNA, 40 ug mi~’ 
poly(C), 20 ug ml~’ poly(U). After hybridization, the filters were 
washed with 2xSSC, 0.1% SDS at 42°C for 3-8h. dried and 
autoradiographed. Lanes a, c, d-i contain 2PK-3 mRNA and lanes 
b and d, M173 mRNA. The probes for lanes a-i were respectively 
fragments b, b, a, a, c, h, f, e and d in Fig. 1. Lanes a-e and f~i were 
derived from different electrophoresis runs. The sizes of the 
hybridizing RNA species were determined by reference to mouse 
18S and 28S rRNAs which were assumed to be 2.0 kb and 4.7 kb 
long, respectively?” Arrows indicate the 3.4- and 3.5-kb species, 
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Fig. 3 Localization of the 3’ splice site in 2PK-3 y2a,, MRNA. 
a, Exonuclease VII digests of hybrids between 2PK-3 y2a mRNA 
and a cloned fragment of M173 y2a, cDNA, A Pvull-Bgll frag- 
ment spanning the 3’ terminus of cloned M173 y2a cDNA** was 
labelled with *?P at the Pvull site using the Klenow fragment of 
DNA polymerase I (ref. 25) and purified by polyacrylamide gel 
electrophoresis. The DNA was then mixed with total M173 or 
2PK-3 poly(A)-containing RNA (20pgml-' or 200 pgm! | 
respectively) in 10 ul of 60% formamide, 80 mM 1,4-piperazine 
diethane sulphonic acid pH 7.9, 5mM Tris-HCI! pH 7.9, 0.42 M 
NaCl, 3 mM EDTA, denatured at 80 °C for 3 min and then hybri- 
dized to the RNA at 60°C for 24h. The hybridization was 
terminated by dilution into 200 wl of 30 mM KCl, 10 mM Tris pH 
7.5, 10mM EDTA and unhybridized DNA sequences were 
removed by digestion with 0.5 U exonuclease VII'’ for 30 min at 
45°C. DNA protected from digestion was fractionated on a 0.2- 
mm 5% acrylamide gel containing 7M urea and detected by 
autoradiography. The undigested DNA at 750 bp derives from 
reannealed DNA fragments. The faint band located between the 
600 bp and 500 bp bands in M173 and 2PK-3 is probably an 
artefact due to overdigestion. b, Determination of the y2a, 3 
splice site from exonuclease VII digests. The asterisk indicates the 
position of the 32D label. Exonuclease VII is specific for single- 
stranged DNA’ and removes any sequences not hybridized to 
mRNA. 


two most distantly related of Cy genes, we suggest that it is 
common to the four Cy genes and encodes the specific C- 
terminal amino acids of membrane y chains. Both the presence 
in the putative y2a,, mRNA of sequences homologous to CRI 
and the length of CR1 (300 bp) are consistent with this hypo- 
thesis. Moreover, we have recently learned that several other 
B-lymphoma lines contain a candidate y2a,, MRNA of similar 
size to that in 2PK-3 and that conserved regions resembling CR1 
and CR2 occur 3’ to the Cy2a and Cy2b genes (R. Wall and 
T. Honjo, personal communications). The 3.9-kb y24,, mRNA 
is 2.1 kb larger than would be required to encode the 65,000- 
MW y2a,, polypeptide. It may therefore have a very large 
3'-untranslated region like that of the mRNA for the small-T 
antigen of SV40 (1.9 kb). Alternatively, it might encode a 
precursor y2a,, polypeptide with a long C-terminal sequence. 
As differential splicing generates mRNAs for membrane and 
secreted p>’, 8° '' and y chains (this paper), we suggest that this 
is the general mechanism by which lymphocytes simultaneously 
produce membrane and secreted immunoglobulin. 
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Human growth hormone (HGH), somatotropin, is a protein 
consisting of 191 amino acids with a molecular weight of 
~22,000. It is essential for linear growth and its application in 
the treatment of hypopituitary dwarfism is well established’. 
Growth hormone may also be effective in the treatment of other 
disorders including bone fractures, burns and bleeding ulcers“. 
Because growth hormone is species specific, human cadavers 
have previously been the only source of HGH. Moreover, the 
standard purification of pituitary-derived HGH does not pro- 
vide a homogeneous product, but rather a mixture of native 
HGH and modified forms and fragments of HGH, each of which 
may have different physiological roles’. The expression of HGH 
in Escherichia coli using recombinant DNA technology® pro- 
vides an inexhaustible source of a single eukaryotic protein. The 
bacterially synthesized HGH, produced from E. coli, is 
methionyl-HGH (Met-somatotropin), the extra methionine 
arising from the AUG start codon inserted at the beginning of 
the gene. This cloned product has now been purified to homo- 
geneity and its biological properties examined. For pituitary and 
bacterially synthesized HGH, specific activities as determined 
by radioimmunoassay are comparable. 

Bacterially synthesized HGH was purified to homogeneity (by 
SDS-polyacrylamide electrophoresis gels) starting with E. coli 
extract. Nucleic acids and membrane components were pre- 
cipitated by polyethyleneimine ’. The proteins remaining in 
the polyethyleneimine supernatant were fractionated by 
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ammonium sulphate precipitation (1.95 M) and the ammonium 
sulphate pellet was dissolved and chromatographed on diethyl- 
aminoethyl cellulose (Whatman DE53), CM-cellulose (What- 
man CM52). The CM52 fraction containing bacterially 
synthesized HGH was concentrated by ammonium sulphate 
precipitation and chromatographed on Sephacryl S-200 
(Pharmacia). 

The purity of the bacterially synthesized HGH was assessed 
by SDS-gel electrophoresis, gel permeation chromatography, 
and isoelectric focusing. The bacterially synthesized HGH 
appeared homogeneous on SDS-gel electrophoresis” and non- 
denaturing polyacrylamide gel electrophoresis at pH 10 (ref. 5); 
the bacterially synthesized HGH and pituitary-synthesized 
HGH had identical mobilities in both systems. Disulphide 
dimers are known to have decreased biological activity and 
cause antibody formation in human patients. However, no 
dimer was detected in the bacterially synthesized HGH on the 
pH 10 gels nor was any detected using analytical gel permeation 
chromatography (LKB Ultragel AcA54). The isoelectric focus- 
ing patterns for HGH from the two sources are very similar. 
Both contain a major and minor species identified by Lewis’ as 
HGH and desamido-HGH, respectively; however, the pitui- 
tary-synthesized material contains several minor bands not 
present in the bacterially synthesized HGH. 

Table la gives the amino acid composition of bacterially 
derived HGH. The experimental values obtained agree 
remarkably well with those obtained from purified pituitary- 
derived HGH. Automated sequence analysis of bacterially 
synthesized HGH (Table 1b) shows that the NH>-terminal 
residue is methionine and the sequence of the next 17 residues is 
in exact agreement with that of the published sequence of 
pituitary-derived HGH’. Quantitative recovery of methionine 
phenylthiohydantion (PTH) on the first cycle of degradation 
indicates that the preparation contains only free methionine at 
the NH,2-terminus. The presence of methionine at the NH- 
terminus of bacterially synthesized HGH is consistent with the 
evidence that formylmethionine initiates protein chains in E. 
coli’ and that this bacterium contains an enzyme which 


removes the formyl group’? 
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Fig. 1 Tryptic peptide mapping of bacterially synthesized HGH and pitui- 
tary-derived HGH. A sample of 1 mg of either bacterially synthesized or 
pituitary-derived HGH was reduced with -mercaptoethanol and carbo- 
xymethylated with iodacetic acid according to the procedure of Gurd?°. 

Digestion with tosylphenylalaninechloromethyl ketone treated trypsin 
(Worthington) was performed by adding 10 pg in 10 ml of enzyme to 1 meg of 
reduced carboxymethylated HGH in 1 mi of 1% ammonium bicarbonate. 

The reaction was allowed to proceed for 12 h at 37°C. A second aliquot of 
trypsin was then added, the mixture incubated a further 12 h at 37 °C and the 
reaction stopped by lyophilization. Peptide mapping was performed as 
described by Fullmer and Wasserman”’ using a Spectra Physics SP 8000 
HPLC. Samples of 25-50 yg, at a concentration of 1 pg pl”! in 5% glacial 
acetic acid, were injected onto a LiChrosorb RP-18 (EM Reagents) column 
at flow rate of 2 mi min” '. Peptides were eluted with a $0-min linear gradient 
from 0.1% orthophosphoric acid to acetonitrile, and monitored at 210 nm. 

Chromatogram a is derived from E. coli-synthesized HGH, chromatogram b 

from pituitary-synthesized HGH. 








Table 1 Amino acid composition and NH,-terminal sequence . of bacte all 
derived human growth hormone a 
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a, Composition Experimental Theoretical 
Amino acid values values 
Aspartic acid 20,5 20 
Threonine 9.6 19 
Serine 17.4 18 
Glutamic acid 28.0 27 
Proline 8,4 & 
Glycine 8.5 & 
Alanine 7.0 7 
Half-cystine 3.8 4 
Valine 6.9 7 
Methionine 3,5 a 

Isoleucine 8.0 a 
Leucine 25.0 26 
Tyrosine 8.1 a 
Phenylalanine 12.9 i3 
Tryptophan ND i 
Lysine 8.8 9 
Histidine 3.5 3 
Arginine 9.9 1i 


b, NH, -terminal sequence 
Next largest 


PTH-amino PTH-amino 
Cycle no. acid Yield (nmol) acid nmo 

1 Met 43.4 Ser 19.4 

2 Phe 25.6 Ala ye) 

3 Pro 18.4 Phe 4.7 

4 Thr* 20.0 Ala eu 

5 He 26.4 Pro IA 

6 Pro 12.3 Leu 5 & 

7 Leu 23.3 fle a2 

R Ser 2.5 Leu 3.4 

(plus PTH- 
dehydroserine) 

9 Arg 13.9 Leu 4.0 
10 Leu 21.7 Arg 2.4 
11 Phe 18.2 Lew 3.6 
12 Asp 16.8 Lew 4,3 
13 Asn 16,3 Asp 5.2 
14 Ala 16.4 Lew 2.8 
15 Met 18.3 Ala 3.7 
16 Leu 18,4 Ala 2.4 
17 Arg 19.3 Lew 5.2 
18 Ala 13.8 Leu 2.6 





In a, the experimental values presented are the average value of duplicate 
analyses performed following 24, 48 and 72 h hydrolysis in the presence of 6M HCI 
at 110°C with one crystal of phenol added. The values for serine and threonine 
were obtained by extrapolation to zero time. The 72-h values for isoleucine and 
leucine were used. Half-cystine was determined as cysteic acid and methionine was 
determined as methionine sulphone following performic acid oxidation according 
to the method of Hirs'’. Tryptophan content was not determined. The theoretical 
values for the amino acid composition of HGH are based on the data of LI. ND, 
not determined. In b, automated sequence analysis was performed using a Beck- 
man model 890 C sequenator, with a modified program with 0.30 M Quadrol- 
trifluoracetic acid, pH 9.0, as coupling buffer. 1 mg of bacterially synthesized HGH 
was combined with 3mg Polybrene, dissolved in 0.5 mi distilled water and 
subjected to 18 cycles of Edman degradation. Amino acid phenylthiohydantoins 
were identified by HPLC. 

* Threonine 2.8 nm plus 17.2 nm dehydrothreonine. 


Rather than sequence the entire molecule, we have used 
tryptic mapping to probe the internal structure of the molecule. 
Figure 1 shows the HPLC elution profiles of tryptic digests of 
bacterially synthesized (Fig. la) and pituitary-derived. (Fig. Lb} 
HGH. The total number of expected tryptic peptides is 21 
(lysine plus arginine = 20), with a free lysine being released due 
to the Arg-Lys-Asp sequence in the intact molecule. Twenty 
major peaks are observed with both preparations and the elu- 
tion profiles are nearly identical, with the exception of one peak 
which is shifted in the bacterially synthesized HGH tryptic 
digest. The non-coincident peaks labelled with an arrow in the 
tryptic digest of bacterially synthesized (Fig. 1a) and pituitary- 
derived (Fig. 1b) HGH were collected and examined by NH,- 
terminal analysis using dansyl chloride. The peptide from the 
bacterially synthesized HGH contained methionine at the NH- 
terminus whereas the NH,-terminus of the peptide from ii 
tary-derived HGH contained phenylalanine. These result 
indicate that the two peptides are the NH,-terminal t a tic 


peptides of each preparation and the difference in elution time P i 
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of the bacterially synthesized NH.-terminal tryptic peptide is 
accounted for by the additional methionine. 

To determine whether the bacterially synthesized and pitui- 
tary-derived HGH preparations were equipotent we deter- 
mined the weight gain response of hypophysectomized rats to 
treatments with 3, 10, 25, 50 and 100 pg of the materials given 
subcutaneously daily for 12 days. The results (Fig. 2) show that 
essentially identical growth occurred with the bacterial material 
and with the pituitary-derived material and also with a mixture 
containing equal weights of the two materials. Regression 
analyses of the data show that the three lines are not significantly 
different and that the highest value of A(=s/b) where s is the 
standard deviation and b the slope of the line) is 0.331, indicat- 
ing a high accuracy for the method, consistent with previous 
reports’. 

To determine whether repeated periods of treatment with 
natural and bacterially derived HGH were equally effective, we 
subjected rats which had been treated with HGH, 100 ug per 
day for 3 days, to a second treatment period of 9 days starting 15 
days after completion of the initial treatment. The results (Table 
2a) show no significant differences in growth with either pitui- 
tary or bacterially synthesized HGH preparations when equal 
weights of material were administered. The weight gains 
occasioned by the second treatment period were not 
significantly different regardless of whether the first or second 
treatment periods were with the pituitary or bacterially 
synthesized HGH preparations. These results indicate that the 
bacterially synthesized HGH does not contain factors limiting 
growth response to repeated treatment periods, such as 
increased immunogenicity or adjuvant effects of E. coli 
contaminants. The same conclusion has been drawn from a 
similar study comparing bacterially synthesized HGH with 
human pituitary HGH from another source '*. 

We were concerned to show that the weight gains of the rats 
treated with HGH from the two sources correlated with another 
parameter of body growth. A classical measurement of growth is 
tibial growth'*’°. We therefore determined the overall length of 
the left and right tibia of each rat receiving HGH, 50 jg per day, 
or buffer in the dose-response study, using X rays of the animals 
hindquarters taken 9 days after the last treatment. Table 25 
gives the mean tibia lengths for the treatment groups, the 
treatments being ranked by increasing mean tibia length. The 
treatments differed overall at the 1% significance level and 
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30 a4,89 14.8 0.331 
63.74 17.6 0.212 
04.74 16.8 0.282 
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Fig. 2 Dose-response curve for E. coli- and pituitary-derived HGH. Mean 
cumulative weight changes of groups of six hypophysectomized rats after 
treatment subcutaneously daily for 12 days with various doses of HGH: O, 
methiony! HGH (Genentech lot no. C 117-89}; 4, human pituitary HGH 
‘National Pituitary Agency lot no. AFP 4793-B), (8i), mixtures of equal 
weights of the two HGH preparations. The cumulative weight gain of a 
control group of 12 rats treated with glycine buffer was 2.8 g. 


100 


Table 2 Weight gain and tibia growth of rats 


a, Weight gain 
Materia! administered 


ist and Weight gain Weight gain Overall 
treatment treatment ist period 2nd period weight gain 
period period BESE. BESE. gtse, 
Buffer —~ ~.8+0.8 ~= — 
GEN HGH GEN HGH 6,941.1 11.82 2.6 19.042.4 
KAB HGH 5.74 1.1 10.9% 2.6 16.942.4 
KAB HGH GEN HGH 6.64 1.1 1732246 22.942,4 
KAB HGH 6.3+1.1 13.742.6 19.142.4 
Treatment/residual F 42.1 1.9 0.9 
P <0.001 NS NS 
b, Tibia growth 
Treatment R cmEse, fe P ty P 
Buffer 12 3.055 + 0.023 m = 
NPA HGH 6 3.153 + 0.033 2,35 0.05 
NPA + GEN HGH 6 3.176+ 0.033 2.95 0,01 0.74 NS 
GEN HGH 6 3.188 +0.033 3.16 0.01 
Treatment/residual F 5.10 
P <0.01 


In a, rats were treated with pituitary HGH (KAB HGH) or bacterially 
synthesized HGH (GEN HGH) for 3 days followed by 9 days of treatment with 
these materials starting 15 days after the end of the first treatment period. All 
treatments were given as 100 ug per rat subcutaneously, 7 hypophysectomized 
rats per group, NS, not significant. In 4, total tibia lengths of hypophysectomized 
rats treated for 12 days with 50 ug per day pituitary HGH (NPA HGH), bacterially 
synthesized HGH (GEN HGH) and a mixture of these materials, compared with 
buffer-treated control rats. Analysis of variance showed that the treatments 
differed overall at the 1% level. A t-test between each HGH treatment with the 
buffer control gave the t, values and significance levels shown and comparisons of 
the NPA and GEN HGHs pave the fa value which was not significant. Total tibia 
lengths were determined from X rays of the hindquarters of anaesthetized rats 
flattened onto Kodak high-speed BB5 X ray film with a Cronex RB intensifier 
screen using an exposure of 0.03 s from a Profexray Rocket 400 at a distance of 
20 in. using a dose of 100 mA, 40 KVP. Lengths were measured with a machinist 
micrometer using a hand-held magnifying lens from the proximal end of the tibia 
(intercondylar eminence) to the bony edge of the talocrural joint in line with the 
groove of the tibialis posterior tendon. 


t-tests between successive groups demonstrated that the buffer 
contro! differed significantly from all the HGH-treated groups. 
However, there were no significant differences between any of 
the mean tibia lengths of the three HGH-treated groups (see 
Table 26). Thus, these tibia growth measurements also demon- 
strate that the pituitary- and bacterium-derived materials are 
essentially equipotent. The use of X-rays, as described here, for 
determination of longitudinal growth of bones seems potentially 
useful because of the ease of the assay and its nondestructive 
nature. 

The equal biological potency of the various HGH pre- 
parations tested proves, for the first time, that the growth 
promoting property of the pituitary material is attributable 
solely to HGH and not to synergistic activity with other pituitary 
hormones or HGH variants known to be present in the natural 
preparations’ ™'®. The bacterially derived HGH would not be 
expected to react in radioimmunoassays for prolactin, follicle- 
stimulating hormone, luteinizing hormone or thyrotropic 
hormone because only HGH was cloned into the bacteria’, and 
absence of these hormones in the bacterially derived material 
has been confirmed (A. Parlow, personal communication). 
Moreover, the diabetogenic effect of human pituitary HGH 
preparations is apparently associated with contaminating 
peptides, which should be absent from the bacterially derived 
HGH. Also, the bacterially derived HGH preparation is free of 
aggregated forms of HGH and would therefore not be expected 
to be any more immunogenic than pituitary-derived prepara- 
tions because neutralizing antibodies in humans to HGH have 
been associated mainly with aggregated forms’’. No adverse 
effects were observed in the rats in the dose-response study, 
even in those given the highest HGH dose. The presence of an 
N-terminal methionine does not seem to affect the biological 
activity of the bacterially synthesized HGH and this is not really 
surprising because an HGH variant present in pituitary HGH 
preparations at about 5% (‘fast-HGH’) has a blocked N- 
terminal end, probably due to presence of an acetyl group’. 
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We conclude that the described purification procedure for the 
bacterially derived HGH is such that the material is equipotent 
with pituitary-derived preparations on a weight basis when 
administered to rats. The bacterial material is homogeneous by 
several analytical methods and its growth promoting properties 
in rats over a range of doses and in multiple treatment regimens 
indicate that the material should be clinically useful. 

We thank Dr A. Parlow of the National Pituitary Agency for 
supplying human pituitary HGH, and Kabi for supply of purified 
human HGH and support for the cloning of bacterially 
synthesized growth hormone. 
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Catalase (H,O,:H,O,-oxidoreductase, EC 1.11.1.6) is an 
enzyme that catalyses decomposition of hydrogen peroxide to 
oxygen and water, and is present in all aerobic cells. All catalases 
studied so far are tetrameric, each subunit (molecular weight 
~60,000) being formed by a single polypeptide chain with 
haemin as a prosthetic group'’. Catalase is one of the most 
efficient enzymes known, resulting in reaction rates approaching 
the diffusion-controlled limit. Knowledge of the three-dimen- 
sional structure of catalase should help to increase our under- 
standing of its mechanism of action, which is at present rather 
poor. It will also be of interest to compare the structure of 
catalase with that of other haem proteins, particularly from the 
point of view of evolutionary relationships. Thus, we have now 
analysed the three-dimensional structure of catalase from the 
fungus Penicillium vitale. From an electron density map at 
3.5 A resolution it was possible to trace the polypeptide chain. 
The haem group has been identified, and the active site localized 
using the specific inhibitor 3-amino-1:2:4-triazole. P. vitale 
catalase subunits have been shown to be composed of three 
domains, with a+, a and ajf type secondary structures 
respectively. Comparison with the structure of beef liver 
catalase? shows that the latter enzyme lacks the C-terminal 
domain of the P. vitale enzyme. 

Crystals of P. vitale catalase were grown, using the ultracen- 
trifuge method*, from a solution containing 17% 2-methyl-2, 
4-pentanediol, 0.1 M sodium acetate buffer pH 5.5, and a pro- 
tein concentration of 0.2 mg ml™’. The crystals were trigonal 
with a = 144.4 A and c = 133.8 A and belonged to space group 
P3,21. The asymmetric unit contained half a molecule. X-ray 
diffraction data were collected on a four-circle Syntex P2, 
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Table 1 Data collection and phase refinement parameters 
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No. of 
heavy No. of 
Resolution atom reflections 
Compound limit(A) Re Ry KR, Efu sites measured 
Native 3.5 20,627 
CH,HgOCOCH, 6.0 0.13 0.09 0.77 0.95 i] 4,341 
K,PtCl, 6.0 0.12 6.11 063 0.63 7 4,380 
Pb(CH,COO), 4.5 0.144 G11 6.74 0.99 8 9 569 
K,Ptcl, 4.5 O11 0.07 0.64 0.70 8 9,545 
K.Pt(NO.}, 3.5 0.12 0.08 0.63 0.68 R 20,361 
K,U0,F; 3.5 0.14 0.08 0.62 06.62 q 20,711 | 
R= SF pl ~ |Full 2 LFeul -Drui - LiF eu! (Donl 
: LIF, pl ' j LF; PH : SF yl oe iF, pi 


where Fp and Fpy are the observed structure factors for the crystals of the native 
protein and of the heavy atom derivative respectively; Dy, is the calculated. 
structure factor for the heavy atom derivative; E is the rms. lack of closure error; 
and f,, is the r.m.s. calculated structure factor for the heavy atoms sione. The 
overall figures of merit to 3.5 A resolution before and after two cycles of som- 
crystallographic symmetry phase refinement were Muo = G.63; pn = 0.85; my = 
0.89. 


diffractometer; Table 1 lists the heavy atom compounds used for 
isomorphous replacement. The electron density map at 6. 

resolution revealed that the P. vitale catalase molecule has 222 
symmetry and that the two subunits in the asymmetric unit are 
related by a non-crystallographic axis”. Thus the molecule of P. 
vitale catalase is found to consist of four identical or nearly 
identical subunits. The presence of the non-crystallographic 
symmetry provided a further opportunity of refining the phases 
of the structure factors. The isomorphous electron density map 
computed at 3.5 A resolution has been used to average related 





Fig. 1 Schematic drawing of the polypeptide chain conformation 
for one P. vitale catalase subunit. a-helices and B-strands are 
represented by cylinders and arrows respectively. The N-terminus 
and C-terminus of the polypeptide chain are marked. p, g and r are - 
2-fold axes of the molecule. Dimensions of the molecule along 
these axes are 70, 90 and 120A respectively. The relationship 
between the crystallographic fractional coordinates X, Y, Z and 
the orthogonal coordinates p, q, r is given by the equation 


X\ | 0.0033 0.0069 ~0,0022\ /p\ (0.4159) 
y |=| -0.0033 0.0069 aua] ( 4 +0159 
z) \ 0.0041 o 00063) ir 0 
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subunits non-crystallographically and two cycles of phase 
refinement were applied using the procedure described by Bri- 
cogne® (Table 1). The final electron density map obtained was 
good enough to trace the polypeptide chain. 

The whole chain consists of ~650 peptide groups, ~25% of 
which exist in helices, with ~18% in the form of extended 
segments packed in 8-sheets. Based on the total number of 
amino acid residues, the molecular weight of a P. vitale catalase 
was estimated to be 280,000, considerably higher than that of 
beef liver catalase’. Figure 1 shows how the secondary structure 
elements are arranged along the chain, while Fig. 2 is a stereo- 
drawing showing backbone folding and haem group positions 
for a catalase subunit. 

The polypeptide chain of the catalase subunit can be consid- 
ered to contain three domains, the largest forming 350 amino 
acid residues at the N-terminal end, and in accordance with the 
classification proposed for globular proteins’, belonging to the 
& +68 type. A remarkable feature of the domain is the eight 
extended strands which form an anti-parallel B-sheet twisted 
around to form a closed cylindrical surface. Some strands are 
separated along the chain by a-helical segments. 

An irregular region of about 60 residues connects the N- 
terminal domain and a smaller domain of 70 residues consisting 
of four successive a-helices. The helices of the second domain, 
together with some helices of the N-terminal domain, form one 
side of the molecular surface. 

The third, C-terminal domain contains 150 residues and 
corresponds in structure to the a/B type. It includes a B-sheet of 
five parallel strands flanked on each side by two helices. Its 
topology closely resembles that of flavodoxin’, but similar 
domains occur in several other proteins’®. 

Inspection of the regions of contact between the subunits 
reveals that at the 13th residue the N-terminus of the subunit 
passes through a loop formed by an irregular segment of the 
neighbouring subunit. 

A preliminary tracing of the polypeptide chain in the subunit 
of P. vitale catalase has been reported, but there was an ambi- 
guity in the haem position'’. This ambiguity has been resolved 
by measuring anomalous X-ray scattering on a crystal of native 
catalase, assuming iron atoms to be anomalous scatterers. The 
Bijvoet-difference Fourier map’? at 8 A resolution revealed two 
non-crystallographically related haem-binding sites. Each site is 
situated within the N-terminal domain, at the cylindrical surface 
formed by the anti-parallel B-sheet (Fig. 2). The distances 
between iron atoms in the different subunits are 31, 35 and 
46 A. 

Beef liver catalase is specifically inhibited by 3-amino-1:2:4- 
triazole'*!* and we have found that this compound also inhibits 
P. vitale catalase. A set of intensities was obtained from crystals 
of inhibited catalase at 6 A resolution and the difference Fourier 





Fig. 2 A stereodiagram of the a- 
carbon position in a P. vitale 
catalase subunit. The haem group 
plane orientation in the reference 
subunit is given by direction 
cosines of 0.64, -0.34 and 0.71 
with respect to the molecular p, q 
and r axes. The haem Fe coor- 
dinates are p= —3.6 Å, q = 16.6 À 
and r=15.3A. The aminotria- 
zole binding site coordinates are 
p=-2.9A, q=166A and 
r= 20.2 A. 


map calculated relative to the inhibited enzyme showed the 
inhibitor binding site to be ~5 A from the haem group. The 
apparent similarity of inhibition by 3-amino-1:2:4-triazole in 
P. vitale and beef liver catalase may imply a similarity in the 
structure of their active sites. Side groups can be seen, in close 
proximity to the inhibitor binding site, which occupy chain 
positions numbered tentatively 57 and 131. Other residues in. 
the haem environment belong to a side of the N-terminal 
B-sheet and to two a-helices. 

A preliminary comparison of the tertiary structures of beef 
liver and P. vitale catalases showed a close similarity in the 
folding of the polypeptide chain, except that the C-terminal 
domain of P, vitale catalase is absent in beef liver catalase. The 
position and orientation of the haem groups relative to the 
molecular axes are very similar in both catalases. There is no 
doubt that the binding site of 3-amino-1:2:4-triazole is at the 
active (‘distal’) side of the haem and that its position in P. vitale 
catalase is near that proposed for beef liver catalase. 

A more detailed interpretation of the electron density map of 
P. vitale catalase is difficult because the amino acid sequence of 
this catalase is unknown. However, some features of evolu- 
tionary relationships in the catalase family are already clear. The 
region of the active site is closely conserved whereas marked 
changes have occurred in other parts of the molecule. Further 
insights relating the structure of catalase to its activity will 
require investigation at higher resolution, as well as studies on 
the binding sites of hydrogen peroxide and all possible inter- 
mediates. 

We thank Drs R. G. Degtyar and L. V. Gudkova for providing 
purified P. vitale. catalase, Drs N. I. Sosfenov and Yu. V. 
Nekrasov for assistance in the experimental work, Dr L. V. 
Malinina for help in the refinement of a-carbon positions, Dr V. 
V. Borisov for stimulating discussion and Professor M. G. 
Rossmann for a preprint of his article. 
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Coalitions of male lions: 
making the best of a bad job? 


BYGOTT ET AL.’ present data from lions 


(Panthera leo L.) showing that coalitions. 


of males are more likely to gain tenure of 
female prides, retain tenure longer and 
produce more total offspring than 
singletons. These results are the first 
confirmation from field studies that 
cooperation within groups enhances 
reproductive success and thus that such 
cooperation increases the fitness of the 
individuals involved. 

I would like to point out an important 
feature of Bygott ef al.’s data which 
clarifies exactly how an individual male 
lion gains when joining a reproductive 
coalition rather than when gaining tenure 
of a pride himself. Bygott ef al.’s 
conclusion that males in coalitions of three 
Or more gain significant reproductive 
advantages is derived by multiplying the 
expected reproductive success of males in 
coalitions of different size by the prob- 
ability of different-sized coalitions gaining 
tenure of prides. This calculation results in 
a single combined measure of reproduc- 
tive success which increases with increas- 
ing group size (see Fig. 1 in ref. 1). 

However, there are at least two distinct 
ways in which individual male lions might 
gain by joining coalitions: first, males 
might enjoy a direct benefit, probably due 
to the more efficient foraging made 
possible by hunting with other males. 
Second, the advantage might be only 
indirect, due to ecological conditions 
‘forcing’ individuals to form coalitions to 
gain access to a crucial resource’*. 

The data presented by Bygott et al. can 
be readily separated in order to address 
this issue. From their Fig. 1, the estimated 
total number of offspring fathered by 
males during the average tenure of coali- 
tions of different sizes can be obtained 
(Table 1). These values are lowest for 
pairs and singletons and highest for coali- 
tions of three to six. Assuming, as do 
Bygott etal., no skew in male reproductive 
success, the number of offspring per male 
is readily derived; this value is greatest for 
singletons (Table 1). If skew in male 





Table 1 Total and per male reproductive 
success Of lions during the average tenure of 


coahtions 
No. of Total Reproductive 
males in reproductive SUCCESS 

group success per male 

i 8 8 

2 4 2 

3 14 4,7 

4 10 20 

6 30 5 





Data from ref. 1, Fig. 1. 
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reproductive success occurs, the expected 
reproductive success for all but the 
dominant male in groups is likely to be 
lower than these mean values. As a 
singleton can expect to produce more 
Offspring during his tenure than the 
average member of a coalition, individual 
male lions do not seem to gain directly by 
jOining coalitions. However, data from 
Table 1 of Bygott et al. clearly show that 
the probability of gaining tenure of a pride 
is high for coalitions of three or more, but 
low for singletons and pairs. Clearly, 
if prides were not limiting, the optimal 
strategy for males would be to breed as 
singletons. Thus, the advantage to males 
in coalitions is indirect, due to the greater 
probability of obtaining access to a female 
pride. This conclusion is not altered by the 
high average relatedness among males in 
coalitions’, as the gain to an individual's 
inclusive fitness derived through the 
reproductive success of related males in a 
coalition will not exceed that gained 
through independent reproduction of 
those same males, given that they can 
obtain access to a pride’. 

The distinction is important to under- 
standing the evolution of group living. 
Any male able to gain tenure over and 
hold a pride by himself should do so; 
forming coalitions is favourable only when 
ecological conditions result in severe 
competition for breeding opportunities 
among males. In such conditions, males 
that are unsuccessful at holding a pride 
themselves are forced to accept the (rela- 
tively) inferior alternative of joining a 
coalition to obtain any breeding oppor- 
tunity in the population. Thus, forming 
coalitions may be a conditional strategy 
evolved among males, many of which 
would be unsuccessful at gaining tenure of 
a pride on their own, for ‘making the best 
of a bad job, This does not imply that 
coalitions need be composed of males that 
have themselves tried unsuccessfully to 
gain tenure of a pride on their own, but 
only that such a conditional strategy might 
have evolved on an evolutionary time 
scale. 

Bygott et al. ask, “If members of large 
groups generally enjoy higher reproduc- 
tive success, why do not all male lions form 
large coalitions?’’. This is a serious prob- 
lem, because less than half (45%) of males 
in their study were found in large coali- 
tions of three or more. Their explanation 
of this discrepancy, based on the low 
reproductive rate of lions and the difficulty 
of forming coalitions, is unlikely, because 
if males in large coalitions enjoy direct 
reproductive advantages there should be 
strong selection to overcome problems of 
group formation and to form large coali- 
tions, even if they include unrelated 
males. However, viewed with the 
perspective proposed above, this paradox 
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is resolved: any male that can obtain. 
tenure by himself should do so, and coali- 
tions will only be as large as is necessary to 
ensure that individual males are likely to 
be able to gain tenure of a pride. 

Maynard Smith and Ridpath’ have dis- 
cussed an analogous situation—that of 
mate sharing by males in the Tasmanian 
native hen Tribonyx mertierii. Males were 
found to have higher individual 
reproductive success as singletons than 
when sharing a mate with another male, 
usually a sibling. The authors concluded 
that the evolution of cooperative poly- 
andry in this species depended on females 
being a limiting resource. In these condi- 
tions, cooperation among males is again 
parsimoniously explainable as a condi- 
tional strategy forced on males failing to 
obtain a female on their own. 

A similar argument attributing group 
formation to ecological conditions forcing 
individuals to form coalitions (habitat 
saturation® or resource localization’) 
rather than to direct reproductive advan- 
tages resulting from group living can be 
applied to many other group-breeding 
birds, in which per capita reproductive 
success of individuals in groups is lower 
than, or at best no higher than, that of 
pairs”, Of these group-living vertebrates, 
however, the most complete evidence on 
the relative importance of these advan- 
tages is that presented by Bygoit er al, on 
lions. Those data strongly suggest that 
male coalitions cannot be explained by 
any intrinsic advantage to living and 
cooperating in groups, but rather as mak- 
ing the best of ecological circumstances 
which force some individuals to form 
coalitions to gain any sort of breeding 
opportunity. 

I thank B, C. R. Bertram, R. L. 
Mumme, F. A. Pitelka and P. W, Sherman 
for comments, 
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3 . REPLY—Koenig is 
spelling out as. space. ed 
_ Originally from doing that there are a 
<- variety of possible ways in which male 
-Hons (Panthera leo) may benefit from 
` cooperating in large long-term breeding 
coalitions. We concentrated on large (23) 
as opposed to small (=2) coalitions and 
showed an absolute and per capita 
increase in reproductive success with 
increasing coalition size; this increase was 
obtained partly through an increase in the 
coalition’s chances of gaining tenure of a 
pride and partly through an increase in the 
time for which they could retain it. Both 
gaining and retaining tenure are presum- 
ably assisted by a combination of Koenig’s 
‘direct’ and ‘indirect’ advantages, which 
are difficult to distinguish. For example, it 
is likely that the enhanced hunting success 
- of larger groups’, and their advantage in 
competitions with rival scavengers? such 
as hyaenas (Crocuta crocuta) and other 
lions, will improve the general condition 
of the coalition members and therefore 
help them to fight rival coalitions before 
and during pride tenure. ‘Intrinsic’ as 
opposed to ecologically imposed advan- 
tages are surely inseparable. 

Singletons are an interesting case. We’ 
presented data on only two singleton 
males (compared with 70 males in coali- 
tions) because single males rarely hold 
prides. Those two who did manage to had 
reproductive success not significantly 
different from that of the far more 
numerous males in coalitions. Thus the 
data do not justify considering the forma- 
tion of coalitions in lions to be ‘making the 
best of a bad job’. It seems more reason- 
able to consider them, as with many other 
adaptations, as a way of making a good job 
better. 


BERTRAM ET AL. i i 
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Senegal River runoff 


FAURE AND GAC’ have used an 
unweighted 7-yr running mean of annual 
Senegal River runoff to predict future 
rainfail trends in the Sahel. They forecast 
a return to wetter conditions by 1985. 
Several questions arise from their 
analysis. 

The first is whether the Senegal River 
runoff reflects Sahelian rainfall. The river 
rises in the more humid mountainous 
region to the south of the Sahel. We have 
correlated the published runoff figures in 


e prevented us! 





Runoff {m7} 
+ 
S 


yol i 
r Lf 
500; 


00i——- 
1900 


1960 1980 


1920 1940 


Fig.1 Filtered Senegal River runoff flow. ——, 
7-yr binomial filter; ~- ~, 7-yr moving average. 


the paper with normalized annual rainfall 
departures for the Sahel (available up to 
1975) (ref. 2 and S. E. Nicholson, personal 
communication). The correlation co- 
efficient is 0.76 which is significant at 
the 0.1% level. Therefore, the runoff data 
are a reasonable proxy for Sahelian rain- 
fall. 

The second problem concerns the use of 
unweighted running means. These are 
notorious for introducing spurious cycli- 
city into the data, and for shifting the 
position of peaks and troughs’. We per- 
formed a spectral analysis on the runoff 
data (which are approximately normally 
distributed) and found strong cycles at 
around 30 and 2.29yr. This shows 
reasonable agreement with Faure and 
Gac. We then introduced a 7-yr binomial 
filter to the raw runoff data, which 
produced the curve shown in Fig. 1. It can 
be seen that the 1975 trough has now 
moved back to 1972, and the smooth 
upward trend of Faure and Gac has been 
lost. On this basis, the return to wetter 
conditions by 1985 can no longer be 
assumed. It is by no means certain that the 
30-yr cycle will be repeated for a third 
time. This points clearly to the dangers of 
a prediction based on a record length only 
double that of the wavelength of the cycle. 
The statistical problem is further rein- 
forced by Nicholson’s evidence that 
synoptic conditions in the two recent 
drought phases were quite different (ref. 2 
and §. E. Nicholson, personal com- 
munication). 

One final problem is the use by Faure 
and Gac of gradient lines a and b (in their 
Fig. 4) as estimation limits of the slope of 
return to wetter conditions. Because they 
are based on a sample of two, they give an 
unjustified air of accuracy to the results. 


J. P. PALUTIKOF 
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FAURE AND GAC REPLY—We are 
grateful for the statistical demonstra- 
tion of Palutikof et al. that the Senegal 
River discharge data are a good proxy for 
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Sahelian rainfall, although this has long 
been known by inhabitants, nomads and 
those who have studied the Sahel. The 
spectral analysis and binomial filtering of 
the discharge data by Palutikof et al. are in 
good agreement with our Fig. 4’ and 
illustrate well the general tempo of Sahel- 
ian drought in this century. 

However, the conclusion of a return to 
wetter conditions after a drought, and the 
approximately 30-yr cycle, are not based 
solely on this century’s discharge data for 
the Senegal River. Our conclusion is 
rather the result of a convergent series of 
arguments from various disciplines and 
data at several time scales, which yield 
evidence of a dramatic fluctuation in rain- 
fall over recent centuries with period of 
several decades between wet and dry 
peaks (Fig. A). It is these data which we 
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Fig. A General trend of annual rainfall in 
Sahel from historical information (modified 
from ref. 3). 


primarily use to establish the existence of 
the rough time scale of fluctuation, and 
which would be enough to inform us that 
severe Sahelian drought can be expected 
at time intervals of several decades. The 
river discharge data merely provide more 
accurate time series data. We use this to 
argue that if the inferred fluctuations of 
the past few centuries were similar to 
those observed during this century, then 
the next severe droughts could be expec- 
ted in about 2005, with an intervening wet 
period around 1992. 

Geological, prehistoric and historical 
data in this region? show a variability of 
climate in which the inferred rates of 
change are a function of the time scale of 
study. 

Drought is not a simple mathematical, 
statistical or philosophical phenomenon. 
It is a natural phenomenon, and must be 
studied as such by a multidisciplinary 
approach. 

We thank G. S. Boulton for clarifying 
and rewriting our reply. 
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Electrophoresis apparatus. Genetic 
Research Instrumentation have introduced 
a new range of electrophoresis apparatus 
that includes four new power packs, tube 
gel, horizontal and vertical flat bed gel 
systems, isoelectric focus apparatus and 
accessories for destaining, drying and 
gradient gel preparation. 

Circle No. 90 on Reader Enquiry Card. 


Planchet counting. A new low-level 
planchet counting system which offers a 
10-fold increase in sample throughput and 
results evaluation is now available from 
Laboratory Impex. The LB1027 system 
simultaneously counts very low levels of a 
or B radiation from 10 planchets of either 30 
or 60 mm diameter. Background count rate 
is usually < | c.p.m. for 60 mm planchets 
and < 0.5 c.p.m. for 30 mm planchets; the 
whole unit is encased in lead shielding to 
keep the background low. The LB1027 will 
find particular relevance in the monitoring 
of radionuclide emissions into air and 
water from nuclear power stations and fuel 
processing plants. 

Circle No. 91 on Reader Enquiry Card. 





Coagulation factor antisera. Five new 
antisera to coagulation factors are now 
available from Miles Laboratories. These 
antisera include y-globulin fractions to 
plasminogen, prothrombin, factor XII 
(Hageman Factor), and to both the heavy 
and light chain of high-molecular weight 
kininogen. Absorption with solid-phase 
immunoabsorbants render these antisera 
specific. 

Circle No. 92 on Reader Enquiry Card. 


Pressure vessels. Pope Scientific have 
introduced a line of portable stainless steel 
pressure vessels for safe and efficient trans- 
portation, storage or decanting of 
poisonous, corrosive or flammable 
substances. These vessels are designed for 
safety. They are rated at a maximum 
working pressure of 140 p.s.i. at 100°F. 
Pressure tests have shown that the burst 
pressure of these vessels is in excess of 1,200 
p.s.i. They are available in stainless steel 
with 1—16-gallon capacity. Butt weld 
construction is used to eliminate crevices or 
gaps where corrosion or contamination 
could develop. 

Circle No. 93 on Reader Enquiry Card. 


ELISA reader. Artek Systems Corporation 
have introduced a new manual ELISA 
reading system to complement their 
automated reader. The manual reader will 
read ELISA plates having either U-shaped 
or flat-bottomed wells. A high intensity 
quartz—halogen lamp in the base of the 
reader projects a beam of light through the 
ELISA plate, a narrow (10 nm) bandpass 
filter and on to a rapid-response silicon 
detector. The detector measures the 
intensity of the light beam in either per cent 
transmittance or absorbance and provides 
a digital readout in the appropriate units on 
the display at the front of the instrument. 
Circle No. 94 on Reader Enquiry Card. 


These notes. are based on information 
provided by the manufacturers. For further 
details circle the appropriate numbers on the 
Reader Enquiry Card bound inside the 
journal. 


Liquid nitrogen refrigerator. Union 
Carbide have introduced a new stainless 
steel liquid nitrogen refrigerator, the 
LR.500. It has a lightweight lid, made of a 
wear-resistant foam plastic, which consists 
of three pieces to allow easy access to the 
storage area. The refrigerant is liquid nitro- 
gen — this ensures temperature storage 
down to -195°C (77 K). The LR.500 is 
intended for use in any situation where 
bulk and long-term storage are required. 
Applications are the storage of animal 
semen in artificial insemination pro- 
grammes; storage of blood and biological 
materials in hospitals and medical labora- 
tories; and various industrial uses. The 
LR.500is 1,245 mm high witha diameter of 
1,213 mm. Capacity is 670 | of liquid 
nitrogen. 

Circle No. 95 on Reader Enquiry Card. 


Transition metal analysis. The Mettler 
DL40 memotitrator combined with an 
Orion Cupric ion selective electrode makes 
possible the analysis of a wide range of 
metal ions. Zn, Pb, Ca, Mg and Fe can be 
quickly and easily detected and measured. 
The titration is carried out using EDTA, 
TEPA and 1,10-phenanthroline as titrants. 
By correct choice of pH, two or more of the 
metal ions can be determined in one 
titration; choice of pH also allows inter- 
fering ions to be suppressed. 

Circle No. 96 on Reader Enquiry Card. 





Immunoperoxidase reagents. Vectastain 
ABC reagents offer a new approach to 
immunoperoxidase staining. The method 
relies on the high affinity and specificity of 
avidin D for the small molecular weight 
vitamin, biotin. When attached to 
antibodies, lectins or other proteins, biotin 
can act as a link between these proteins and 
a preformed avidin DH, biotinylated 
horseradish peroxidase H complex (ABC). 
This ABC technique is between 8 and 40 
times more sensitive, requires less time, 
produces lower background staining, and 
substantially reduces costs compared to the 
conventional peroxidase—anti-peroxidase 
(PAP) method. Vectastain ABC reagents 
directed against immunoglobulins from 
human, mouse, rabbit, goat, rat, sheep and 
guinea pig are available in kit form. 

Circle No. 97 on Reader Enquiry Card. 


Homogenizers. Miniature precision 
homogenizers/tissue grinders are now 
available from Jencons (Scientific) Ltd in 
0.1, 1 and 3 ml capacities, in handle-top 
form for manual use or with plain rod 
fitting for mechanical drive or finger-spin 
use. Also available is a wide range of other 
tissue grinders in glass to glass or poly- 
tetrafluoroethylene pestle to glass form, 
with up to 55 ml capacity. 

Circle No. 98 on Reader Enquiry Card. 


Smear preparation. Because of the risk of 
airborne infection, many laboratories are 
still reluctant to use centrifugation as a 
method for preparing smears when using 
fluid likely to contain pathogenic 
organisms. Shandon Southern Products 
introduced the Cytospin 2 to eliminate this 
risk. The Cytospin 2 is designed to conform 
to the latest international safety standards. 
It provides cytologists with a rapid and 
inexpensive method for concentrating cells 
as a monolayer on to a microscope slide, 
and is specially designed for handling 
biological fluids with low cell con- 
centrations. Samples can be individually 
prepared, loaded and sealed inside the head 
within the safety of a microbiological 
cabinet. 

Circle No. 99 on Reader Enquiry Card. 
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Capillary drawing machine. 
capillary drawing machine features solid- 
state controls and uses horizontal draw. 
The machine automaticlly shuts down 
when the glass has finished drawing. 
Circle No. 100 on Reader Enquiry Card. 


| Biosearch Makes 
Oligonucleotides 


- Custom synthesis of oligonucleotides 
Two to three week delivery time 
Sequence verified by Maxam Gilbert 

- Blocked nucleosides for phosphite- 
mediated syntheses 

- Blocked dimers and trimers for 
phosphotriester syntheses 

- Full line of linkers, adapters, 
primers and probes 

- Full spectrum of reagents for solid 
phase oligonucleotide synthesis 

- Custom preparation of DNA-protein 
conjugates for raising antibodies 
to specific DNA sequences 


Please inquire about our comprehensive 
line of immunochemicals, neuroagonists/ 
antagonists, enkephalins and other 
bioactive peptides 
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Supplying Human 
Leukocyte Interferon for 
clinical tests and 
research. 


2900-72nd Street North 
St. Petersburg, Florida 33710 
(813) 345-9371 
Circle No.02 on Reader Enquiry Card. 
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Digital waveform analyser. A new class of 
analog signal acquisition and analysis 
instrumentation has been developed by 
Analogic Corporation. The new Data 6000 
combines the features of a digital storage 
oscilloscope, waveform analyser, transient 
signal analyser, spectrum analyser and data 
acquisition system. The instrument 
consists of a set of interchangeable plug-in 
preamplifier digitizers, a central memory 
and computing system and 9-inch display, 
which provides both waveforms and 
alphanumeric graphic information. 
Optional accessories include a dual floppy 
disk drive and control unit. Low frequency 
information may be digitized at sampling 
rates up to 100,000 samples per second at 
14-bit resolution, and high frequency 
signals at rates of up to 100 million samples 
per second at 7-bit resolution. 

Circle No. 102 on Reader Enquiry Card. 


High-speed film. Kodak Ektachrome high- 
speed daylight film SO-489 (Estar base) is a 
new, very high speed EI 400 colour reversal 
film intended for photography in natural 
lighting. The film’s colour balance lends 
itself to applications involving the tracking 
of objects against a sky background — for 
example, in vehicle impact testing. 

Circle No. 103 on Reader Enquiry Card. 


Tensile testing chambers. Cryotech have 
introduced a new system for environmental! 
testing of plastics, metals and components 
in the temperature range + 200 to -200°C. 
This system is a combination of the TRA-5 
environmental chamber with a new dual- 
memory, programmable microprocessor, 
the MIC-15. Fitted to the TRA-S environ- 
mental chamber, the MIC-15 provides a 
high degree of repeatability in the 
controlled testing of strength and impact 
resistance at very low temperatures. The 
TRA-5 is very stable, with temperature 
gradients across the cooling chambers of 
< 0.5°C. Even during long experiments, 
temperature control is better than +0.1°C. 
The flow of the coolant, liquid nitrogen, is 
controlled by a solenoid valve. This valve 
remains energized until the required tem- 
perature in the test chamber is reached. For 
temperatures between 0 and 200°C, a 
1 ,000-W heater is used. 

Circle No. 104 on Reader Enquiry Card. 
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Animal ventilator. Harvard/Ealing’s 
universal animal ventilator consists of a 
combined centrifugal air pump and a 
solenoid-operated valve unit. The silent- 
running pump is contained in a floor unit 
with castors. All gauges are located on a 
panel at the top of the instrument. The 
control system on the ventilator acts as a 
visible check for the inspire—expire ratios 
set for the experiment. Other features 
include manual or automatic hyperflation 
pulses of 2,3 and 4 times the inspire breath- 
ing period, and introduction of gaseous 
anasthetic or oxygen directly into the 
animal’s system. 

Circle No. 101 on Reader Enquiry Card. 


High capacity balances. The HCE series of 
precise high capacity balances from 
Voland Corporation offers sensitivities of 
| part in 10 million or better with weighing 
capacities from 5 to 500 kg. Special 
features include electronic null indicator, 
digital chain readout and magnetic 
damping. Applications include precision 
gas mixtures, mass standards, precious 
metals, hydrostatic density measurements 
and other cases where very small changes in 
large masses must be measured. 

Circle No. 105 on Reader Enquiry Card. 





CO, laser. New from Rofin is a high 
stability industrial CO, laser. It is the first 
of a range of medium power laser machine 
tools designed for cutting, working and 
welding a wide variety of industrial 
materials. The output power of the range 
will extend up to 200 W and the first in the 
series, model 8010, has an output power 
continuously variable up to 50 W. The 
model 8010 cuts non-metallic materials 
such as plastics, fabrics, paper, etc. at 
cutting rates from centimetres per min to 
metres per min. The laser tool has many 
applications, for example, complex 
profiling and remote soldering/welding; 
for precision cutting it provides a non- 
contact process which eliminates problems 
of tool wear. 

Circle No. 106 on Reader Enquiry Card. 


Gas chromatography syringes. Field 
Instruments have announced a new line of 
syringes for capillary gas chromatography 
which give improved on-column capillary 
injection. A list of the new capillary 
syringes is now available. 

Circle No. 107 on Reader Enquiry Card. 
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Direct drive agitator. The new L.H. 
Fermentation agitator is designed for use 
with the LH 500 series III and the 2500 
series modular fermenter systems. A 
brushless motor with tacho feedback drives 
the two 40% of diameter impellers of the 
agitator through a variable speed range 
from 100 r.p.m. to > 2,000 r.p.m. Speed 
may be varied by a potentiometer on the 
agitator, by a 0-5 V external signal, or by 
the PO, control module (type 509). Vessels 
of 1 and 2 litres may be used and are fully 
interchangeable without the need for any 
adjustments. A heavy duty base plate, 
drive unit support and vessel mounting 
clamp provide a stable, vibrationless, free- 
standing unit. The new agitator is fully 
compatible with the LH standard 
microcomputer monitoring and data 
manipulating systems. 

Circle No. 108 on Reader Enquiry Card. 


Graduated centrifuge tubes. Made to 
withstand centrifugal forces of 3,000g, the 
A/S Nunc new 50-ml polypropylene 
graduated centrifuge tube features optimal 
translucency. The plug seal-type cap pro- 
vides a tight seal, yet is easy to open. 
Designed specifically for centrifuging cells, 
the new tube is also suitable for general 
laboratory applications. 

Circle No. 109 on Reader Enquiry Card. 


Laser power meter. The versatile internal 
calibration (from 400 nm to 1.06 um) of the 
new laser power meter from Newport 
Research makes it particularly useful for 
general optical/spectroscopic laboratory 
applications. Time varying events up to 100 
kHz bandwidth can be monitored by the 
output jack. The low power consumption 
circuit allows the unit to operate from 
batteries for 300 h. 

Circle No.110 on Reader Enquiry Card. 








NEW LITERATURE 


Disposable centrifuge tubes. The Corning 
brochure on disposable plastic centrifuge 
tubes provides general chemical resistance 
and physical performance specifications 
and a rotor selection guide. Circle 150. 


Bioproducts. Marine Colloids have 


produced a catalogue of their latest 
bioproducts, including agarose. Circle 149. 


Fluoride analysis. An applications note 
from Techmation Ltd. describes the 
routine use of the Wescan Model 260 ion 
analyser to detect fluoride at the p.p.m. 
level in the presence of other halides, nitrite 
and nitrate. Circle 148. 

Gel filtration LC. A data sheet from Kratos 
describing pre-packed gel filtration HPLC 
columns includes specifications of three 
sizes of rigid spherical silica gel, and four 
sizes of semi-rigid silica gel. Circle 147. 


Copies of these publications can be obtained 
using the reader enquiry card. 








Gamma counting. The new y counting system 
5500 from Beckman features new 
microprocessor-based data reduction, with 
a 200- or 400-sample capacity and single or 
dual channel operation. The system 5500 
has curve fitting versatility, editing capa- 
bility and off-line computation. It is 
designed for clinical and biomedical 
research applications including RIA tech- 
niques, receptor analysis, enzymological 
studies, and for molecular weight deter- 
minations. Manual/automatic sample 
counting is possible and the sampling 
system consists of a series of removable 
sample racks, each holding up to 10 
samples. The system can accept from 1 to 
20 racks (40 racks in the 400-sample 
version). Racks can be counted in any 
order. The y 5500 rack accommodates 
almost any sample tube size up to 
16 x 87 mm. 

Circle No. 111 on Reader Enquiry Card. 





Insulated containers. A new bulletin from 
FTS Systems Inc. describes three models of 
stainless steel container which can be used 
for applications from liquid nitrogen to 
boiling oil. Tips on the use of accessory 
pumps, stirrers and temperature controls 
are also included. 

Circle No.112 on Reader Enquiry Card. 








SINGER MICROMANIPULATORS 
ARE FAMOUS BECAUSE 


Singer Micromanipulators enable anyone to 
make exact movements without tremor or lost 
motion, in three dimensions, using a single 
control handie under low or high power 
A varied range available. All simple to operate. 


SINGER INSTRUMENT CO. LTD., 
Treborough Lodge, Roadwater, Somerset. 


THERMAL 


Model TS-2 holds any tem- 


perature, minus 25°C to 
plus 60°C. It’s thermoelec- 


tric, has no moving parts, 
no vibration 
The TS-2 stage fits most 


microscopes. Temperature 


control is automatic and 
the equipment includes a 
microprobe thermometer. 


BAILEY INSTRUMENTS INC. 
Saddle Brook, N.J. 07662 + U.S.A 








Modular incubator Chamber can be used for all types 
of tissue culture (aerobic, anaerobic). Easy to use! 
Simply flush with desired gas mixture and place at 
appropriate temperature. Inexpensive, quantity dis- 
counts rte Trav ntk aa pod 977 dei mar, ca 


92014-0977 usa (714) 755-3309. 
e o 
DIRECTORY OF 90 U.S. 

BIOTECHNOLOGY COMPANIES 





Get this information- psascked 
directory FREE with a 1-year 
subscription to Biotngineering News. 
Chiron, Xenogen, Phyllogenics, 
Synergen, Syngene, PICL, AGRI, IPR, 
and Armos are just a few of the 
companies described in the 
directory. And Biotngineering News 
will keep your information up to 


date--every two weeks--all year 
long! Rush your check for $295 ($317 
overseas) to: BicEngineering News, 
109 Minna Street, Suite 304, 


Frencisco, Calif., 94105. 
SE 
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Circle No.29 on Reader Enquiry Card. 


Circle No.31 on Reader Enquiry Card. 


Circle No.32 on Reader Enquiry Card. Circle No.35 on Reader Enquiry Card. 





















olecular Biology, University of 
Cambridge) has been awarded the 1982 
Forteza Memorial gold medal by the 
Institute of Cell Research of the Caja de 


The Hinton Award awarded by The 


Institution of Nuclear Engineers has been 
— presented to Dr Brian Tomkins (UKAEA) 
for his outstanding engineering work in the 
puclear energy field. 


-The Norbert Wiener Memorial Gold Medal 


has been awarded to Dr T.C. Helvey 
_ (University of Tennessee) in recognition of 
his contributions to cybernetics. The 
winners of the 4th International Norbert 
_ Wiener Essay Competition were: Dr A.M. 
Andrew (University of Reading); Dr V.K. 
<o Bykhovsky (USSR); 


Dr Ger Lou 
(Academic Sinica, People’s Republic of 
China). 

The Marlow Medal and Prize for work in 
physical chemistry and chemical physics 
will be made to a chemist who has made the 


< most meritorious contribution to physical 


chemistry or chemical physics. It is open to 


a ‘members of the Faraday Division of The 


Royal Society of Chemistry of not less than 
three years’ standing. Applications: Mrs 
YA. Fish, The Royal Society of 


a Chemistry, Burlington House, London 


WI, UK. 


_ Ceased publication 


: For the past sixteen years the Imperial 
‘Cancer Research Fund has published and 


: distributed the book Research Using 
Transplanted Tumours of Laboratory 
Animals, a Cross-Referenced Bibliography 
to individual & research workers and to 
librarians. Please note that the series is now 


: ending with volume 16 but any enquiry on 
_ problems with experimental tumours can 
--snll be addressed to the Research Data 


: <- Unit, ICRF, Burtonhole Lane, London 
ooo NW7, UK. 


2 Meetings 


28-30 November, Aging Brain and Ergot 


-= Alkaloids, Rome (Dr A. Bosio, Dept of 


ae < Pharmacology, University of Milan, Via 


~Nanviteli 32, 20129 Milan, Italy). 

2-5 November, Kallikreins and Kinins, 
Munich (Dr H. Fritz, Nussbaumstrasse 20, 
--D-8000, Munich 2, FRG). 

3-9 November, Remote Sensing of Arid 


and Semi-Arid Lands, Cairo (Remote 


“Sensing Center, ERIM, PO Box 8618, Ann 


< Arbor, Michigan 48107, USA). 
41 November, The Containment and 


Dispersion of Gases by Water Sprays, 
<>. Manchester (D.V. Greenwood, ICI PLC, 
<> Heavy Chemicals, New Science Group, PO 
Box 11, The Heath, Runcorn, Cheshire, 
UK). 





21 November, Brewster Bicentenary 
Symposium, Edinburgh (Dept of Tech- 
nology, Royal Scottish Museum, 
Chambers St, Edinburgh, UK). 

25-27 November, 2nd Mediterranean Con- 
gress of Chemical Engineering, Barcelona 
(FOIM, Plaza de Espana, Barcelona-4, 
Spain). 

20 November — 7 December, Cetacean 
Reproduction: Estimating Parameters for 
Stock Assessment and Management, La 
Jolla (National Marine Fisheries Service, 
Southwest Fisheries Center, 8604 La Jolla 
Shores Drive, PO Box 271, La Jolla, 
California 92038, USA). 

30 November-3 December, Substance P in 
the Nervous System, London (The Ciba 
Foundation, 41 Portland Place, London 
W1, UK). 

2 December, In Stream and On Line 
Particle Size Analysis, London (Dr N.G. 
Stanley-Wood, University of Bradford, 
Yorks, UK). 

7-8 December, Computer Aided Chemistry 
with regard to Analytical and Scientific 
Instrumentation, London; 10-11 
December, Manchester (Dr B.P. 
Chadburn, Perkin-Elmer Ltd, Post Office 
Lane, Beaconsfield, Bucks, UK). 

18-19 December, Regulatory Peptides and 
Gut Hormones, London (Dr 8.R. Bloom, 
Hammersmith Hospital, Du Cane Rd, 
London W12, UK). 

19 January 1982, Tribology — Key to the 
Efficient Engine, London (The Institution 
of Mechanical Engineers, 1 Birdcage 
Walk, Westminster, London SW1, UK). 
1-5 February, International Environment 
Management, Geneva (Center for 
Education in International Management, 4 
Chemin de Conches, 1231 Conches- 
Geneva, Switzerland). 

8-12 March, Pittsburgh Conference on 
Analytical Chemistry and Applied 
Spectroscopy, Atlantic City (M.V. 
Senneway, 405 Carmel Drive, Hopewell 
Township, Alquippa, Pennsylvania 15001, 
USA). 

9-10 March, Biomedical Research: 
Importance of Laboratory Animal 
Genetics, Health and Environment, 
Frankfurt (Charles River Foundation, PO 
Box 430, Wilmington, Massachusetts 
01887, USA). 

22 March, Surface Area/Pore Size 
Measurement, London (Dr R. Wilson, 
NPL, Teddington, Middlesex, UK). 
25-26 March, Proteolysis in Food 
Technology, Dublin (Dr M.G. 
Harrington, University College, Dublin, 
Ireland). 

25-26 March, Stirling Engines — Progress 
towards Reality, Reading (The Institution 
of Mechanical Engineers, 1 Birdcage 
Walk, Westminster, London SWI, UK). 
31 March, Practical Applications of Heat 
Transfer, London (The Institution of 
Mechanical Engineers, 1 Bridcage Walk, 
Westminster, London SWI, UK). 
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New ventures 


The ‘European Molecular Liquids 
Group’ aims to bring together scientists 
of different disciplines and interests who 
are involved in thermodynamic, 
statistical mechanical, spectroscopic, 
rheological or computer simulation 
studies on molecular liquids. It is hoped 
that members will include physicists, 
chemists, biologists and engineers and 
that the group will generate industrial, as 
well as academic interest, among the 
scientific community. Contact Dr Jack 
Yarwood, Chemistry Dept, University of 
Durham, Durham City, UK. 


The ‘Oceanian Society for Experimental 
Obstetrics and Gynaecology has been 
formed to correlate research in various 
aspects of reproductive biology to 
correlate researches of members engaged 
in the study of the reproduction and 
contraceptive methods of different tribes 
located in plains or in high altitude who 
are seggregated from their mainstream in 
their natural habitat; and to correlate the 
research activities on the effects in 
experimental animals of indegenous and 
traditional compounds, plants products 
etc used by the above tribes. Contact Dr 
Niranjan Bhattacharya, 55 Southen 
Park, Calcutta-29. India. 


The recent upsurge of interest in 
proteolysis has culminated in clashes of 
meetings etc. and led a group in Europe to 
form a network, the European 
Committee on Proteolysis (ECOP) for 
gathering and distributing information to 
enable a systematic approach to planning 
to be developed. Contact Dr J. Kay, Dept 
of Biochemistry, University College, 
Cardiff, UK. 


The Foundation Meeting of the Medical 
Sciences Historical Society will be held on 
Saturday 24 October 1981 at 2.00 p.m. at 
the Science Museum, South Kensington, 
London. This will be followed by a 
guided tour of the new galleries. Contact 
Dr L.F. Gore, School of Dental Surgery, | 
University of Liverpool, Pembroke 

Place, PO Box 147, Liverpool, UK. 

The International Mine Water 

Association (IMWA) has been 

established: to improve exploitation of 

mineral deposits consistent with the) 
desirable standards of safety against | 
water hazards; to increase protection of | 
the environment against the impact of | 
mine drainage etc; to improve the 

utilization of mine waters and the! 
technology and economy of mine 
drainage control operations; and to 
create a forum for international exchange 
of information. Contact Dr R. 
Fernandez-Rubio, IMWA Dept of 
Hydrogeology, University of Granada, 
Granada, Spain. 
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BOOKS RECEIVE 






Chemistry 

BERTINI, IL, LUNAZZI, L. and DEI, A. (eds). Advances in Solution Chemistry. 
A part of the Proceedings of the Sth International Symposium on Solute—Solvent 
Interactions, held June 1980, Florence, Italy. Pp.387. ISBN 0-306-40638-1. 
(Plenum: 1981.) $49.50. 

BOCKRIS, J. O'M. ef al. (eds). Comprehensive Treatise of Electrochemistry. 
Vol.2, Electrochemical Processing. Pp.616. ISBN 0-306-40503-2. (Plenum: 1981.) 
$57.50. 

JORTNER, J., LEVINE, R.D. and RICE, S.A. (eds). Photoselective Chemistry, 
Part 1. Advances in Chemical Physics, Vol. XLVI. Pp.769. ISBN 0-471-06275-8. 
(Wiley: 1981.) £50.95, $106.80. 

JORTNER, J., LEVINE, R.D. and RICE, S.A. (eds). Photoselective Chemistry, 
Part 2. Advances in Chemical Physics, Vol. XLYIL Pp.718. ISBN 0-471-06274-X 
(Wiley: 1981.) £44.55, $93.50. 

LEE, M.L., NOVOTNY, M.V. and BARTLE, K.D. Analytical Chemistry of 
Polycyclic Aromatic Compounds. Pp.462. ISBN 0-12-440840-0. (Academic: 1981.) 
$60. 

RICHARDS, W.G., TRIVEDI, H.P. and COOPER, D.L. Spin-Orbit Coupling 
in Molecules. Pp.105. ISBN 0-19-855614-4. (Clarendon Press/Oxford University 
Press: 1981.) £13. 

SPERLING, L.H. interpenetrating Polymer Networks and Related Materials. 
Pp.265. ISBN 0-306-40539-3. (Plenum: 1981.). 

STREITWIESER, A. Jr. and HEATCHCOK, C.H. Introduction to Organic 
Chemistry. 2nd Edn. Pp.1258. ISBN 0-02-418050-5. (Collier Macmillan: 1981.) 
£9.98. 

TAFT, R.W. (ed.). Progress in Physical Organic Chemistry, Vol.13. Pp.638. 
ISBN 0-471-06253-7. (Wiley: 1981.) £47.65, $100. 


Earth Sciences 


ADDICOTT, W.O. and RICHARDS, P.W. Map Project Deputy Chairmen. 
Pjate-Tectonic Map of the Circum-Pacific Region North-East Quadrant. (AAPG 
Bookstore, Tulsa, Oklahoma: 1981.) $8. 

MAHANEY, W.C. (ed.j. Quaternary Paleoclimate. Pp.464. Pbk ISBN 
0-860094-076-4. (Geo Books University of East Anglia, Norwich: 1981.) Pbk £17, 
$39.10. 

NAIRN, A.E.M., CHURKIN, M. Jr. and STEHLI, F.G. (eds}. The Ocean Basins 
and Margins. Vols, The Arctic Ocean. Pp.672. ISBN 0-306-37775-6. (Plenum: 
1981.) $55. 

NATH, J.S. and RAMAKRISHNAN, M. (eds). Memoirs of the Geological 
Survey of India, Vol.112. Early Precambrian Supracrustals of Southern Karnataka. 
Pp.351. Geological Survey of India, Calcutta: 1981.) Rs.85, £10, $31. 

NEWTON, R.C., NAVROTSKY, A. and WOOD, B.J. (eds). Thermodynamics 
of Minerals and Melts. Advances in Physical Geochemistry, Vol.1. Pp.304. ISBN 
0-387-90530-8. (Springer-Verlag: 1981.) $39.80. 

PERMANENT COMMITTEE ON THE INTERNATIONAL COMMISSION 
ON IRRIGATION AND DRAINAGE. The Applications of Systems Analysis to 
Problems of Irrigation, Drainage and Flood Control. A Manual for Water and 
Agricultural Engineers. Water Development, Supply and Management Volli. 
Pp.203. Hbk ISBN 0-08-023425-9: flexi ISBN 0-08-023431-3. (Pergamon: 1980.) 
Hbk £20, $48; flexi £7.50, $18. 

RAMBERG, H. Gravity, Deformation and the Earth’s Crust. In Theory, 
Experiments and Geological Application. 2nd Edn. Pp.452. ISBN 0-12-576860-5. 
(Academic: 1981.) £32.80, $79. 


Biological Sciences 


BRADSHAW, A.D. and McNEILLY, T. Evolution and Pollution. The Institute 
of Biology’s Studies in Biology, No.130. Pp.76. Fiexi ISBN 0-7131-2818~6. (Edward 
Arnold, London: 1981.) £2.50. 

BUTTERY, P.J. and LINDSAY, D.B. Protein Deposition in Animals. Pp.305. 
ISBN 0-408-10676-X. (Butterworths: 1980.) £25. 

CAMPBELL, P.N. (ed.). Biology in Profile. A Guide to the Many Branches of 
Biology. Pp.i28. Hbk ISBN 0-08-026846-3; flexi ISBN 0-08-026845-5. (Pergamon: 
1981.) Hbk np; flexi $9.50, £3.95. 

CIBA FOUNDATION, Human Muscle Fatigue: Physiological Mechanisms. Ciba 
Foundation Symposium 82. Pp.314. ISBN 0-272-79618-2. (Pitman Medical: 1981.) 
£19.50. 

CIBA FOUNDATION. Peptides of the Pars Intermedia. Ciba Foundation 
Symposium, 81, Pp.309. ISBN 0-272-796174-4, (Pitman Medical: 1981.) Np. 

CLARK, F.E. and ROSSWALL, T. (eds). Terrestrial Nitrogen Cycles. Processes, 
Ecosystem Strategies and Management Impacts. Ecological Bulletins, No.33. 
Proceedings of an International Workshop at Gysinge Värdshus, Österfärnebo, 
Sweden, September 1979. Pp.714. ISBN 91-546-0290-4. (NFR, Box 23136, S-104 35 
Stockholm, Sweden: 1981.) Np. 

CLAYTON, G.D. and CLAYTON, F.E. (eds). Patty’s Industrial Hygiene and 
Toxicology. 3rd Revised Edn. Vol.2A, Toxicology. Pp.1412. ISBN 0-471-16042-3. 
(Wiley: 1981.) £63.35, $133. 

COLD SPRING HARBOR SYMPOSIA on Quantative Biology. Vol.45, 
Movable Genetic Elements. Parts | & 2. Pp.975. ISBN 0-87969-044-5. (Cold Spring 
Harbor Laboratory, New York: 1981.) $130 (U.S.) $156 (elsewhere) 2-vol. set. 

CRAWFORD, R.L. Lignin Biodegredation and Transformation. Pp.154. ISBN 
0-471-05743-6. (Wiley: 1981.) £19.05, $39.85. 

DUMPERT, K. The Social Biology of Ants. Pp.298. ISBN 0-273-08479-8. 
(Pitman: 1981.) £20. 










EDEBO, L.B., ENERBACK, L. and STENDAHL, 0.1. (eds). Endocyto: 
Exocytosis in Host Defence. Monographs in Allergy, Vol.17. Symposi 
Celebration of the 10th Anniversary of the University of Linképing, LinkSping, | 
1980. Pp.276. ISBN 3-8055-1865-X. (Karger, Basel: 1981.) SwFr.164, DM E 
$98.25. 

FRIEDEN, C. and NICHOL, L.W. (eds). Protein-Protein Interactions. Pp.40 
ISBN 0-471-04979-4. (Wiley: 1981.) £33.45, $65.45, 

GERHARDT, P. ef al, (eds). Manual of Methods for General Bacteriology. 
Pp.524. Hbk ISBN 0-914826-29-8; flexi ISBN 0-914826-30- 1. (American Society f 
Microbiology, Washington: 1981.) Hbk $25; flexi $21. 

GERRARD, E. Instinctive Navigation of Birds Incorporating Bird Navigatio 
The Sterile Controversy. Pp. 182. Flexi ISBN 0-907629-01-6. (The Scottish Resear: 
Group, Skye, Scotland: 1981.) £4.50. a 
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FOLLETT, R.H., MURPHY, L.S. and DONAHUE, K.L. Fertihzers and Soil oo 
Amendments. Pp. 557. ISBN 0-13-314336-8, (Prentice-Hall: 1981.) $24.95, S 

FOSTER, H.D. Disaster Planning. The Preservation of Life and Property. she 
Pp.275. ISBN 3-540-90498-0. (Springer-Verlag: 1981.) DM 56, $33. oe 

GABBAY, D.M. Semantical Investigations in Heyting’s Intuitionistic Logic. 00 | 
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$52.50. Aria 
GEISSMAN, T.A. and CROUT, D.G.H. Organic Chemistry of Secondary Plants a 
Metabolism. Pp.592. Flexi ISBN 0-333-30964-2, (Macmillan Press, London & News. 
York: 1981.) Np. Poe 

GILMORE, C.P. and THE EDITORS OF TIME-LIFE BOOKS. Ppi © | 
Exercising for Fitness. Pp.176. ISBN 0-8094-3756-2. (Time Life Books, Al ADENA KE 
Virginia: 1981.) $11.95. a 

GOFFMAN, W. and WARREN, K.S. Scientific Information Systems. and. the ee 
Principle of Selectivity. Pp. 189. ISBN 0-03-056081-0. (Holt, Rinchartand Winstons o 
1980.) Np. E 

GOOCH, S. The Secret Life of Humans, Pp.225. ISBN 0-46-04577-X. (enno n 
London: 1981.) £7.95. ESS 

GOUDIE, A. The Human impact. Man’s Role in Environmental Change. 
Pp.316. Hbk ISBN 0-631-11121-3; pbk ISBN 0-631-12554-%. (Basi Blackwell: 
1981.) Hbk £15; pbk £6.50. 

GREENLAND, D.J. (ed.). Characterization of Soils in Relation to theo. 
Classification and Management for Crop Production: Examples From Some Areas oo 
of the Humid Tropics. Pp.446. ISBN 0-19-854538-X., (Clarendon Press/Oxford. at 
University Press: 1981.) £35. Be 

GROBSTEIN, C. From Chance to Purpose. An Appraisal of External Human. 
Fertilization. Pp.207. Pbk ISBN 0-201-04585-0. (Addison-Wesley Advanced Book. : 
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GROHMAN, J.S. Keeping a Family Cow. A Complete Guide to Raising Cowsand =o 
Producing Dairy Products for Home Use. Pp.199. ISBN 0-684-16867-7, (Charee 0 
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HARRISON, E.R. Cosmology. The Science of the Universe. Pp.436. ISBN 
0-531-22981-2. (Cambridge University Press: 1981.) £15. 
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(Cambridge University Press: 1981.) £12.50. 

HILL, C.R. and KRATOCHWIL, A. feds}. Medical Ultrasonic fmages: 
Formation, Display, Recording and Perception. Based on papers presented. at a 
European Symposium held in Brussels, January-February 1981. Pp.i73. ISBN 
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Proceedings of the EEC Seminar Organized by the EEC and the Institute for Son 
Fertility, Haren, (Gr.}, held in Groningen, Netherlands, June 1980. Pp.444. SBN 
90-277-0317-5. (Reidel: 1981.) $39.50, DIL 75. 

JAKI, S.L. Cosmos and Creator, Pp. i648. Flexi ISBN 6-7073-020)-0. (Scottish 
Academic Press, Edinburgh: 1981.) £6.75. 

JENNY, H. The Soil Resource. Origin and Behaviour. Ecologica! Studies, Vol. 
37. Pp.377. ISBN 3-540-90543-X. (Springer-Verlag: 1980.) DM 57, $33.70. 

JUDSON, H.F. The Search for Solutions. Pp.212. (Holt, Rinehart and Winston: - 
1980.) Pbk np. 

KARLIN, S. and TAYLOR, H.M. A Second Course in Stochastic Processes. — 
Pp.542. ISBN 0-12-398650. (Academic: 1981.) $35. 

KARP, G. and BERRILL, N. J. Development. 
0-07-033340-8. (McGraw-Hill: 1981.3 £16.95. 

KEDOURIE, E. Islam in the Modern World and Other Studies. Pp.332. ISBN ~ 
0-13-059213-5. (Holt, Rinehart & Winston: 1981.) $16.95. 

KELLY, P.M. (ed.). Materials for the Future. Forum Report, No. i4, 1980, 
Papers presented to a meeting of the Science and Industry Forum of the Australian 
Academy of Science, March 1980. Pp.132. Pbk ISBN 0-85847-088-8. (Australian 
Academy of Science, Canberra: 1981.) A$5.95. 
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-IMPERIAL CANCER 


PESARO TUNE UNIVERSITY OF GLASGOW ARMAGH OBSERVATORY UNIVERSITY OF 
Technician) CHAIR OF STATISTICS Armagh, Northern Ireland SOUTHAMPTON 


CRE MEDICAL ONCOLOGY UNIT 
Applications are invited for the Chair Applications are invited for 


of Statistics. The successful applicant | RESEARCH ASTRONOMER the post of 


will be expected to tak ton ist 
October, 1982 ac at a ate Aerie) tenable from Ist January, 1982. RESEARCH PELLOW/ 





-Research Officer Applications are invited for the post of 
required to assist in research 
project concerned with the 


molecular cloning, structural 














analysis and biological activity of! | by the University Court in consulta- Salary will be at an appropriate ASSISTANT 
iaryouc DNA sequences. tion with the applicant. point on the University Lecturers’ in the Professorial Medical Oncology 
{Degree with experience in , ; scale £6,070 to £12,860 pa accordin Unit to participate in an ongoing 
the isolation of DNA & RNA, | fr Bate pap E E duane to qualification and poeta : project concerned with the cyto- 
analysis of DNA by restriction) | Cour Toi 18) Univ ae ae S skeleton, desmosomal adhesion and 
enzymes, recombinant DNA tech- ? Bea UDE E © Applications stating qualifica- | motility of epithelial cells. The 


Glasgow, Glasgow G12 8QQ, with tions, publications, research | appoi i 

whom applications (15 copies; 1 copy | proposals, and names of three n Soa ae ped ene i 
in the case of overseas applicants), | referees should be received not later | the former case applicants should 
giving the names and addresses of | than 31 October, 1981 by the | possess, or be about to obtain, a PhD 
three referees, should be lodged on or | Secretary, Armagh Observatory, | in an appropriate aspect of cell 





nology and tissue culture. Salary 
range: £5,918 to £8,296. 

For further information and 
‘application form write or telephone 
Miss S. M. Hurley, Imperial Cancer 








Research Fund, Lincoin’s Inn before 30th Movember, 1781. Armagh BT61 9DG, N Ireland, from | biology or biochemistry. A graduate 
Fields, London WC2 01-242-0200 In reply please quote Ref. No, 4855. | Whom further particulars may be | should possess a degree in some 
(9629)A obtained. (9639)A aspect of Biology. In either case 


ext. 305 quoting reference 154/81. 
Be (9648) A experience of fluorescent antibody 
staining, electron microscopy or 
tissue culture would be an advantage. 


The appointment will be for one year 





| BOEHRINGER At our Biochemical Research Centre in Tutzing : Pia e r a 

| ‘iyi ia ~ situated in an area of extreme natural beauty — progress. A suitable graduate would 

| aleading we are offering a position as a post doctoral be able to work for a PhD. 

d -company in the The Salary will be in the range 
< pharmaceutical £6,070 — £8,105 pa for a post- 


doctoral fellow and £5,285 —- £6,475 
pa for a graduate. Applicants should 
be prepared to begin work by I 
January, 1982. 


Applications giving the names of 
two referees, date of birth and full 
curriculum vitae, should be sent to Dr 
DR Garrod, CRC Medical Oncology 
Unit, Centre Block, Southampton 
General Hospital, Southampton SO9 
4XY,assoonas possible. (9655)A 


| | industry 

















Our company is engaged in a project which could 
be a real challenge to a young scientist, familiar 
with the problems of immune assay systems and 
the handling of antibodies. If you would like to join 
our research facilities in Upper Bavaria on an one 
year contract base please contact us by written 
application. 


We offer the social benefits and working condi- 
tions in accordance with a progressive company. 


HIGH ALTITUDE 
OBSERVATORY 






















Visitor Appointments at the High 
Altitude Observatory are available 
for new and established PhD's for 
up to one year periods to carry out 
research in solar physics, solar- 
terrestrial physics, and related sub- 
jects. Applicants should provide a 
curriculum vitae including educa- 
tion, work experience, publica- 
tions, the names of three scientists 
familiar with their work, and a 
statement of their research plans. 

Applications must be received by 
15 January 1982, and they should 
be sent to: Visitor Committee, High 
Altitude Observatory, National 
Center for Atmospheric Research 
(NCAR), PO Box 3000, Boulder, 
Colorado 80307. NCAR is an Equai 
Opportunity/ Affirmative Action 
Employer. (NWS3T)A _ 








ee 





Biochemica Werk Tutzing 

~ Personalabteilung — 

diagnostica Postfach 120, D-8132 Tutzing 
therapeutica | West Germany (W451)A 


= poehringer Boehringer Mannheim GmbH 











MRC 


Medical Research Council 
Centre 


MECHANISMS IN TUMOUR 
IMMUNITY UNIT 
IMMUNOLOGIST 

Applications are invited for a short- 
term Non-Clinical Scientific post in 
this MRC Unit, tenable for 3 years. 
Candidates of immediately post- 
doctoral or equivalent status will be 
preferred, (but well qualified can- 
‘didates with less than 3 years post- 
graduate experience will also be 
considered). 
The post involves work on the im- 
munological aspects of monoclonal 
and polyclonal antibodies against 
human blood group antigens. The 
person appointed will be based 
mainly at the nearby ARC institute 
of Animal Physiology, Babraham. 
Remuneration will be at an appro- 
priate point on the scales for 
university non-clinical academic 
staff. 
Applications in writing within the 
next two weeks, with CV and 
names of two professional referees, 
and quoting reference number 
| MT/5, to: The Administrator, MRC 
Centre, University Medical School, 
| Hills, Road, Cambridge CB2 20H. 
(9630)A 


THE EAST OF SCOTLAND 


COLLEGE OF 
AGRICULTURE 


PROGRAMMER/ANALYST 
Grade HI/IV 


The above vacancy exists in the 
college’s Computer Services Unit. 
The Unit provides a user/support 
service and prepares software for use 
by the Agricultural Advisory Services 
on PDP-11/34, ICL 2900 and 8-bit 
micro machines. 


Candidates should hold a degree in 
Agriculture or related sciences or 
computing. One or two years post- 
graduate or equivalent experience of 
FORTRAN or BASIC is essential 
with experience of RSX-11M and/or 
RSTS/E an advantage. 


Salary Scale Grade IH £6,696 — 
£10,322; Grade IV £5,176 — £6,964. 


Application forms and further 
information from The Secretary, The 
East of Scotland College of Agricul- 
ture, West Mains Road, Edinburgh 
EH9 3JG. Closing date for com- 
pleted application forms is 23.10.81. 
Please quote reference 225. (9653)A 





POSTDOCTORAL POSITIONS in 
molecular biology are available in a 
program involving the IHRI and the 
University of Washington to study 
antigenic variation and control of 
gene expression in trypanosomes. 
Recombinant DNA, immunological 
(monoclonal antibody), and related 
technologies will be used; thus, 
experience in one or more of these 
areas would be useful. Salary: 

$14,000 to $16,000. Send curriculum 
vitae and names of three references 
to: Dr Kenneth Stuart, Issaquah 
Health Research Institute, 1595 
Northwest Gilman Boulevard, 

oe Wash. 98027. (NW94 DA 
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scheme. 


Application forms and further 


EAST MALLING 
RESEARCH STATION 
TISSUE CULTURE 


Applications invited from those with 
Degree or HNC in Botany of Applied 
Biology to assist with work in 
organogenesis in a programme seeking 
an understanding of the regulation of 
plant cell morphogenesis and new 
approaches to genetic improvement in 
fruit plants. 


Salary in scale £5,176 to £6,964. 
Non-contributory Superannuation 





POSTDOCTORAL Position (re- 
search associate) available 
immediately for research on sym- 
pathetic nerve terminal and vascular 
smooth muscle function in hyperten- 
sion. Experience in in vitro 
preparations and tyrosine hydroxylase 
assay preferred. Salary commensurate 
with qualifications. Send curriculum 
vitae, letter of interests, and three 
letters of recommendation before 20 
October 1981 to: L T Lais, PhD, 
School of Pharmacy. Oregon State 
University, Corvallis, Oregon 97331. 
An Equal Opportunity/Affirmative 
Action Employer in Compliance with 
Section 504 of the Rehabilitation Act 
(NW923)A 





| individuals with major cot 






































MOLECULAR 
BIOLOGIST 


Applications for an as 
professorship are inviter 


toward research and wh 
are in the structure, P 
expression of viral, or. 
genes. Expertise in genetic 
e¢ring or enzymology 
chemistry, an asset. Knowl 
readiness to learn French ess 


Send applications to: Dr Pi 
Bourgaux, Directeur, Départerm 
de Microbiologie, Faculté 
Medicine, Centre Hospitalic 
Universitaire, Universit 


Research Station, Maidstone, Kent 


details from Secretary, East Malling | of 1973. 
MEI96B]. (9646)A | 













These posts offer excellent opportunities 
to gain experience in the rapidly developing 
field of safety technology. 

THE JOBS 

Successful applicants will join multi- 
disciplinary teams working on safety and 
reliability of high-technology installations. 

Teams handle a wide variety of 
assignments with emphasis on studies of 
reactor behaviour under fault conditions, 
analysis of potential accident situations and 
associated environmental consequences. The 
aim, in association with experimental work 
carned out elsewhere and through extensive 
world-wide collaboration with other 
organisations, is to establish an acceptable 
safety philosophy for nuclear plant design and 
environmental planning through examination 
of areas of risk. 


WHAT YOU NEED 

Applicants, male or female, should 
possess a Ist or Upper 2nd Class Honours 
Degree in Physics, Mathematics or a related 


discipline. A clear interest in safety technology 


is expected with a high potential ability for 
tackling novel and complex problems involving 

- hydrodynamics, heat transfer, reactor and 
classical physics, and computing. 


THE REWARDS 

Salaries range from £8,785 to £11,045 p.a. 
for a Senior Scientific Officer and £6,990 to 
£9,195 p.a. for a Higher Scientific Officer. 
Grading and starting salary will depend on 
assessed ability and relevant post-graduate 
research experience. E.g. an applicant in his 


SAFETY AND RELIABILITY aber RATE 


SAFEGUARDING BRITAINS Y, 
TECHNOLOGICAL FUTURE J 


The Safety and Reliability Directorate of the UK Atomic Energy 
Authonity plays a vital role in the safe development of industry and the 
efficient economic performance of British high-technology plant, 
through reliability and availability. 


PHYSICISTS AND 
APPLIED MATHEMATI 









| Sherbrooke, Sherbrooke, Quë 
Canada JIH SN4. (NW944)A 










mid-twenties completing research foi a PhD: 
would normally be considered for appaime 
as an HSO. Those with more research 
experience could merit consideration for S50; 

Benefits include a contributory super- 
annuation scheme, and there are good 
prospects for promotion. 
THE PLACE 

These vacancies are at Culcheth, near 
Warrington. The area features excellent 
schools, access to beautiful Cheshire country- 
side, first-class motorway links, easy T 
connections with Manchester and Merseyside E 
and a wide variety of housing. Assistance with $ 
home purchase or single accommodation may 
be provided. (65DA 


SEND THIS COUPON NOW. NO STAMP NEEDED. 


l Please send mean application form for the post of ES 
PHYSICIST/APPLIED MATHEMATICIAN SRDS: 


POSTCODE 


Send this coupon te LYNNE KIRPOOT, 
UK ATOMIC ENERGY AUTHORITY, SAFETY AND RELIABILITY 
DIRECTORATE, FREEPOST, WIGSHAW LANE, CULCHETH, 

WARRINGTON, WAC IBR TEL: OREN STON SEMA, EXT. 208350, 



























-of importance for engineers. 


~ Chair in Applied 
Geology 


At the Institute for Applied Geology, Technical University of 
Denmark, a position as professor is to be filled from April, 1st 1982. 
The institute is part of the Faculty of Civil Engineering. 





The institute for Applied Geology procures, communicates and 
disseminates knowledge and understanding of geologic processes 


The professorship should be filled by a person who can contribute 
cowards strengthening interdisciplinary activities between the 
_ geologic department and such departments as hydrology, soil 
- mechanics, road construction, town planning and sanitary 


= i engineering. The background for this requirement is partly the new 
oe “planning legislation concerning water supply, raw materials and 
“regional planning, partly the new legislation concerning protection 


2 oof the environment. 


cocoh is futhermore expected that the professor will demonstrate 

-initiatives in research and teaching with a view to solving new 

Bee problems in applied geology in connection with energy projects (for 
instance geothermics, and storage of energy and of wastes). 


co The applicant must be able to document a broad geologic 
background and scientific qualifications in sedimentology and 


surface processes. 


importance will be attached to the applicant's practical experience 
in the application of geology to the solution of engineering 


problems. 


Finally, it would be an advantage if the applicant is familiar with the 
use of mathematical and physical methods in geology. 


The application should contain information providing a basis for 
evaluation of the applicant's pedagogical experience. 


<>.. The research and teaching attached to the position are to be 
= egerdinated with the other activities of the institute, which in 
accordance with the existing statute are planned by the 


departmental council. 


General reservations are taken regarding possible alterations in 
-departmental groupings, as the Minister of Education, according to 
the statute, can establish and abolish departments. 


: The position is a Government service post, the salary is at Grade 37, 

being per annum 274.382,96 Dkr including the increments valid per 

-4,4,1981. The employment lies within the province of the Ministry of 
Education with its appurtenant institutions. 


Those interested in futher information should approach the Dean, 
Assoc. Professor Knud Christensen, Department of Construction 
Engineering, Building 115, Technical University of Denmark, 
DK-2800 Lyngby. Telephone 452-884200 extension 5072. 


The application must comprise information about the applicant’s 
education and professional activities, also an account of possible 
pedagogical experience {instruction on this by inquiry to the 
Secretariat of the Faculty, telephone 452-882222 extension 2274), 
and should be accompanied by relevant publications, preferably in 4 


copies. 


I -The application is to be addressed to the Queen and submitted to 
the Vice-Chancellor of the Technical University of Denmark, 
Building 101, DK-2800 Lyngby, Denmark. 


| Advertised on 2.10.1981. Closing day 1.12.1981. 


“Applications will be treated as specified in the “Ministry of 
Education directive of 3 Dec 1975 concerning the filling of 

§ professorships, senior scientific posts and external 
$ lectureships at the institutions of higher learning under the 
- Ministry of Education”. This procedure involves among 





<. willbe sentto all applicants. 


_ other things that applications will be presented to a 
- departmental curriculum committee for evaluation of 
_ pedagogical qualifications as well as to a selection 
committee of qualified scientists, whose report in set entirety 


442)A 















University of Natal 
‘| VISITING LECTURER 

-LA visiting lecturer is required as a 
‘leave replacement from March 1982 
“|lto November 1983 to teach under- 
-|graduate physics courses. Please 
-iapply by 30 November with names 
-fof two referees to Prof. R. E. Raab, 
{Physics Department, University of 
|Natal, Pietermaritzburg, South 
_| Africa. (W449) A 








WANT TO LIVE 
IN THE U.S.A.? 


American agency 
provides help. 
For free information write 
the U.K. address. 

The Transatlantic Agency 
(N) 33 Great James Street, 
London WC1. 
Enclose SAE ee 




























POSITIONS AVAILABLE 

McGill University, Canada 

1 VISITING PROFESSOR 
This position is available for one- to 
two-year period commencing 
January 1982 with a salary at the 
Assistant Professor's level ($25,000 
per annum) to work in the area of 
gene manipulation and molecular 
biclogy of Plant-Ahizobium sym- 
biosis. The person is also expected 
to participate in graduate teaching 
equivalent to one half of a course. A 
strong background in molecular 
genetics will be useful. 

2 SENIOR RESEARCH 
ASSOCIATE 

To work on organization and ex- 
pression of soybean genes involved 
in symbiotic nitrogen fixation. 
Experience in the area of nucleic acid 
biochemistry is essential and the 
knowledge of recombinant DNA 
technology is desirable. This 
position is available commencing 
October 1, 1981 with a salary of 
$18,000 per annum. 


3 POST-DOCTORAL FELLOW 
To work on purification and charac- 
terization of Nodulins, a group of 
nodule-specific host proteins 
involved in symbiosis with 
Rhizobium. Experience in the area of 
protein biochemistry and im- 
munology is desirable. This position 
is available at the beginning of 1982 
with a salary of $16,000 per annum. 


Please contact Prof D P S Verma, 
Department of Biology, McGill 
University, 1205 Docteur Penfield 
Ave, Montreal, Quebec Canada 
H3A 1B1. [Tel. No.: (514) 392-8246). 
(NW929)A 





















































MEDICAL RESEARCH 
COUNCIL 
NATIONAL INSTITUTE FOR 
MEDICAL RESEARCH 
LABORATORY OF PEPTIDE 
CHEMISTRY 


A three year postdoctoral position is 
available immediately to work on 
prohormone and hormone processing 
with special reference to endorphins. 
A strong background in immunology 
and tissue culture would be 
advantageous. Further information 
can be obtained from Dr G D Smyth 
(tel: 01-959 3666). 


The salary will be in the range 
£7,290 — £8,925 plus £967 per annum 
London allowance. 


Applications should be sent to the 
Director, National Institute for 
Medical Research, Mill Hill, London 
NW7 IAA by 30th October 1981 
quoting reference PC/1Z. (9645)A 





SAUDI ARABIA 
IMMUNOLOGIST 


Applications are invited from 
medically-qualified British nationals 
for Immunologist post in Saudi 
Arabian hospital. Generous contract 
terms available. 


Enquiries, with C.V., to Mr 
Wheeler, Rand Medical Recruitment 
International, 37/38 Margaret St, 
London WIN 7FA., Tel: 01-491 3774. 

(W446)A 
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SUNY STONY BROOK 
Stony Brook, NY 


BIOCHEMIST 
BIOPHYSICIST 
and MOLECULAR/ 
CELL BIOLOGIST 


Suny Stony Brook has two positions 
open for (1) a biochemist or a 
biophysicist to study DNA — protein 
interactions by fast kinetic methods, 
fluorescence spectroscopy or photo- 
chemical crosslinking techniques. 


The other position (2) a molecular 
or cell biologist to study the 
regulation and mechanism of gene 
expresion in both prokaryotic and 
eukaryotic cells using recombinant 
DNA techniques. 


Applicants should send a curri- 
culum vitae and 3 letters of 
recommendation to: Professor C W 
Wu, Department of Pharmacological 
Sciences, Health Sciences Center, 
aed Stony Brook, Stony Brook, NY 

4, 


Suny Stony Brook is an equal 
opportunity affirmative action 
employer. (NW943)A 


UNIVERSITY OF DUNDEE 
DEPARTMENT OF BIOLOGICAL 
SCLENCES 
Readvertisement 
Applications are invited for a 
POST DOCTORAL 
RESEARCH FELLOW 


for work on biochemical aspects of 
nitrogen and carbon metabolism in 
photosynthetic micro-organisms. 


The post will be available for a 
period of up to three years. Salary 
will be at a point on the Research and 
Analogous IA scale (£6,070 — 
£10,575) with placing according to 
age and experience. 


Informal enquiries to Dr P Rowell 
or Professor W D P Stewart, Depart- 
ment of Biological Sciences, Univer- 
sity of Dundee, Dundee DD1 4HN. 


Further particulars are available 
from the Personnel Office, Univer- 
sity of Dundee, Dundee DDI 4HN 
where applications should be sent by 
22nd October 1981, Please quote Ref 
EST/47R/814. (9619)A 





UNIVERSITY OF 
BIRMINGHAM 


POST DOCTORAL 
POSITION IN 
NEUROCOMMUNICATIONS 
Applications are invited for a 
position to assist in a research project 
on Filter Systems of the Cochlea. 
Applicants should have a PhD degree 
or equivalent qualification. The work 
will involve studies of cochlear trans- 
duction and of noise damage to 
hearing and experience in either 
microelectrode recording or cochlear 


| histology would be desirable. Salary 


in the range of £6,070 to £6,880 per 
annum according to age and quali- 
fications. 


Applications accompanied by a 
curriculum vitae and the names and 
addresses of 2 referees should be sent 
to: Assistant Registrar, The Medical 
School, University of Birmingham, 
Birmingham B15 2TJ from whom 
further particulars may be obtained. 

(9593)A 
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SHEFFIELD || SSG HAT oe be 
BIOTECHNOLOGY „BOARD e AN INTERNATIONAL 
IMMOBILISED CELL MICROBIOLOGIST PHARMACEUTICAL COMPANY 

TECHNOLOGY Regional Public Healt 
Applications are invited for a post- aa E e ea oes seeks a 





doctoral fellow to work on a project s d | aie cea a: 
on the immobilisation of plant cells operon ae hae ae YO U N G S C i z N TI ecT 
which is part of an ongoing immobil- ee Pies robid gi i i i 

ised cell technology programme | | 2@¢kground, or from microbiologists 


between UKAEA Harwell and the | | With experience in immunology. 


The person appointed will be res- English mother-tongue, B.Sc. level in pharmacology or 7 


sieges rat peau peewee ponsible for running a research and pharmacy, or a Biochemist, Biophysiologist with relevant T 
the majority of his/her time based at development section within the experience in the pharmaceutical industry, to work in central @ 


Harwell, and would liaise closely | Laboratory, and be expected to France (Auvergne), to be responsible for scientific translations 9 
with Wolfson Institute staff investi- | undertake both collaborative and into Enalish ia 
gating natural product synthesis by independent research projects. eye nae 


immobilised plant cells. Applicants ly ha iba E EE sg A knowledge of French essential, but fluency not demanded or ia 
eae pene a oaa pa laboratory staff including Se necessary. T 

i : : Ena teaching of specialised advanc , f l d 
deat ae a techniques and have responsibility Send curriculum vitae, photograph, salary requirements, and 1 


à uae res for laboratory safety, with particular date when avaible to: 
an advantage but not essential. Initial reference to the safety of new 


salary up to £6,880 a year. Tenable methods. 


one year with possible extension for a Direction du Personnel 








. Applications, including full curri- 
Registrar and Secretary, The Univer, | {Sum vitae and the names and | | or 
an Sheffield $10 IN to whom | | addresses of three referees should 63203 RIOM CEDEX, France 
Haat | be sent to: Dr. D.M. Jones, a f , ai 
ART san A 2 | | Director, Public Health Laboratory, Pleasant working conditions, full social security (medical and 
l 654A Withington Hospital, Manchester retirement benefits), five weeks holiday per year. we 
M20 8LR, (Telephone 061-445 2416). Brae 
(9627)A (WASA 
UNIVERSITY OF PAER 
BIRMINGHAM 2 
Faculty of Medicine and 
Dentistry 
DEPARTMENT OF 
CANCER STUDIES 


POSTDOCTORAL we 

RESEARCH FELLOW IA | re 
with experience in cytogenetics | VOE 
required to join group studying | : e 4 a 
molecular aspects of genetic suscepti- | 
bility to cancer in man. Knowledge of ao 
other somatic cell techniques would e m m $ | E | 
ea Chief Medical Officers Department ff 

Salary Research Range 1A: £6,070 : 
— £10,575 (with superannuation). @ 
The post is funded by the Cancer Cumbr la 
Research Campaign. 


Applications (3 copies) giving a full 


curriculum vitae and the names of British Nuclear Fuels’ site at Sellafield with the hospital services in the area, for 
two academic referees to Assistant in Cumbria is a recognised world Centre whom some diagnostic work is undertaken. 
Registrar, Medical School, Birming- for nuclear fuel reprocessing. This 500 The successful applicant will join an 


ham B15 2TJ by 31st October 1981. 


Quote ref RF/CS/381.  (9649)A acre site, employing over 5,000 staff relies expanding department which has recently 


on specialists — professionals who can fill moved into a new laboratory on the 





specific roles vital to our continuing Sellafield site situated on the West 
INSTITUTE of Cancer Research: A success, consolidating our position as a Cumbrian Coast,on the fringe of the 
vacancy has arisen for a Post-Doctoral conscientious world leader in a Lake District National Park. 
Research Scientist to take part in an challenging industry. We are offering an attractive salary 
existing programme of research into The Chief Medical Officer's within the range £7,065-£8,285, depending 


ligand-arming as a means of preparing 
new anti-cancer drugs. The candidate 


Department now requires a graduate with on experience, plus productivity bonus, 


should have experience with tissue at least two years experience in human other benefits include general resetilement | | 
culture methods and considerable cytogenetics including tissue culture, allowances in appropriate cases. my 
dedication to the notion of attacking banding techniques and karyotyping. . 
cancer cells. The post will be jointly in The work is primarily concerned with the Write in the first instance for an 

the Departments of Chemistry and evaluation of chromosome aberrations in application form to: Dr. G. B. Schofield, 

Biology and the Institute of Cancer relation to radiation dosimetry together Company Chief Medical Officer, British 


Research (Chester Beatty Research with a programme of research in this field. | Nuclear Fuels Limited, Sellafield Works, 


Institute), Fulham Road, London ve np . ae ~ 
SW3 The post will be available im. In addition a close liaison is maintained Seascale, Cumbria CA20 1PG. 


mediately and for a period of two 
years. The salary will accord with 
MRC scales in the range £6,070 — a 
£9,750 pa according to age and (O650)A 
experience, plus London Allowance of f 

£967 pa. 


_ Applications in duplicate with the 
names of two referees to the Secretary, 
Institute of Cancer Research, 34 
Sumner Place, London SW7 3NU, 
quoting ref. 300/G/9. 





(963 DA 


§ As part of its examination of the economic, social and political aspects 
§ of energy and other resource developments, the Centre is looking to 
@ extend its empirical research into the impacts of energy policies on the 
§ Australian economy and into the regional impacts of resource 
@ development that may have national implications. 


E The person appointed should be willing to collaborate where possible 


§ studies on resource and environmental problems. Applicants should 
§ have a PhD or equivalent in economics and should be able to demon- 
@ strate their experience in or aptitude for applying their discipline to 
applied policy research. 


E ‘Salary on appointment will be in accordance with qualifications and 
experience within the ranges: Senior Research Fellow $A27684 — 


§ Fellow a fixed point within the range $A19821 — $25871 p.a. 

EE Appointment will be as Senior Research Fellow/ Research Fellow for 3 
@ years in the first instance, with the possibility of extension, after review, 
§  to5 years; as Postdoctoral Fellow for two years with the possibility of 
fl extension, after review, to 3 years. Reasonable appointment expenses 
‘§ are.paid. Superannuation benefits are available for applicants who are 
| eligible to contribute. The University reserves the right not to make an 
§ appointment or to make an appointment by invitation at any time. 


4 2 Prospective applicants should obtain the further particulars from the 
|} Registrar, PO Box 4, Canberra, ACT 2600, Australia, or from the 
E Association of Commonwealth Universities (Appts.), 36 Gordon 













THE AUSTRALIAN NATIONAL UNIVERSITY _ 


Applications are invited from suitably qualified persons for appointment 
the following positions: 


RESEARCH SCHOOL OF BIOLOGICAL SCIENCES 
MOLECULAR BIOLOGY UNIT 


POSTDOCTORAL FELLOW 
RESEARCH FELLOW l 


ne Unit (Head, Dr H. Naora) is exploring the molecular mechanisms of 
9$t-transcriptional control in animal ceils. This includes the problems 
of the HnRNA — MRNA precursor-product relationship, the nuclear 
processing of mRWNA-precursor molecules.and regulatory RNA effects, 
using nucleic acid sequencing and DNA cloning. Applicants should 
< have experience in this particular field of research. 


; : ; CLOSING DATE: 27 NOVEMBER 1981. 
5 CENTRE FOR RESOURCE AND ENVIRONMENTAL 
STUDIES 


1 RESEARCH FELLOW/ 
|  _ SENIOR RESEARCH FELLOW 
{| RESOURCE POLICY ANALYSIS 


E with researchers from other disciplines in the Centre's program of 


E CLOSING DATE: 6 NOVEMBER 1981. 


Ẹ $33021 p.a.; Research Fellow $A19821 — $25871 p.a.; Postdoctoral 


§ Square, London WC1HOPF, before submitting applications. (9647)A 


YOU’VE GOT A 
BRIGHT IDEA 


FOR NEW BIOLOGICAL OR 
CHEMICAL COMPOUNDS 


WE HAVE THE CAPITAL 
TO DEVELOP NEW DRUGS 


We are not a pharmaceutical firm but a Swiss-based, independant 
financial group which is prepared to let you participate in a capital 

_ venture for the exploitation of your project. 

- Our object: the development of new biological or chemical products 
-with previous pharmalogical screening up to the stage of clinical 
tolerance and efficacy required to permit licensing negociations. 


nent 


To obtain all the information required for initial selection, 
please write in English, French or German to: 
|- DEBIOPHARM S.A. Petit-Chéne 38 - 1001 LAUSANNE 


(Switzerland). (W368)A 





FACULTY POSITION IN 
BIOLOGICAL SCIENCES 
at the 
Hopkins Marine Station of 
Standord University 

Applications are invited for an 
appointment in the Department of 
Biological Sciences of Stanford 
University, to be resident at the 
Hopkins Marine Station in Pacific 
Grove, California. The position is 
without restriction as to rank 
although preference will be given to 
younger candidates. The position 
involves both teaching and research. 
The Station wishes to appoint some- 
one with substantial competence in 
Marine Zoology or Marine Phy- 
cology, but whose research interests 
relate to ecological or comparative 
physiological problems. All applica- 
tions must include a curriculum 
vitae, a statement of research in- 
terests anda list of three people from 
whom letters of reference will be 
sought. Applications should reach 
C.S. Pittendrigh, Hopkins Marine 
Station, Pacific Grove, CA 93950 by 
December 15, 1981. Stanford 
University is an equal opportunity 
employer. (NW935)A 





RESEARCH ASSOCIATE 
(Post Doctoral) 


Cellular or molecular immunologist 
to participate in collaborative and 
independent research in broad areas 
of genetic control of the immune 
response in mice using synthetic poly- 
mers of amino acids. Studies con- 
centrate on: T cell receptors, factors, 
idiotype (antiidiotype) and hybri- 
domas. 


Contact Dr Paul H Maurer, Dept of 
Biochemistry, Jefferson Medical 
College, Thomas Jefferson University, 
1020 Locust St, Phila, PA 19107. 

(NW927)A 





ROYAL COLLEGE OF 
SURGEONS OF ENGLAND 


RESEARCH FELLOW 


A vacancy exists for a scientist to join 
a team investigating the microbio- 
logical aspects of dental caries at the 
College’s research establishment in 
Downe, near Orpington, Kent. Much 
of the work is concerned with the bio- 
chemical and immunochemical 
characterisation of Streptococcus 
mutans, in order to understand the 


| working of an anti-caries vaccine. A 


wide range of bacteriological, bio- 
chemical and immunological 
techniques is in use and the position 
would suit a recent PhD or good 
honours graduate, although it will 
not be possible to enroll for a higher 
degree. 


The initial appointment will be for 
3 years. Salary on the University of 
London Research and Analogous 
Staff scale IB (£6,252 to £8,667) 


according to experience. 2 
Please apply to the Personnel | 


Officer, Royal College of Surgeons 

of England, 35-43 Lincoin’s Inn 

Fields, London WC2A 3PN. 
(9640)A 
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THE UNIVERSITY 
OF SHEFFIELD 
WOLFSON INSTITUTE 
OF BIOTECHNOLOGY 
Immobilised Cell Technology 


Applications are invited for a 
POSTDOCTORAL FELLOW 
to work on a project on the 
immobilisation of plant cells which is 
part of an ongoing immobilised cell 
technology programme between 
UK AEA Harwell and the 
Wolfson Institute of Biotechnology. 
The successful applicant would spend 
the majority of his/her time based at 
Harwell, and would Haise closely 
with Wolfson Institute staff investi- 
gating natural product synthesis by 
immobilised plant cells. Applicants 
should have a background in the 
general area of biochemistry or 
microbiology; experience of cell 
culture or immobilisation techniques 

an advantage but not essential. 


Initial salary up to £6,880 a year. 
Tenable one year with possible 
extension for a second year. 


Particulars from the Registrar and 
Secretary, The University, Sheffield 
S10 2TN to whom applications 
should be sent by 12 October 1981. 
Quote ref: R633/G (9650)A 


YALE UNIVERSITY 
School of Medicine 


DEPARTMENT OF 
DERMATOLOGY 


POSTDOCTORAL POSITION 


(3 years) is available immediately to 
study the use of biologically active 
peptides as drug carriers in the 
melanoma cell system. The project 
involves the synthesis of peptide- 
toxin conjugates and studying their 
effects on cells in vitro and in vivo. 
Background in protein/peptide 
chemistry, HPLC and tissue 
culturing is desired. 


Send Curriculum Vitae and three 
letters of reference to: Dr J M Varga, 
Department of Dermatology, Yale 
University Schoo! of Medicine, PO 
Box 3333, New Haven, CT 06510. 

(NW939)A 





UNIVERSITY OF LEICESTER 
DEPARTMENT OF OBSTETRICS 
AND GYNAECOLOGY 
TECHNICIAN (GRADE 5) 


Applications are invited for the post of 
technician (Grade 5) in the Depart- 
ment of Obstetrics and Gynaecology 
at the Leicester Royal Infirmary 
Clinical Sciences Building. 


The research interests of the depart- 
ment include studies associated with 
human reproduction and the meta- 
bolism of pregnancy. Experience in 
these areas would be an advantage. 
The successful applicant will be 
responsible for the supervision of the 
laboratory and other technical staff 
working therein. At the moment such 
technicians are grant aided. 


Salary on the scale for Grade 5 
technicians £5,695 to £6,650 a year. 


Applications should be sent as soon 


„as possible to Professor John 


MacVicar, Department of Obstetrics 
and Gynaecology, Clinical Sciences 
Building, PO Box 65, Leicester Royal 
infirmary, Leicester. (9643)A 
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UNIVERSITY OF 
FORT HARE 
REPUBLIC OF 
SOUTH AFRICA 
SENIOR LECTURER 
IN PHYSICS 
Applications are invited from suitably 
qualified candidates for the above 

post: 


Minimum requirements: MSc in 
Physics with teaching experience at 
tertiary level. A Doctorate will be an 
added recommendation. The incum- 
bent will be expected to lecture to both 
undergraduate and post-graduate 
students as well as supervise research 
of post-graduate students. 


Candidates must please state areas 
of research. Assumption of duties: As 
soon as possible. Closing date for 
applications: 12th November 1981. 


General: The University of Fort Hare 
is situated near Alice in the Ciskei. 
Persons who are not South African 
citizens can only be appointed on a 
contract basis, which is usually for an 
initial period of three years renewable 
thereafter for further three year 
periods. 


Salary: R14,370 x 810 — 20,850. 


Additional Fringe Benefits; The 
following benefits are available 
subject to certain conditions: Group 
Life assurance; Medical aid; Pension 
Scheme; Service bonus; Territorial 
allowance; generous leave and sick 
leave benefits and generous assistance 
towards university training of 
employees’ children in the Republic of 
South Africa. 


Applications including a complete 
curriculum vitae and the names and 
addresses of at least Three referees, 
should be addressed to: The Staff 
Officer, University of Fort Hare, 
Private Bag X1314, Alice 5700, 
Republic of South Africa. Telephone: 
281 Alice, Telegraphic address: 
Unifort, Alice. (9632)A 





UNIVERSITY OF 
SASKATCHEWAN 


DEPARTMENT OF 
GEOLOGICAL SCIENCES 
Applications are invited for a vacant 
tenurable position in 


ENGINEERING 
GEOLOGY/GEOPHYSICS 


Applicants. should be qualified to 
teach undergraduate and graduate 
courses and to conduct research in 
engineering geology. A background in 
structural geology may be appro- 
priate. Well-equipped facilities are 
available for research in rock 
mechanics, fluid flow through porous 
media, acoustic and electrical 
properties of rocks, and permafrost. 
Rank and salary commensurate with 
qualifications and experience. 


Send applications, detailed personal | 


résumé including the names of at least 
three referees, and other supporting 
data to Dr W G E Caldwell, Head, 
Department of Geological Sciences, 
University of Saskatchewan, Saska- 
toon, Saskatchewan S7N OWO. 


Please note: until November 15, 
1981 consideration will be given only 
to applicants who are Canadians or 
landed immigrants, after that date all 
apidon: will be considered. 

(NW930)A 


DALHOUSIE UNIVERSITY 
DEPARTMENT OF BIOCHEMISTRY 
FACULTY POSITIONS 


Applications are invited for two tenure 
track faculty positions in the Depart- 
ment of Biochemistry in the Faculty of 
Medicine. Candidates should have an 
interest in the relationship between 
mutagenesis and carcinogenesis, and a 
strong background in either organic 
chemistry or molecular biology. We 
are looking for young scientists who 
can develop independent research 
programs as part of a group effort 
focused on the molecular mechanisms 


of mutations by carcinogens. Appli- | 


cants with a background in organic 
chemistry should have experience in 
natural product synthesis and the 
ancillary techniques (nmr, mass spec, 
etc). He or she should also have a good 
background in the theoretical aspects 
of modern organic chemistry, and a 
desire to apply this knowledge to the 
general problem of carcinogenesis. 
Candidates with a background in 
molecular biology should be familiar 
with both the theoretical and practical 
aspects of prokaryotic and eukaryotic 
molecular biology. He or she should 
have experience in both the 
biochemical techniques (cloning, 
sequencing, etc) and the genetic 
manipulations (strain construction, 
isolation of mutants, etc) of modern 
molecular biology as well as an interest 
in developing a human cell system 
employing site-specific mutagenesis to 
study the molecular mechanisms of 
mutation by carcinogens. 


The successful candidates must 
demonstrate an unusual ability for 
both research and teaching. They must 
display qualities of leadership not only 
within their area of specialization but 
within the broader academic aspects of 
the University. 


Applicants should send their cur- 
riculum vitae and the names of two 
referees to Dr Robert W Chambers; 
Head, Department of Biochemistry, 
Tupper Building, Dalhousie Univer- 
sity, Halifax, Nova Scotia B3H 4H7, 
Canada. (NW936)A 





UNIVERSITY OF LEICESTER 
DEPARTMENT OF 
PHARMACOLOGY AND 
THERAPEUTICS 
POST-DOCTORAL 
RESEARCH ASSOCIATE 


Applications are invited for the above 
post to work on a British Heart 
Foundation funded project examining 
the role of catecholamines, alpha- 
adrenoceptors, and cyclic nucleotides 
in human platelet function. The post 
would be most suited to a person who 
has just obtained a PhD and experience 
with receptor labelling and/or cyclic 
nucleotide research would be advanta- 
geous though not essential. 


The appointment is for two years 
and the commencing salary will be in 
the range £6,070 — £6,475 pa (IA 
Scale). 


Applications with curriculum vitae 
and names of two referees to Dr S R 
Nahorski, Department of Pharma- 
cology and Therapeutics, University 
of Leicester, Medical Sciences 
Building, University Road, Leicester 
LE! 7RH. (0533) 551234 ext 361. 

(9615)A 


SENIOR 


The USDA Human Nutrition Research Center on Aging a 
Tufts University will be recruiting senior level scientists over 
the next 18 months to examine the relationship of nutrition te 
aging. The Center building, when completed in July, 1982, 
will consist of 200,000 square feet in 15 stories housing 
“state of the art” facilities and over 300 scientific and support. 
staff. Scientists working in the Center will determine the: 
ways in which nutritional status influences the aging process: 
utilizing human volunteers and experimental animals. 
Research programs at the Center will identify nutrient 
requirements of the elderly and the ways in which diet, alone | 
and in combination with other factors — constitutional, 
environmental, hereditary, pharmacological, psychological, 
and sociological — contribute to degenerative conditions or 
health and vigor over the lifespan, The Centers unique 
cooperative government-university origin forms the basis for 
its intramural funding of research programs and opportuni. 
ties for academic appointments within Tufts University/ New = 


England Medical Center. 


Applicants must be established investigatorsinabasic 
science, epidemiology, medicine or nutrition witha 
significant publication record. PhD, MD, or- 
equivalent. Curriculum Vitae and a staternent of 
principal interests and future research directions 









should be sent to: USDA Human Nutrition Research 
Center on Aging at Tufts University, 15 Kneeland 
Street, Boston, MA 02111, Attn: David Twomey. 


An Equal Opportunity/ Affirmative Action Employer. 


THE LUDWIG INSTITUTE 


FOR CANCER RESEARCH 
(London Branch), The Haddow 
Laboratories, Clifton Avenue, 
Sutton, Surrey SM2 5PX. 


TECHNOLOGIST 


required to run, under scientific 
supervision, a well-equipped HPLC 
laboratory involved in method 
development for separation of hor- 
mones, growth factors, proteins and 
other biologically active molecules. 


Experience of other chromato- 
graphic and/or instrumental analy- 
tical techniques an advantage. 


Salary scale as Senior Research 
Officer (£6,987 to £8,916 + £527 
LW) or Research Officer (£5,283 to 
£6,921 + £527 LW), according to 
qualifications and experience. 


Applications in writing, together 
with names of two referees to the 
Administrator. (9641)A 





GUY’S HOSPITAL 
MEDICAL SCHOOL 
GRADUATE RESEARCH 
ASSISTANT (STATISTICIAN) 


required in the Unit for Metabolic | 


Medicine until 30th September 1983, 
to assist researchers in analysis of 
date. Salary in range £5,285 to £7,700 
plus £967 London Allowance. 


Apply in writing, with full 
curriculum vitae, to the Secretary, 
Guy’s Hospital Medical School, 
London Bridge SE! 9RT, quoting 
Ref M M. (9635)A 


: 


| perimental modelling are well dev 


(NWA. 


UNIVERSITY OF UPPSALA 
Sweden 
Applications are invited fora 
newly created x 
CHAIR IN GEODYNAMICS: 
AND TECTONICS 
Closing date: October 30, 1981- 


It is expected that the applicants me 
competent in essential parts of the 
research field, which comprises the 
physical processes involved in- the 
dynamic evolution of the earth's crust 
and mantle. Structural geology, the 
analysis of deformation processes: 
the study of the rheological prope 
of rocks are important compor 
this field of research. Applicatior 
experimental and theoretical mec 
are of paramount significance for 
interpretation of complex geologic 
Structures. . 



















Laboratory facilities for € 


loped at the department. 


Besides research the professorsh 
involves sponsoring graduate stude: 
and giving advanced courses in} 
field. 


Current starting salary: 140,000 Sw, 
Kr. per year. 


Applications, including four copies 
of curriculum vitae and published: 
papers (as well as unpublished 
manuscripts), should be addressed to 
the Swedish government, Registrar, 
University of Uppsala, Box 256, 8-75} 
OS Uppsala, Sweden. (WARA 











MERSEYSIDE COUNTY MUSEUMS 


ASSISTANT 
KEEPER 


(INVERTEBRATE ZOOLOGY) 
(£5,652 — £7,137) 


: Applications are invited for this post, which is based at the 
| County Museum, Liverpool. Candidates should have an interest 
in some aspect of invertebrate systematics and natural history 
and possess a degree in an appropriate subject and/or the 
Museums Association Diploma. 


Application forms, returnable by 23rd October 1981, 
available from The Director, Merseyside County 
Museums, William Brown Street, Liverpool L3 8EN. 

(9618) A 









Merseyside 
County Council 


CELLTECH 


FERMENTATION SCIENTISTS/ 
MICROBIAL PHYSIOLOGISTS 
PROCESS DEVELOPMENT 


< Celltech is a new British Company backed by both Government and 
City institutions which is dedicated to the exploitation of biotech- 
nology through discoveries in the fields of recombinant genetics 
and cell fusion. 


We are now looking for scientists to join a newly formed 
fermentation development department. Posts exist at several 
grades and applications are invited from experienced people with 
< technical, graduate or doctoral qualifications in the fields of 
microbial physiology and fermentation technology. 


Please send CV, quoting ref. no. 116 to The Personnel 
Department, Celltech Limited, 250 Bath Road, Siough, 
Berkshire. (S633)A 


DIRECTOR 
Recombinant DNA 
Core Facility 


-> Asa part of the Diabetes and Endocrinology Core Research Program, a 
< position is available immediately to direct the University-wide 
> recombinant DNA Core Facility located in the Biochemistry 
: Department. E 

O Candidate should have PhD or equivalent with experience in 
t recombinant DNA techniques. Some experimental deficiencies may be 
~ overcome by a short training period after appointment. Send 
curriculum vitae and references to: 


Dr John E Donelson 
Department of Biochemistry 
Bowen Science Building 
University of lowa 
lowa City, lowa 52242 
USA 





Affirmative action/equal opportunity employer. (NW937)A 



















UNIVERSITY OF GLASGOW 
VETERINARY SCHOOL 
LEUKAEMIA RESEARCH UNIT 
Applications are invited for the 


post of 

RESEARCH ASSISTANT 
in a group which is investigating the 
cytotropism of feline leukaemia virus 
and the role of haemopoietic cell 
growth factors in leukaemogenisis 
initiated by the virus. The position is 
funded by the Cancer Research 
Campaign and is for 3 years. A good 
honours degree in cell biology, 
immunology, virology or a related. 
subject is required. Salary will be 
within the range £5,285 — £6,475 
(Range 1B, Research and Analo- 
gous Staff scales}. 
Applicants should send a curriculum 
vitae and the names and addresses 
of two referees to Professor Oswald 
Jarrett, University of Glasgow 
Veterinary School, Bearsden, 
Glasgow G61 1QH. (Tel: 041-942 
2301) from whom further details 
may be obtained. 
in reply please quote Ref. No. 4856. 
(9644) A 





























OXFORD UNIVERSITY 
MUSEUM 
ASSISTANT CURATOR OF 
THE ZOOLOGICAL 
COLLECTIONS 


Applications are invited for this post. 
A degree in zoology or biology is 
essential, and experience in curatorial 
or display techniques would be an 
advantage. 


Salary within Senior Library and 
Museum Staff scale IA (£5,890 — 
£10,267), with membership of the 
Universities Superannuation 
Scheme. 


Further particulars are available 
from the Administrator, University 
Museum, Parks Road, Oxford OX] 
3PW (tel. 57467/57527), to whom 
applications (no forms) should be 
sent by 10 October. (959S)A 





INSTITUTE of Cancer Research: A 
Research Officer is required to work 
on a CRC/MRC funded project con- 
cerned with the application of recom- 
binant DNA technology to problems 
in mammalian developmental] 
biology. Enthusiasm is as good a 
qualification as previous experience in 
either of these fields. Starting salary in 
range £5,283 -~ £5,739 pa plus 
London Allowance of £859 pa. 
Applications in duplicate with the 
names of two referees should be sent to 
the Secretary, Institute of Cancer 
Research, 34 Sumner Place, London 
SW7 3NU, quoting ref: 301/B/8. 
(9623)A 





JUNIOR Laboratory Scientific 
Officer required in department of 
Microbiology to carry out work on 
mechanisms of growth regulation of 
animal cells and virus replication. 
Personal initiative will be encouraged. 
Day release for suitable study. Apply 
in writing, stating age and giving 
details of qualifications and 
experience (if any) to the Secretary, 
Guy’s Hospital Medical School, 
London Bridge SEI 9RT, quoting 
Ref. MC1. (9620)A 





Nature Vol, 293 1 October 1981 


ORAL ROBERTS UNIVERSITY 


DEPARTMENT OF 
PHARMACOLOGY 


is recruiting faculty, preferably at the 
full or associate professor level. The 
department desires applicants who | 
are highly qualified to teach both 
preclinical and clinical pharma- 
cology and who will engage in basic 
and clinical pharmacology research 
with extramural funding. The 
University is an Affirmative Action 
Employer and a nondenominational, 
private Christian institution. MD's 
and PhD-MD's are invited to inquire. 
Clinton N. Corder, PhD, MD, Chair- 
man, Department of Pharmacology, 
Oral Roberts University, 7777 South 
Lewis Avenue, Tulsa, Oklahoma 
74171; telephone 918-495 6311. 
(NW924)A 


UNIVERSITY 
OF PENNSYLVANIA 
School of Medicine 
DEPARTMENT OF 
BIOCHEMISTRY & BIOPHYSICS 


RESEARCH ASSISTANT 
PROFESSOR IN 
BIOCHEMISTRY & 
BIOPHYSICS 
Non-Tenure track 


A candidate is being sought for the 
position of Research Assistant 
Professor in a research program 
dealing with the measurement of 
Cat + transients in single muscle 
cells. Preference will be given to 
candidates with several years of 
experience with techniques per- 
taining to isolation of single muscle 
fibers, quantitative micro-spectro- 
photometry, electro-physiologica!l 
recording, and the isolation/charac- 
terization of Ca-binding proteins. 
Please send résumé, including a 
summary of research and three (3) 
letters of reference to: Dr David R 
Trentham, Chairman, Department 
of Biochemistry & Biophysics, 
University of Pennsylvania, School 
of Medicine, Philadelphia PA 19104. 
The deadline for applications 1s 
November 15, 1981. An Affirmative 
Action/Equal Opportunity 
employer. (NWS940)A 


MOLECULAR BIOLOGIST/ 


DEVELOPMENTAL 
GENETICIST 


The Department of Biclogy of the 
University of Rochester invites 
applications for two tenure-track 
positions at the level of Assistant or 
Associate Professor. Appointment to 
begin on or about September, 1982. 
Candidates should have shown ex- 
cellence in research in areas of 
Developmental and/or Eucaryotic 
Molecular Biology. 


Applicants should send a curriculum 
vitae, A statement of research interests, 
and have three letters of recommenda- 
tion sent to: Dr Abraham Worcel, 
Chairman, Search Committee, 
Department of Biology, University of 
Rochester, Rochester NY 14627. 


The University of Rochester is an 
Affirmative Action/Equal Opport- 
unity educational institution. M/F. 

(NW932)A 
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CALIFORNIA INSTITUTE 
OF TECHNOLOGY 


DIVISION OF GEOLOGICAL AND 
PLANETARY SCIENCES 


RESEARCH POSITION 
IN CHEMICAL 
OCEANOGRAPHY 


The position of research fellow is 
being offered at Caltech for research 
in oceanography. Investigation of the 
isotopic composition of neodymium 
and rare earth abundances in sea 
water and sediments is now being 
carried forward. The mechanism of 
injection of REE into sea water will 
be studied. The differences in 
l43Nd/i44Nd in various water masses 
{[Piepgras ef al., Earth and Planet. 
Sci. Lett. 45, 223-236 and Piepgras 
and Wasserburg, Earth and Planet. 
Sci. Lett 50, 128-138 (1980)] is now 
being carried forward as an explor- 
atory venture in order to determine 
the origin and chemical behaviour of 
REE in the ocean and the potential 
use of 1S Nd/ Nd as a tracer. The 
laboratory facilities for sample 
preparation and analysis are fully 
functional and will be available. 
Applicants should have training in 
oceanography and a good perspective 
on general physical oceanographic 
models. 


Send résumé and references to 
Professor G J Wasserburg, Lunatic 
Asylum, California Institute of 
Technology, Pasadena, CA 91125. 


Caltech is an equal opportunity/ 
affirmative action employer. 
(M/F/H). (NW94)5)A 





UNIVERSITY 
OF BONN 


DEPARTMENT OF 
ORGANIC CHEMISTRY 
AND BIOCHEMISTRY 


POST-DOCTORAL 
RESEARCH ASSISTANT 


Applications are invited for the 
tbove DFG funded post to investi- 
rate lysosomal glycolipid 
legradation. Experience in cell 
‘ulture and in lipid enzymology is 
equired. The appointment will be 
‘or two years initially and may be 
swrolonged. 


Salary will be according to BAT Ha 
DM 44 600 - 55 400/year). 


Applications should be sent 
ogether with a curriculum vitae and 
he names of two referees to: 
*rofessor K Sandhoff, Institut fiir 
Irganische Chemie und Biochemie 
ler Universitat Bonn, Gerhard- 
Jomagk-StraBe 1, D-5300 Bonn 1. 

(W435)A 





TRANSLATOR GEOPHYSICS 
GEOCHEMISTRY 


tussian to English. Excellent com- 
rand of English, Russian, and 
ubject matter required. Scripta 
'ublishing Co, 7961 Eastern Ave, 
ilver Spring, DM 20910. 
(NW925)A 


CNRS — MARSEILLE 
Institute for Neurophysiology 
and Psychophysiology 
HEAD OF A DEPARTMENT 
FUNCTIONAL 
NEUROMORPHOLOGY 


Due to the appointment of Mr Calas as 
Professor at the University of Bor- 
deaux, a vacancy has arisen at the Head 
of the Cellular Neurobiology Depart- 
ment at the Institute for Neuro- 
physiology and Psychophysiology in 
Marseilles. 


Applications are invited from 
specialists (Maitre de Recherche or 
equivalent) interested in occupying a 
position of responsibility in the field of 
Functional neuromorphology. 


The current development of 
morphological techniques applied to 
the Nervous System has opened new 
pathways for investigating the or- 
ganization, working and functions of 
the structures under study. The 
Institute is looking for a research 
scientist who is familiar with these 
methods and capable of applying them 
to his own research as well as to other 
problems dealt with at the INP, in- 
cluding somatic and vegetative motor 
activity, visceral sensibility, aminergic 
neurons, behavioural analysis, etc 
Collaborative work with other existing 
Neurochemistry laboratories in 
Marseilles is possible. 


Department staff includes 4 tech- 
nicians. The Department is also 
responsible for the backup Histology 
Department (2 technicians). Equip- 
ment includes full photonic micro- 
scope image analysis, radio- 
autography and immunohistology 
equipment, backup facilities available 
include Electron microscope and 
Radio-Isotope departments, provid- 
ing complementary possibilities for 
the dynamic analysis of cellular 
structures, 


The position involves full time 
research as permanent Scientist of the 
CNRS with salaries at the range of 
Maitre de Recherche. 


Additional information are 
obtained from: Professeur Jacques 
Paillard, Directeur de l'Institut de 
Neurophysiologie et Psychophysio- 
logie, BP 71 — 13277 Marseille 
Cedex 9. 

Applications are requested to date 
by February Ist 1982. (W445)A 


BIOCHEMIST 
POSTODOCTORAL FELLOW 
or 
RESEARCH ASSOCIATE 


to study the structure of intestinal 
mucins and participate in the prepara- 
tion of monoclonal antibodies to syn- 
thetic antigens reflecting structural 
features of saccharide moieties of 
mucins from normal and neoplastic 
tissues of human colon. Appointees(s) 
will join a team involved in research in 
basic causes and prevention of colon 
cancer. Duration of appointment and 
salary are negotiable. 


Send curriculum vitae and names of 
3 referees to Dr J J Krepinsky, Ludwig 
Institute for Cancer Research, 9 Earl 
Street, Toronto, Ontario, Canada 
M4Y 1Ma4. Phone (416) 978-3702. 
(NW928)A 


The National Hospitals for Nervous Diseases 
Queen Square, London WC1 


Temporary Electron 
Microscopy Technician 


Required immediately for an initial peried of § months while the 
present holder of the post is on maternity leave. Experience and a 
high degree of competence is essential. Familiarity L.K.B. ultra- | 
microtomes and feol electron microscope preferable. Salary 
dependent on qualifications and experience. On the Whitley 
Council MLSO grade (£4,958 — £6,993 p.a. plus £839 
London Weighting Allowance). 37 hour week, 5 day 


week. 


Written applications, stating experience and | 
of two referees to | 
Personnel Officer at above address. 


The National Hospitals f 
For Nervous Diseases | 


names and addresses 


(9617)A 













UNIVERSITY OF ALBERTA 


KILLAM MEMORIAL CHAIR IN 
SCIENCE AND ENGINEERING 


A bequest from the late Dorothy J. Killam has resulted in the f 
endowment of two Killam Memorial Chairs in any area of basic science $- 
or engineering. These are senior appointments offered to distinguished f 
individuals to permit them to carry on high level research and graduate 9 


teaching. 


One of the Killam Memorial Chairs will become available on July 1, f- : 
1982. We are seeking outstanding candidates to fili this position. We f- 
invite nominations and applications on behalf of or from distinguished 
individuals interested in this chair. Enquiries, nominations and 


applications should be directed to: 


Dr J. Gordin Kaplan 
Vice-President (Research) 
The University of Alberta 
Edmonton, Alberta, Canada T6G 2/9 


Nominations should be received before December 1, 1981. 





UNIVERSITY OF 
ZIMBABWE 


Applications are invited for the 
following posts: 
LECTURESHIP/SENIOR 
LECTURESHIP 
PHYSICS 
(Geophysics) 
(available 1/2/82) 


Salary Scales: Lecturer Grade H 
$7,008 x 504 ~- $9,528 — $12,168. 
Lecturer Grade I $12,720 x 528 — 
$14,832. Senior Lecturer 
$14,040 x 528 — $15,624x 540 — 
$18,324. (£lstg. = Z$1.28 approx). 


Both permanent pensionable terms 
and short-term contracts are offered 
for academic posts. 


Further particulars on these posts, 
on conditions of service and method 
of application should be obtained 
prior to submitting an application 
from Director, Appointments & 
Personnel, University of Zimbabwe, 
PO Box MP 167, Mount Pleasant, 
Salisbury, Zimbabwe, or from the 
Association of Commonwealth 
Universities (Appts.), 36 Gordon 
Square, London WCIH OPF. 


Applications should be submitted 
by 15 November 1982. (964A 





(NWOTSIA 


UNIVERSITY OF 
GLASGOW 
INSTITUTE OF 

VIROLOGY 

POSTDOCTORAL 
RESEARCH FELLOW | © 
A vacancy exists for a bee 
MOLECULAR BIOLOGIST/ | __ 
BIOCHEMIST “Ts 
to extend findings which have 
demonstrated herpes simplex 
Virws-coded information in human 
cervical carcinoma tissue, 
Applicants should have some 
experience with the isolation and: 
characterisation of nucleic acids! 
and, preferably, of molecular 
cloning procedures. ; 
The position, starting as soon a 
possible, is funded by the Cancer 
Research Carnpaign for three years 
and has good technical support. | 
Salary £6,880 to £10,575 per annum) 
+ USS. l 
Applicants should send Curriculum: 
Vitae and the names and addresses 
of three professional referees to Drs 
J. B. Clements/J.C. M. Macnab, 
institute of Virology, Church 
Street, Glasgow GTi 5JR. | 
DEIRA 























BIOGEN S.A. 
Geneva, Switzerland 


Positions are available for scientists at all levels who are skilled in the areas of: 


MICROBIAL GENETICS 
MICROBIAL PHYSIOLOGY 
CELL BIOLOGY 
BIOCHEMISTRY 
IMMUNOLOGY 
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FERMENTATION TECHNOLOGY 
ENZYMOLOGY 
PROTEIN CHEMISTRY 
NUCLEID ACID BIOCHEMISTRY 
RECOMBINANT DNA TECHNOLOGY 


Biogen is a biotechnology company with laboratories in Switzerland and in the United States, developing 
commercial applications of molecular biology in a variety of areas. We offer a challenging scientific career with the 
opportunity to interact with talented colleagues in a stimulating environment. Because of successful developments 
we will be expanding our staff and facilities during 1982 and are seeking highly qualified researchers as we initiate 


new projects. 


Biogen offers a competetive salary and benefits package. 


REPLY TO: 


Geneva, Switzerland. 


Personnel Manager, Biogen S.A., Route de Troinex 3, 1227 Carouge, 


Please send your résumé and a list of three individuals who may be contacted for references on your behalf. All 
replies will be evaluated in confidence. 


Biogen is an equal opportunity employer. 





~~” GLASSHOUSE CROPS 
RESEARCH INSTITUTE 


-VACANCY FOR HEAD OF 
- PLANT PATHOLOGY AND 
MICROBIOLOGY 
DEPARTMENT 


’ Experienced scientist required as Head 
-of Department formed by combining 
existing Microbiology and Virology 
- Departments already within the Crop 
_ Protection Division to help develop in 
_ collaboration with the Head of 
_ Division a fully integrated programme 
__ of crop protection research and also to 
pursue personal research. Particular 
mphasis will be placed on 
idemiological studies and to 
tegrated pest and disease control 
‘stems, extending as appropriate to 
laborative programmes with other 
stablishments. The Division 
ymprises 60 staff in addition to the 
ad, 33 of whom will make up the 
ymbined Department. 






























7 Applicants should have a good 
onours Degree, with a substantial 
esearch record in Plant Pathology 
and Microbiology and the ability to 
provide innovative scientific 
eadership. 


Appointment in the Senior 
rincipal Scientific Officer grade 
(£14,229 — £17,418 pa). Non-con- 
= tributory superannuation scheme. 


Further details and application 
forms from Institute Secretary, Glass- 
‘house Crops Research Institute, 
< Worthing Road, Rustington, Litte- 
“hampton, West Sussex BN16 3PU, by 
| §October, 1981. (9605)A 


UNIVERSITY 
COLLEGE, CARDIFF 


DEPARTMENT OF 
ZOOLOGY 


RESEARCH ASSISTANT 


Applications are invited for the 
above post to work on Flight 
Behaviour of Bean Aphids. 
Applicants should have an honours 
degree in Biology ora related subject. 
The post is for a fixed term of two 
years and the salary range is £5,285 to 
£5,675 pa. Duties to commence as 
soon as possible. 

Applications (2 copies) together 
with the names and addresses of two 
referees should be forwarded to the 
Vice-Principal (Administration) and 
Registrar, University College, PO 
Box 78, Cardiff CFI! iXL, from 
whom further details will be 
available. Closing date 30th October. 
Ref: 2287. (9637)A 


IMPERIAL COLLEGE OF 
SCIENCE AND 
TECHNOLOGY 

Applications are invited from 
Biochemists or Microbiologists with 

a first or upper second honours 

degree for an SRC Studentship in 

MOLECULAR GENETICS 

The work will involve gene cloning 
and DNA sequencing and the student 
will register for a higher degree of the 
University of London. 


Applications, as soon as possible 
to: Dr K W Buck, Department of Bio- 
chemistry, Imperial College, London 
SW7 2AZ. (9626)A 








Continued on page lv 


GRANTS and 


SCHOLARSHIPS 


THE ROYAL SOCIETY 
THE RUTHERFORD 
SCHOLARSHIP 


This award, for graduates of excep- 
tional promise and ability who are 
under 26 years of age on | May 1982, is 
for experimental research in any 
branch of the natural sciences, with a 
preference for experimental physics if 
there are candidates of similar merit. H 
will be tenable for three years, from 1 
October 1982 or such other date as 
may be arranged, in some part of the 
British Commonwealth other than 
that in which the applicant graduated. 
The value, adjusted to meet the 
circumstances, will be £3,350 per 
annum on appointment (under review) 
if held in the United Kingdom, with 
allowances for travel, university fees, 
etc. [It will not normally be awarded to 
a graduate who has already held a 
senior research award. 


Applications should be made as 
follows: 

From university graduates in the 
United Kingdom; before 15 February 
1982 on forms obtainable from the 
Executive Secretary, The Royal 
Society, 6 Carlton House Terrace, 
London SW1LY SAG. 


From university graduates outside 
the United Kingdom: through their 
universities to the Royal Commission 
for the Exhibition of 1851 on forms of 
application for the Commissioners’ 
Science Research Scholarship to be 
obtained from the registrars or admi- 
nistrative authorities of their 
universities. (9624)H 


W452(A) 





AWARDS 


Sekien uneen ipaa eaa aR 


CAREER TRAINING IN 
CANCER RESEARCH 
FOR MD’s 
Funds are available from a National 
Cancer Institute of Canada Terry 
Fox Training Grant Award to Drs H 
Bush and D Denhardt to support 
trainng in research in the London 
Cancer Clinic and the Cancer 
Research Laboratory of the Univer- 

sity of Western Ontario. 


These competitively-salaried 
positions provide an excellent oppor- 
tunity for medically qualified 
individuals to participate in some 
exciting research, such as the appli- 
cation of recombinant DNA and 
hybridoma technologies to the 
immunology and cell biology of 
metastases. 


Candidates should send a detailed 
resume, undergraduate transcript, 
statement of career plans, and 
references to Dr Haydn Bush, 
London Cancer Clinic, Victoria 
Hospital, London, Ontario N6A 
4G5, Canada. (NW942)N 
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nature — 


when replying to 
these advertisements | 
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as LECTURES 





LEUKAEMIA RESEARCH FUND 


1981 GUEST LECTURE 
will be delivered on 
Wednesday 18th November 1981 at 5.30 p.m. 
at the 
institute of Chid Health 
Guildford Street, London WC1 
by PROFESSOR L.G. LAJTHA 


of the Christie Hospital & Holt Radium Institute, Manchester 
Subject: “STEM CELLS: PROPERTIES AND MALFUNCTIONS” 
admission is free by ticket from: 
LEUKAEMIA RESEARCH FUND, 
43 GREAT ORMOND STREET, 
LONDON WCIN 3JJ, tel: 01-405 0101. 


THE University of Adelaide wishes to 
appoint a Lecturer in Anatomy & 
Histology. Salary $19,821 x7 — 
$26,037 plus $2,500 clinical loading a 
year for registrable medical qualifica- 
tion. Further information from the 
Registrar Designate of the University, 
GPO Box 498, Adelaide, South 
Australia, 5001, with whom applica- 
tions close on 31st October, 1981. 
(W447)K 





ASSISTANTSHIPS 





UNIVERSITY OF 
SOUTH FLORIDA 
-MEDICAL CENTER 


POSTDOCTORAL 
RESEARCH 
ASSISTANTSHIP IN 
BIOCHEMICAL 
TOXICOLOGY 


| Position is available immediately for 
| aggressive individual with doctorate 
‘in’ pharmacology-toxicology. Pro- 
gram involves pulmonary metabo- 
lism and response to certain drugs 
and industrial chemicals. Strong 
background in biochemistry and 
physiology a must. Send CV and 3 
letters of recommendation to: Mark 
R. Montgomery, PhD, Research 
Service (151}, VA Hospital, 13000 N. 
30th Street, Tampa, FL 33612. 

(NW926}P 




















UNIVERSITY OF LEICESTER 
DEPARTMENT OF BIOCHEMISTRY 
POSTDOCTRAL RESEARCH 
ASSISTANTSHIP 
(MRC Funded) 


An immediate vacancy exists for a 
well-qualified Postdoctoral Research 
Assistant to work on the biochemistry 
3f vertebrate myosin in its native 
filament form. Standard biochemical 
echniques are used but the appointee 
will have the opportunity of becoming 
‘amiliar with a range of sophisticated 
yophysical techniques within an 
ictive group. 


The appointment, for one year 
nitially, will commence as soon after 
st October, 1981, as possible. 
-ontact Dr A J Rowe, Department of 
siochemistry, Adrian Building, 
pvers Road, Leicester LE] 7RH. 

(9614)P 


(9628) 





UNIVERSITY 
OF EXETER 
DEPARTMENT OF 
CHEMISTRY 
Applications are invited from 
Organic Chemists for a 
POSTDOCTORAL 
RESEARCH ASSISTANTSHIP 
to study a reaction of passible use in 
the chiral synthesis of some natural 
products. The post will be available 
from 1 October 1981 and will be for 
one year, at a salary in the range 
£6,070 to £6,880 per annum. 


Applications (curriculum vitae; 
one copy with the names of two 
referees) should be sent to Dr JS 
Whitehurst at the Department of 
Chemistry as soon as possible, 

(9636)P 


THE UNIVERSITY OF 
SHEFFIELD 
DEPARTMENT OF METALLURGY 
SERC POSTDOCTORAL 
RESEARCH 
ASSISTANTSHIP 
METALLIC GLASSES 


Applications are invited for a 
Research Assistantship, to study 
relaxation and embrittlement 
phenomena in metallic glasses. 
Tenable for a fixed term of three 
years. Initial salary in range £6,070 — 
£7,700 plus USS. 


Applications, with curriculum 
vitae and naming 2 referees, should 
be sent to Dr H A Davies, Depart- 
ment of Metallurgy, The University, 
Sheffield SI 33D (Tel. 0742-78555 
ext 5513) by 16 October 1981. Quote 
ref: R637/G. (9616)P 
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FELLOWSHIPS 
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UNIVERSITY OF YORK CANCER RESEARCH UNIT: 
RESEARCH FELLOWSHIP 
(Post-Graduate or Post-Doctaral) 
An interesting opportunity exists in the above Unit for a synthetic/orga 


chemist to work on various aspects of environmental pollution, Apple 
should have a sound knowledge of practical organic synthesis as well 


experience of analytical procedures. 


The post ts tenable for three years and is funded by the Health and Saf 
The salary will be on Scale 
depending on qualifications and experience. 


Executive. 


£10,575). 


Previous applicants need not reapply. 
Four copies of applications, including full curriculum vitae and nam 
three referees, should be sent by Monday 19 peopel 
University of York, Heslington, York YO! 
particulars may be obtained. Please quote reference 7099, 


WORKSHOP 


EMBO WORKSHOP ON 
REPLICATION OF 
PROKARYOTIC DNA 
May 10 — 15, 1982 
The workshop wil be organized by P. 
Weisbeek (Dept. of Mol. Celbiology, 
State University, Utrecht) and E. 
Veltkamp (Dept. of Genetics, Vrije 
Universiteit, Amsterdam) and held at 
De Eemhof, Zuidelijk Flevoland, The 
Netherlands. The objective of the 
workshop is to evaluate our current 
understanding of the processes and 
structures involved in the replication, 
maintenance and partitioning of 
prokaryotic genetic elements such as 
chromosomes, phages and plasmids. 
Principle speakers will be: P.D. Baas, 
D. B. Clewell, R. Eichenlaub, D.R, 
G. Hobom, B Kline, A. 
Kornberg, W. Messer, K Nordström, 
B. Pritchard, P. van de Putten, M. 
Salas, J. Scott, D. Sherratt, N. 

Willets. 
Attendance is limited to 70. Appi- 
cants (actively engaged in the field) 
should submit a preliminary abstract 
of their poster and brief description of 
ther research interest. Participants 
will be accepted on the basis of their 
potential to contribute: however, 
preference will be given to younger 
scientists. The attendance fee will be 
Dfl. 300, which will include room and 
board during the meeting. 
Application (deadiine, January 1, 
1982) and further information: E 
Veitkamp, Department of Genetics, 
Biological Laboratory, Vrije Univer- 
siteit, De Boelelaan 1087, 1081 HV 
Amsterdam, The Netherlands. 
(W444) 
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APPOINTMENTS 
continued 


IMMUNEX CORPORATION 
Seattle, Washington 


Seeks molecular biologists, irmmunologists, and biochemists for its new 
research facility which will open in Seattie early in 1982. immunex 
corporation is a new research and development company working in the 


area of immunoreguiation by lymphokines. Both staff scientist (Assistant 
Professor equivalent) and Senior Staff Scientist positions are available. 
Applicants with outstanding academic records are sought and, for senior 
positions, evidence of independence (e.g. principal investigatorship of 
peer-reviewed grants) will be necessary, Excellent salaries and fringe 
benefit package. Send curriculum vitae and names of at least two 
references to: Dr. Steven Gillis or Dr. Christopher S. Henney, Immunex 


Corporation, PO Box 70668, Seattle, Washington 98107. 


(NW933) 4 
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LEICESTER POLYTECHNIC 
SCHO OF CRIEMISTR ¥ 
POST DOCTORAL 
FELLOWSHIP 


Applications invited for a post. : 
doctoral appointment tenable in the | 
School of Chemistry, for studies in 
the Synthesis of novel biologically. 
active compounds in collaborato 
with Dr A F Temple and The’ Boot 
Co Ltd. Candidates with an interes 
in and experience of synthetic orga 
chemistry should be about tosup 
or have recently submitted for. Ph 
it is anticipated that the appoints 
will maintain a close liaison withthe 
sponsoring company and will have — 
the opportunity of gaining experience — 
of the wider aspects of drug research. 

The appointment will, in the first. 
instance, be a one year contract with o- 


| possible extension to a maximum of | 


twoand a half years: the salary willbe 
in the range, £6,070 -- £6,880 per. 


; annum, 


Application forms and further 
particulars available from Personnel 







Leicester LE] 9BH. Tel 
(0533) 551551 ext 2303/1. 
(962 DE 
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UNIVERSITY 
OF BIRMINGHAM 
DEPARTMENT OF 
BIOCHEMISTRY 
RESEARCH FELL OWSHIP- 


Applications are invited for. 
Research Fellowship for three vear 
to work with Dr NJ Kuhn on 
ARC sponsored project to establi 
and biochemically study mami 

















Applicants shou 
= Suitable postgraduate 
experience, preferably including ce 


Salary within the range £6,076 to 
£10,575 but initial salary p 
expected to exceed £6,880), dependi 
on age, qualifications and 
experience, 


Applications (2 copies) including a 
curriculum vitae and the names of 
three academic referees, should be- 
sent by 30 October 1981 to Jane > 
Nelson, Senate Registry, Universi 
of Birmingham, PO Box 363, 





further particulars may be obtained. 
(9654) E 
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Fellowships continued on page xiv 
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IMPERIAL CANCER RESEARCH FUND 
n POSTDOCTORAL RESEARCH FELLOWSHIP 
cations are invited for a three year, postdoctoral appointment to work on 
on microscopic studies of the role of the cytoskeleton in the normal and 
logical behaviour of bladder urcthelium. It is envisaged that the studies 
ely especially on monoclonal antibodies against designated cytoskeletal 
onents and on the development of new techniques for the electron 
> of intracelular structures. Experience in electron microscopy is 
ential. 
“Salary range £7,700 to £9,750 plus London Allowance of £967 a year, with 
entry point according to qualifications and experience. 
For further information contact Dr G Hodges (tel 01-242 0200 ext 313). 
_ Applications including full curriculum vitae and names and addresses of two 
_Teferees should be sent to the Secretary, Imperial Cancer Research Fund, 
-Lincoln's Inn Fields, London WC2 by 30th October, 1981. Quoting reference 












7 UNIVERSITY OF LONDON 
ROYAL POSTGRADUATE MEDICAL SCHOOL 


- IMMUNOCYTOCHEMISTRY 
TODAY 


25 January — 5 February 1982 
A second, expanded, course in the Theory and Practice of 
immunocytochemistry 
Organised by the Department of Histopathology 
The Course will cover up-to-date methods incorporating the latest 


advances in technique as used at the Royal Postgraduate Medical 
School for diagnostic and research purposes. 


The following topics will be covered: regulatory: regulatory 
peptides, tumour markers, monoclonal antibodies, lymphoma 





1146/147/814. (9583)E eae 
ee . diagnosis, autoimmunity, tissue culture, electron microscopic 
immunocytochemistry, antibody raising and testing. 
Emphasis will be on practical technique with opportunities for 
UNIVERSITY OF students to stain their own preparations. 
. WÜRZBURG EAA and a will include: F. Bottazzo, D. Catovsky, C. Cuello, J. De 
on iced ey, E. Heyderman, P. Isaacson, G. Janossy, K. Jessen, |. 
: INSTITUTE OF VIROLOGY Lampert, D. Y. Mason, J. M. Polak, M. Szelke. 
- “AND IMMUNOBIOLOGY 


J. M. Polak 

S. Van Noorden 

£135 for home students and 
those from the EEC 

School Office (SSC) 

Royal Postgraduate Medical 
School, Hammersmith Hospital, 
Du Cane Road, London W12 OHS 


MICROBIOLOGY COURSES Course organisers: 


AT HOUNSLOW 
BOROUGH COLLEGE 
Our courses lead to TEC single sub- 
ject certificates. Attendance is for 
one afternoon or evening per week. 
Medical environmental and indus- 


_A position is available to join a group 
‘working on the immunology and 
molecular biology of mumps virus 
infections. 
POST-DOCTORAL 
SCIENTIST 


‘Experience in cellular immunology is 
‘desirable. 


= Contact: Dr H W Kreth, Institute 
of Virology and Immunobiology, 
-Versbacher Straße 7, D-8700 
< Würzburg, FRG. (W448)E 


Course fee: 


Application forms 
available from: 


trial aspects are all covered. 


For details please contact K. 
Ebbutt, Head of Science Depart- 
ment, Hounslow Borough College, 
St. John's Road, Isleworth, Middx. 


Tel; 01-743 2030 ext 351 


Closing date for applications: 20 November 1981. 


(9625)C 





or phone 01-568 0244, (965 7)C 








a 5 peme 
International Genetic Sciences, Inc. is organizing an annual conference on 
INTRODUCTION OF GENETIC MATERIALS INTO EUCARYOTIC CELLS: 


PRESENT STATE AND FUTURE PROSPECTS 


Keynote address by: Prof. Ephraim Katzir 
Weizmann Inst. of Science & The Biotechnology Center, Tel Aviv University, Israel 
on Biotechnology in Israel: Present and Future 


Speakers for the conference 





Dr. F. Ausubel: Harvard University 

Molecular Biology Of Nitrogen Fixation 

Dr. H. Goodman: Uriversity of California, S.F. 
Structure and Evolution of Mammalian Human Genes 
Dr. A. Graessmann: Free University of Berlin 
Microinjection Turns A Cell To A Test Tube 

Dr. S. izhar: Volcani Center, Israel 

Transfer of Cytoplasmic Genetic Elements in Plants 
Via Somatic Cell Fuson 

Dr. A. Loyter: Hebrew University 

Use of Sendai Virus Envelopes As A Vehicle To 
introduce DNA Molecules To Living Cells. 

Dr. D. Papahadjopoulos: University of California, S.F. 
Liposomes As A System For Delivering DNA To Cells 
Dr. R. Rott: institute of Virology, W. Germany 
Fusion Of influenza Virus Envelopes With Cell 
Membranes 






















Send to: 








Typesetting: J.W. Arrowsmith Ltd 


Interested scientists, please send as soon as possible information incl 


(2) International Genetic Sciences, Inc. 





, Bristol and Outline Graphics | td. London EC4. Printing: The Chesham Press 
odfrey Lang Lid, London WCIR 4EB and The William Byrd Press Inc., Richmond, Virginia. Published by MACMILL 


Dr. F. A. Ruddie: Yale University 

Gene Transfer In Mouse Embryos 

Or. W. Rutter: University of California, S.F. 
Expression Of Eucaryotic Genes In Foreign Host 

Dr. J. Schell: Max Planck Institute, W. Germany 

Ti Plasmids As Experimental Gene Vectors For Plants 
Dr. R. Shimke: Stanford University 

Gene Amplification As A Means Of Obtaining DNA 
Synthesis 

Dr. D. N. Stacy: Roche Inst. of Molecular Biology 
Use Of Microinjection To Determine Structure- 
Function Relationship In Retroviral Oligonucleotides 
Dr. T. Wagner: Ohio University 

The Mammalian Male Pronucleus As A Vehicie For 
Embryo Transformation 


Cost of $450 includes room and meals. No registration fees. Number of participants limited to sixty. The conference 
to be held at the Harrison Conference Center, Glen Cove, L.L, NY. NOVEMBER 22-25, 1981 
uding name, address, phone, present position and areas of interest. 


155-25 Styler Road * Jamaica, NY USA 11433 
or call (212) 526-0400 
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Circle No. 56 on Reader Enquiry Card. 


The New England Journal of Medicine presents to its readers original 
articles of clinical-scientific material and interpretive reviews in the major 
disciplines of medicine. In this highly competitive field less than 10% of 
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rigid editorial policy that articles must reveal something new or be an 
extension of existing knowledge. 
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Six reasons to buy a Multiphor 





Obtain superior electrofocusing results Choose between two preparative tech- Quantitate proteins by Laurell rockets 
for a fraction of the cost and time of niques. Purify up to gram quantities of or run any popular immunoelectro- 
running older systems. High perform- even crude samples with preparative phoretic technique. The new Mini 

ance electrofocusing lets you analyze electrofocusing. Alternatively, try pre- Electrophoresis Kit costs only half the 
well over 600 samples per bottle of parative isotachophoresis with its price of the original kits yet gives you 
Ampholine with improved resolution stacking principle to get good resolution everything you need to get started with 
due to the elimination of thermal gra- at much lower cost. agarose and immunoelectrophoresis. 


dients in the gel. 





Produce titration curves of your sample Determine the molecular weights of Map complex protein and peptide mix- 
mixtures to gain information about sta- native proteins with high resolution tures with two-dimensional electro- 
bility, heterogeneity, interactions, pl, using ultrathin-layer gradient gel phoresis. Combine high performance 
and the best pH for purification. electrophoresis and our new miniature — electrofocusing in the first dimension 
Simultaneously display the electro- gradient former. Or perform conven- with ultrathin-layer gradient gel 
phoretic mobility versus pH of every tional SDS and polyacrylamide gel electrophoresis in the second, using the 
component in a single experiment with electrophoresis with the original SDS/ latest procedure developed by Gorg et.al. 
the new Titration Curve Kit. PAGE Kit. and the new 2-D and Gradient Gel Kit. 


Results 5 and 6, courtesy of Dr. Angelika Görg, Technische Univ. München _ 





When you want the versatility to perform a 
wide variety of electrophoretic techniques, you 
need the Multiphor System. Now with an ex- 
panded range of capabilities, the Multiphor 
provides unparalleled flexibility, superior de- 
sign and complete technical support. 

Chosen by more researchers throughout the 
world than any other, the Multiphor System 
offers unbeatable value for money. 

Isn’t it time to update your present Multiphor 
or to consider adding a second system this year? 
Contact your local representative today and 
discover how little it costs to gain a lot of ver- 
satility. 
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Head office: LKB-Produkter AB, Box 305, S-161 26 Bromma, Sweden. Tel. 08-98 00 40, telex 10492 
Main US sales office: LKB Instruments, Inc. 12221 Parklawn Drive, Rockville, MD 20852. Tel. 301-881 25 10, telex 230 89 682 
UK sales office: LKB Instruments Ltd., 232 Addington Road, S. Croydon, Surrey CR2 8YD, England. Tel. 01-657 8822, telex 264414 
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Mettler HK 160 


How demanding 
should you be 
when buying 

an analytical 
balance? 


If you really want 
to know, take a 
look at the 
Mettler products. 


Some balances make heavy work 
of certain analyses, while forothers 
they are ideal. This is because too 
many different demands are made 
on them at one and the same time 

Mettler has analyzed the pro- 
blems, and now offers just the right 
balance for each requirement 

For instance the fully electronic 
HK160, with a hanging pan and a 
weighing range of 160 g; readability 
to 0.1 mg 

Or the fully electronic AK 160: a 
toploader, that is accessible from 
the side or from above, with the 
same performance as the HK 160 

Both precision instruments 
have the exclusive Mettler Delta- 
Display, which tremendously 
speeds up and simplifies weighing- 
in. Both have the time-tested 
single control bar. And a built-in 
calibration system, which elimin- 
ates putting calibration weights on 
the pan. Being fitted with data 
interfaces, they can also be 
hooked up to terminals, computers 
and printers 

For routine jobs Mettler offers 
the moderately priced AC100. Its 
range extends to 82 grams, with 
a readability of 0.1 mg. It merely 
lacks the refinements you don't 
need for routine work 

lf you really want to know why 
we are one of the major manufac- 
turers of analytical balances 
world-wide, ask for a demon- 
stration 

Won't you and your staff ana- 
lyze your situation? 





Mettler Instrumente AG 
CH-8606 Greifensee, Switzerland 
Tel. 01/941 22 41, Telex 54592 


Circle No.09 on Reader Enauiry Card 





specially tested 
for tissue culture 


and ... competitively priced! 





Product code Pack 
44285 3U 25g 
44285 4V 100g 
44285 6a 1kg 


For further details of the complete range of very 
competitively priced ‘Good’ zwitterionic buffers 
manufactured by BDH and H&W, contact:- 


Dr A T Charteris 


BDH Chemicals Ltd Broom Rd Poole BH12 4NN Tel:0202 745520 
Tix: 41186 &418123 Tetra G 
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New for 


Neurofunctional Mapping 


Aqueous packaging for added convenience 


More efficient labeling than 2-deoxy-D-glucose 
2F-DG has been shown to be transported more rap- 
idly into brain cells, and more slowly removed than 
2-DG. Thus it builds up to higher concentration in the 
cell, making more efficient use of label than 2-DG. 


Establish metabolic similarities between 2F-DG and 
G 





Deoxy-2-fluoro-D-glucose,2-[14C(U)]- 
300-600mCi/mmol 

NEC-757 — Ethanol:water, 9:1 

NEC-757A Sterile aqueous solution 
50uCi 250uCi mCi 
Deoxy-2-fluoro-D-glucose,2-|5,6-°H]}- 
25-50Ci/mmol Sterile aqueous solution 
NET-702 250uCi 1mCi 5mCi 
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NEWEST 
Protease Substrates 


Improved assay sensitivity: Reaction volumes of 
<=25yul conserve substrate and enzyme 


Low background, ease of assay: Labeled cleavage 
product is preferentially soluble in organic solvents 


Benzoyl-L-prolyl-L-phenylalanyl-L-arginyl-anilide, 
[aniline-'4C(U)]- Plasma and glandular kallikrein 
substrate NEC-758 
Benzyloxycarbonyl-glycyl-L-prolyl-L-arginyl-anilide, 
[aniline-'*C(U)]- Thrombin and plasmin substrate 
NEC-774 

Toluene- sulfonyl-L-arginine methyl ester, p- 
[methy/-SH]- (TAME) Broad spectrum substrate for 
serine (trypsin-like) proteases. Highest specific activity 
sense NET-717 


Pot he ethyl ester hydrochloride, a-N- 
cho -2-3H]- Broad spectrum substrate used to 
measure human thrombin, enterokinase, trypsin, 
and acrosine NET-718 
Also: 
Casein, |methy/-'*C|-methylated NEC-735 
Collagen, [°H]-(Rat Type!) NET-660 
Collagen, [methy/-14C |-methylated 
‘dil fibril forming) NEC-729 

Methemoglobin, [methy/-'4C|-methylated NEC-728 
Protein, ['4C(U)]-(E. coli) NEC-737 
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High biotin binding affinity 

Avidin,| '*°! |- 

30-60uCi/pg 

Shipped frozen in 0.05M sodium phosphate buffer 
(pH 7.4) 

NEX-164 10uCi 2x10uCi S5OuCi 2x50uCi 


Tested for binding and displacement in RIA 
Epidermal growth factor,| '**! |- 

150-200uCi/ug 

Lyophilized from sodium phosphate buffer (pH 7.4) 
NEX-160 10uCi 2x10uCi 50uCi 2x50uCi 


High fibronectin binding affinity 

Gelatin,| "l |- (porcine) 

5-10uCi/ug 

Lyophilized from sodium phosphate buffer (pH 7.4) 
NEX-156 100uCi SOOuCi 
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Latest Neuropeptides | '*°I| 


Adrenocorticotropic hormone, '** |- (human)(ACTH) 
>30uCi/ug 

Lyophilized from phosphate buffer (pH 3.5) containing 
a stabilizer and proteolytic enzyme inhibitor 

NEX-165 10uCi 2x10uCi 50puCi 2x50uCi 
Substance P (8-L-tyrosine),| '*°! |- 

>500uCi/ug 

Lyophilized from sodium carbonate (0H 9.9) containing 
bovine serum albumin 

NEX-152 10uCi 2x10uCi 50uCi 2x50uCi 


Bradykinin (8-tyrosine)-triacetate,| 8-!yrosy/-'*°! |- 


>500uCi/ u9 

Lyophilized from 0.075M ammonium acetate buffer 
(pH 5.0) 

NEX-097 10uCi 2x10uCi S5OuCi 2x50puCi 
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Not for use in humans or clinical diagnosis 


New England Nuclear 


549 Albany Street, Boston, Massachusetts 02118 
Call toll-free: 800-225-1572 Telex: 94-0996 
(In Massachusetts and International: 617-482-9595) 





In Europe: NEN Chemicals GmbH, D-6072 Dreieich, W. Germany 
Postfach 401240, Tel. (06103) 85034, Telex 4-17993 NEN D 

NEN Canada: 2453 46th Avenue, Lachine, Que. H8T 3C9 

Tel. 514-636-4971, Telex 05-821808 








ONE ENZYME 


FOR DNA AND RNA END LABELING PROTOCOLS 





pm 5/ [2P] - RNAP 


tRNAP"®? — — 


XC 





Figure 4. Purified 5’ [7P] 
-IRNA (0.4 ug; 1 x 10° DPMi/ug) 
was incuboted a second 
time in the presence (track B) 
or absence (track A) of 10 
units of BRL® T4 Polynucieo- 
tide Kinase for 30 minutes at 
37°C in reaction butter (25u!; 
50mM Tris HC! pH 9.0, 10mM 
MgC!l.,, 10 mM DTT, 1mM 
spermine). The incubation 
was terminated by the addi- 
tion of 25 ul of 10 M urea/2mM 
EDTA, 0.05% of xylene cyano! 
(XC), and brompheno! blue 
(BPB). After heating the mix- 
ture to 90°C for one minute 
and quenching on ice, an 
aliquot (10 ul) was analyzed 
ina 10% acrylamide gel but- 
fered with 100mM Tris-borate 
(pH 8.3), 8.3 M urea, and 
2mM EDTA. On completion of 
electrophoresis (at 50-60°C) 
the gel was exposed to X-ray 
film overnight at -20°C. 


tRNAP"® 
+ 


[yP] - ATP 
BRL® 14 —e Kinase 





Ea 
ADP 


T4 Polynucleotide Kinase from BRL is subjected to the most 
stringent quality control assays of any commercial supplier. 
BRL® 14 Polynucleotide Kinase is assayed for both: 

+ deoxyribonucleases, and 

e ribonucleases 


However, the most convincing evidence of BRL® 14 Poly- 
nucleotide Kinase quality comes from its daily successful per- 
formance in the DNA and RNA sequencing reactions carried 
out in the BRL laboratories. 


Indeed, RNA sequencing reactions demand the highest level 
of freedom from interfering ribonucleases. BRL® T4 Poly- 
nucleotide Kinase meets this level of quality, as shown in the 
following experiments: 


e BRL® T4 Polynucileotide Kinase caused no detectable 
degradation of 5'[°?P] -tRNAP® during a second 
extended incubation under non-exchange conditions 
(Figure 4). 


¢ Ribonuclease T1 (G specific) digestion of BRL® 14 Poly- 
nucleotide Kinase labeled tRNA®"® showed the 
sequencing ladder predicted from the literature’*. No 
secondary bands due to contaminating ribonucleases 
in either the T4 polynucleotide kinase or ribonuclease T4 
enzymes were detected. 


References: 
4. Rajbhandary, U. L. and Chang, S. H. (1968) J. Biol Chem. 243: 598. 
2. Wurst, R., Maxam, A.. and Vournakis, J. (4978) Biochem. 17: 4493. 


Product 
BRL® Tå 
Polynucleotide 8004SA 100 units each $ 55.00 
Kinase 8004SB 500 units each 210.00 


BRL No. Size 


Quantity Price 





Technical Questions: BRL welcomes all questions concern- 
ing the performance of BRL® 14 Polynucleotide Kinase. 
Please call the Technical Services Department at (800) 


— BRL 


Bethesda Research Laboratories, inc. 
Customer Service Department 
Toll Free: (800) 638-8992 
in Maryland: (304) 840-8000 
P.O. Box 577 Gaithersburg, MD 20760 Telephone: 06102/3206 
Telex: 908750 BRL GARG Telex: 417699 BRL NID 


For more information, circle No. 01 on the Reader Inquiry Card. 


BRL GmbH 
Offenbacher Strasse 113 
6078 Neu Isenburg 
West Germany 
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Figure 2. 5' °P ]-tRNAP™ (0.5 
ug; 2x105 DPMiug) in reac- 
tion buffer (Sul; 25 mM 
sodium citrate pH 5.0, 6.5 M 
ureo, 0.05% XC, and BPB) 
was digested with BRL* 

RNAse T1 (2 units—track A; 0 
units —track B) for 15 minutes 
at 55°C. The reaction mixture 
was then heated to 90°C for 
one minute, chilled on ice, 
and analyzed in a 10% 
acrylamide gel as des- 
cribed in Figure 1. Noted 
above ore cleavage posi- 
tions from the 5' end of 
tRNAPNe. 
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Protein 
synthesis 


in cell-free systems 


Amersham’'s products designed and tested for the faithful translation of your mRNA include 
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incubation time (mins) Radioactive concentration in incubation mixture (mCi/ml) 


Rabbit reticulocyte lysate N.90 Rabbit reticulocyte lysate, amino 
-simple and rapid protocol acid-depleted N.150 

-very low “no-message’ blanks —high incorporation of all amino acids, 
Up to 30 times more label incorporated especially those with large endogenous 
with added mRNA pool size in unfractionated lysate 


“Cold” amino acid mixtures 
-contain 19 of the 20 essential amino acids to save you time when preparing high specific 


activity proteins 


A useful and informative monograph on cell-free protein synthesis systems is available free 
on request. 


Amersham International Limited, Amersham, England Telephone 024 04-4444 
in the U.S.A. and Canada, Amersham Corporation, Illinois 60005 Telephone 312-364-7100 
and 800-323-9750 (Tollfree) 
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eHow Britain 
runs its Science 

eHow the US 

runs its Science 


These two new Nature 
walicharts are now 
available. 


The 2 x 3 ft. guides offer a 
comprehensive survey of the 
administration of science in 
Britain and the US, showing the 
interlocking relationship 

between science, engineering and 
medical establishments. 

Designed as fold-out sheets, the 
wallcharts can be carried easily to 
meetings or hung as posters for 
permanent reference. 

The new 1981 wallcharts are 
available at £3.50 or $7.95 each 
from Nature’s offices in London, 
Basingstoke and New York. 
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The Human Central 
Nervous System 
A Synopsis and Atlas 


2nd revised edition. 1981. 154 figures. VIII, 253 pages 
DM 56,-; approx. US $ 23.80; approx. £ 12.20 

ISBN 3-540-10316-3 

Distribution rights for Japan: Igaku Shoin, Ltd., Tokyo 


This book provides a comprehensive pictorial survey of the 
macroscopic and microscopic structure of the human central 
nervous system. The pictorial material encompasses 154 half- 
tone and line drawings, all of which are derived from original 
preparations. Considerable attention was devoted to the 
execution of these illustrations to ensure an optimal combi- 
nation of clarity and exactness. The various functional 
systems are not only depicted but also briefly described. 
Emphasis has been laid on recent advances. 

Designed primarily for students of medicine and psychology, 
this atlas will also prove useful as an aide mémoire for spe- 
cialists in the neurological sciences. 


From the reviews: “This book sets a new standard in the art 
of pictorial representation and professional precision in the 
field of neuroanatomy. The clarity of the drawings is unsur- 
passable. The choice of figures allows an optimal spatial idea 
of the various structures in the complicated apparatus of the 
central nervous system. The illustrations will soon prove 
indispensable in preclinical as well as clinical instruction.” 
Translation of a review in the “Deutsches Arzteblatt” 


Fundamentals of Sensory 
Physiology 
Editor: R F. Schmidt 


With contributions by numerous experts 

Translated from the German by M. A. Biederman-Thorson 
Springer Study Edition 

2nd corrected edition. 1981. 139 figures. XI, 286 pages 
DM 38,—; approx. US $ 16.20; approx. £ 8.30 

ISBN 3-540-10349-X 


1910/4/2h 


From the preface to the Ist edition: 

In the field of sensory physiology we are concerned with 
what our sense organs — and the associated central nervous 
structures — can do and how that performance is achieved. 
Research here is not limited to description of the physico- 
chemical reactions taking place is these structures; the condi- 
tions under which sensations and perceptions arise and the 
rules that govern them are also of fundamental interest. 


Springer-Verlag 
Berlin 
Heidelberg 
New York 
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The appointment last week of Professor Paolo Fasella as 
Director-General of Research, Science and Education in Brussels 
is a Surprising reminder that the European Community also has a 
stake in making policy on technical matters. Surprising? Because 
it is almost a decade since the Community did anything effective 
in this field (which does not mean that it has ever failed to keep the 
Joint Research Centre at Ispra in Italy supplied with funds). So 
why should the accession of Professor Fasella be taken as a sign 
that things may be different in the future? Because Fasella is an 
energetic man with a passion for building bridges between the 
universities and industry, because the community is coming to a 
point in its brief history — a mere quarter of a century — when an 
effective policy in regard to science and technology would be 
feasible and | also | because! if Fasella, like his predecessors in 
Brussels, gets nowhere, that will be a sure sign that the community 
should give up the struggle, leaving policy in the field to member 
governments. 

There are also two chief underlying difficulties, the most 
serious of which is constitutional. The European Commission is 
neither a government nor an independent agency, but a kind of 
judicial body empowered to implement the Treaty of Rome 
(which means that it can be tough about trade protection) but 
otherwise given a licence to function only when no substantial 
member government dissents. Since the treaty has nothing 
specific to say about science and technology (even though quite a 
lot about nuclear energy, a hangover from the Euratom Treaty), 
successful initiatives require the support of member governments. 
This is why, more than a decade ago, M. Pierre Aigrain’s 
ambitious schemes for the creation of a European computer and 
communications industry came to nothing; most governments 
were opposed to change. 

The other difficulty that Professor Fasella will run up against in 
Brussels is that the European Commission, although widely 
reviled as a gigantic bureaucracy, lacks many of the rudimentary 
facilities governments have at their disposal. People may be well- 
paid by national standards, but there are only handfuls of them, 
not often distinguished intellectually or as administrators. 
Advisory groups, expected to reflect a kind of national balance, 
are too impermanent to be of substantial help to those in charge of 
policy. And, in the competitive hothouse of Brussels, directors- 
general have an incentive to strike out in adventurous, even noisy, 
directions rather than to ensure that the Community’s 
administration of science and technology is conducted sensibly. 
Professor Fasella will be well advised if, for a time at least, he can 
stay out of that rat-race. 

But what else is there to do in Brussels? Unenviably, the 
Community has acquired in the past decade or more a reputation 
for naivety in technical affairs that would cause even the smallest 
local authorities to hang their heads. In devising policies for 
regulating pollution, the manufacture of toxic chemicals or even 
the allocation of fishing rights in Community waters, the 
commission has often behaved like a bunch of lawyers seeking to 
ensure that everything will be for the best in some unreal world. 
The most urgent task, for Professor Fasella, is somehow to ensure 
that the commission’s routine regulatory work, its bread and 
butter, is technically competent. That is far from easy — the 
directorates at Brussels are notoriously balkanized. Directors- 
general seem mostly to be bound by the convention that they 
should not seek to influence each other’s affairs. Professor 
<: Fasella should avoid that trap. 
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What European policy on science? 


He should also avoid the trap of the spectacular initiative — 
some great plan for the reinvigoration of Evropean metal 
forming technology, submarine cargo transport or even airship 
technology. Such schemes have foundered in the past, and will 
continue to founder, on the jealous self-interest of membe 
governments, to whom collaborative projects are attractive only 
when they are sure of being able to recover at least as much money 
(by way of contracts for their own nationals) as they contribute, 
(The European thermonuclear project JET is an exception only 
because its possible application lies some way ahead.) In the long o 
run, the only stable solution is that governments should agreethat 
contracts for public purchases should be made competitively. (At __ 
present, the Treaty of Rome excepts governments from the rules 
of competition that apply to private companies and individuals.) 
It would be asking a lot that a mere director-general of research, —__ 
science and education should solve that problem single-handed. 
Professor Fasella should, however, keep it in mind. ee 

For the rest, Professor Fasella’s most constructive work will 
seem quite humdrum. He, and the Community, must take an 
interest in the wellbeing of the scientific community. The 
encouraging signs, in the 1960s, of a growing sense of integration —__ 
within European science faltered in the 1970s, as national govern. 
ments ran out of the funds with which to pay for ad hoc schemes 
There is now a danger that collaboration between European 
scientists will be further restricted. The Community has an 
interest to ensure that this does not happen, and the commission 
has a duty in the same direction. Quite modest funds would help. 
But instead of working through cumbersome ad hoc instruments 
(or even the apparently useless committee called GERD), the 
commission should work directly with national research councils, 
perhaps in the form of the European Science Foundation, 
Professor Fasella should cut his teeth on modest tasks like that. 


Off with their heads! 


President Reagan did not, as is now widely supposed, abolish 
the Departments of Energy and of Education in his television - 
broadcast two weeks ago. Instead, he said that he proposed that ae 
they should be abolished. What will now happen is that the White 
House will prepare plans for deciding how the statutory obilie 
gations of the two departments should be transferred elsewhere 
(or perhaps even liquidated). Congress will then say whether it 
approves the plan — and in the process there will no doubt beati 
unholy fight about the propriety of what is proposed: the « 
Department of Education was, after all, one of President Carter's _ 
concessions to liberal opinion. Then, two or three years from _ 
now, the two departments may go out of business. President 
Reagan thus reaped the benefit of practising what he was 
preaching last November — the benefit of small government — _ 
but neither department has disappeared yet. . 

It is not even clear what plans the White House will be putting. 
forward. The Department of Energy, which did not exist eight 
years ago, will not be unscrambled easily. For the department has 
been saddled with responsibility for the torrent of legislation on 
energy matters that Congress has been passing in the past few — 
years including the Energy Act of 1977 which, inter alia, solemnly 
declares that ‘‘this Congress considers that the bicycle is the most 
economical form of transport’’. The department superintends the 
regulation (or deregulation) of prices for oil and natural. gas, 
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receives applications from private individuals wishing to build 


sufficiency, tells oil refineries how to operate, stockpiles strategic 
oil reserves and, partly as the residual legatee of the operational 
part of the old Atomic Energy Commission but also because of 
the wish-fulfillment of successive congresses and presidents, 
administers a research budget cf $2,000 million. The danger is 


- that in unscrambling this omelette, the White House will sacrifice 
= on ideological grounds those parts of the department’s work that 


¿> cannot be moved about like the pieces in a board game. 
> The research budget is the most vulnerable. Most of the 
- administrative functions specified by legislation could probably 
be transferred, without ambiguity, to the Departments of 
Commerce or of the Interior in such a way that nobody would 
> ¿know six months later that there had been a change. The 
~o: department’s research will need gentler handling, even though the 
case for dismemberment is stronger. For it has always been 
~ anomalous, the result of an historical accident, that first the 
- Atomic Energy Commission and now the Department of Energy 
should be responsible for essentially academic research in high- 


~- energy physics. The natural home for this function is the National 
Science Foundation; for is not high-energy physics part of basic 


research? This proposal will not be welcome to the high-energy 
physics community, by now well used to the department’s 
avuncular ways. But they are likely to be safer with the foundation 
than with the other agencies to which they might be shuttled. For 
them, there is either the frying-pan or the fire. 

The other components of the department’s research budget are 
in for a rougher ride. Already the Administration has made it 
plain that the ambitious Carter plan for research and 
development (by publicly supported demonstration) in solar 
energy will be drastically cut back, on the grounds that those parts 
of programmes likely to yield short-term benefits should be able 
to stand on their own feet. Basic research in, say, photovoltaic 
processes is unlikely to grind to a halt — the service departments 
will probably take up the slack. But environmentalists will be up 
in arms. With this precedent for solar energy, however, the White 
House planners will have an awkward decision to make on nuclear 
energy. It will be easy to suggest that the weapons laboratories at 
Los Alamos and Livermore should go to the Department of 
Defense, but should there be public support of any kind for a 
technology as well advanced as the civil application of nuclear 


< energy? Both the ideologues of small government and the 


environmentalists will make hay of that. 

The difficulties the Administration will encounter on such 
matters are self-inflicted. On solar energy, the Administration 
would have been on sure ground if it had said, earlier in the year, 

that Mr Carter’s legacy of solar energy research was too 
< ambitious, too unrealistic and too costly, and that substantial 
trimming would be necessary. Instead, the Administration seems 
to have put its tongue in its cheek (and hoped to head off a fight 


= with Congress as a result) by saying that the time has come when 


-industry should take up the slack. This is disingenuous. Even if 
the assumption were true, there would be a case for continued 
government investment in the basic research and technology of, 
say, direct electricity generation from sunlight. The same is true of 






ee the civil nuclear programme. Does the United States want to be 


-stuck for years to come with those systems that manufacturers are 


able now to offer? Paradoxically, and inconsistently, the 
> Administration seems to have accepted this argument for the 


programme for converting coal into synthetic fuels, and has 
agreed that its demonstration programme should continue. 
The moral, for the disbandment of the Department of Energy, 


= is that the Administration should be careful that it picks up the 
essential pieces if and when the department is closed. The 
~~ proposals to disband the Department of Education will be more 
= contentious but will raise fewer substantial issues. Given the 


principle that education at all levels is the responsibility of private 
institutions, it is outwardly consistent that the federal government 
should withdraw. But is it proper that the Administration should 
now pretend to wash its hands of responsibility for education? 
And does it intend, in the process, to transfer responsibility for 
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their own hydroelectric plants, monitors progress towards energy 
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the truncated programme of student loans to the private banking 
sector? Will it give up the fight on engineering education, now 
hamstrung by the competition from industry for potential 
academics? In the old days of the Department of Health, 
Education and Welfare, such issues could be followed up 
provided there was a strong man in charge of the Office of 
Education. Now there is no natural home for such an agency. The 
Administration may find it necessary to invent one. 


Monuments for whom? 


The Department of the Environment is weil on the way to 
making a muddle of its policy on British ancient monuments and 
on Stonehenge in particular. Quite properly, the department is 
anxious that the monuments should not deteriorate still further as 
a consequence of their popularity with summer tourists. For if the 
mountain paths in highland Britain are in danger of being eroded 
by the hobnailed boots of those who must now in the summer 
holidays queue for a place in the line of those clambering up the 
popular spots, the threat to more accessible places such as 
Stonehenge is evidently great. The trouble is that the 
department’s policy appears to be based on the assumption that 
all visitors to these places are potentially vandals. The result is that 
even access by archaeologists to the monument at Stonehenge is 
being controlled as rigorously as if these learned people were 
likely to paint their names with spray-cans on the standing stones 
once the custodians’ backs were turned. Briefly, parties of 
archaeologists must apply in advance to the Department usually 
allowed to visit it for an hour in the early morning on Tuesdays 
only, before the public is admitted to the site at 9 a.m. (but all day 
during the winter). 

By any standards, this policy smacks too much of bumbledom. 
The chances that serious academic people will be able to carry out 
serious work during such brief intervals are negligible. The 
department may fear that members of the public (who are now 
kept some distance from the site by a ring fence) might be 
maddened beyond restraint by the sight of academics given closer 
access and even the opportunity to turn a spade, but that is a poor 
excuse. So too is the ready calculation that more access by 
archaeologists would mean a larger wages bill to cover the cost of 
supervision that is not, in all the circumstances, strictly necessary. 
For serious archaeologists, the present restrictions are all the more 
galling because of the department’s apparently willing agreement 
that members of the whimsical order of druids should be allowed 
each summer solstice to conduct a ceremony on the site in a 
laughable attempt to perpetuate the ceremonies supposed to have 
been enacted at Stonehenge some years ago. And while nobody 
disputes that the site at Stonehenge must somehow be protected, 
few hearts leap up at the sight of the car park, the public lavatories 
and the money-making snack bar with which the department has 
graced the sight —- admittedly below eye-level. 

In the circumstances, the most urgent need is for a coherent 
policy by means of which the archaeological and public interests 
in important sites can cheerfully coexist. The department does 
indeed support a Commission on Ancient Monuments, to which 
advisory committees of archaeologists are entitled to make their 
case. What seems most of all to be lacking is imagination. There 
can be few circumstances in which members of the general public 
would not be enlivened to know what steps are being taken to 
make plain the significance of these important sites. And even at 
places such as Stonehenge, there is no reason why investigations 
should not continue throughout the day (and even night). But an 
accommodation between the professionals and the public would 
be most easily arranged if some of the modern structures on the 
site, the work of the department and not the original builders of 
the monument, were given over to a small museum that would 
describe what is known of Stonehenge and what is being done to 
deepen this understanding. As things are, the most evocative 
monument in Britain could become just a picnic place on one of the 
ancient routes across Salisbury Plain. That is a shabby fate for the 
first of all publicly supported research establishments. 
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Conflict of interest on California campus 


Davis scientist 
steps away 
from grant 


Washington 

In a move that again reflects tensions 
between academic and commercial 
interests in biotechnology, a prominent 
plant geneticist at the University of Cali- 
fornia’s Davis campus has agreed to step 
down from a multi-million dollar 
sponsored research contract financed by a 
large fertilizer company because of a 
potential conflict of interest with a private 
research company in which both he and the 
fertilizer manufacturer are also involved. 

Dr Ray Valentine, internationally 
known for his research on the isolation of 
the nif genes present in plant-colonizing 
bacteria and responsible for the nitrogen- 
fixing properties of some plants, has also 
offered to resign from the university’s 
Agricultural Experiment Station, where 
the sponsored research would be carried 
out. Although remaining on the faculty, 
where he is professor of plant biology, such 
a move would increase his responsibility 
for undergraduate and postgraduate 
teaching and reduce his involvement with 
university research programmes. 

Dr Valentine’s offer to restrict his 
university-based research follows concerns 
raised by Dr Charles Hess, dean of the 
university’s College of Agricultural and 
Environmental Sciences, over the impli- 
cations of a five-year, $2.3 million research 
contract signed in July with Allied 
Chemical Corporation , for which Dr 
Valentine was to have been a principal 
investigator. The research under this 
contract would explore ways in which the 
bacterial genes discovered by Dr Valentine 
might be transferred to other plants to 
enable such plants fix their own nitrogen. 

A few days after the deal with Allied 
Chemical Corporation was signed, the 
company announced that it had agreed to 
purchase a 20 per cent equity interest, at a 
cost of $2 million, in a Davis-based 
company called Calgene which Dr 
Valentine had helped to set up and of which 
he is a vice-president. 

On learning this news, Dr Hess told Dr 
Valentine that, as a result of concern 
among faculty members about potential 
conflicts of interest he would either have to 
withdraw from his involvement in the 
Allied Chemical grant to the university, or 
from Calgene. Dean Hess also announced 
that he was holding up the company’s grant 
until an acceptable arrangement had been 
made. 

Dean Hess has suggested two possible 
Statements of principle which the faculty 
might use as a framework for establishing 
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outside contracts. One would be that 
individuals with appointments in the Agri- 
cultural Experiment Station ‘‘shall not 
accept gifts, grants or research contracts 
with private firms in which they have an 
equity interest or serve as a consultant” — 
a condition that would have applied to Dr 
Valentine’s case. Dean Hess has also 
suggested that such individuals ‘‘shall not 
have an equity interest in private firms 
whose research programs are the same as 
the individual’s Experiment Station 
research programme’’. 

Emphasizing his complete confidence in 
the integrity of Dr Valentine, Dean Hess 
said that as the college and experimental 
station were funded primarily from public 
sources there was also concern about 
‘“‘whether these apparent conflicts of 
interest might jeopardize the support that 
we get from tax funds if people began to 
feel that the return from the research was 
being realized by private investors”. 

Calgene officials for their part have 


denied that there would necessarily be a 
conflict of interest. Although major 
funding has been received from Allied 
Chemical, they insist that their main 
research interest will be on how to improve 
the efficiency of fertilizers, rather than 
looking at plants themselves, as researchers 
at the experiment station will be doing. 
Faculty members at Davis will meet next 
month to discuss Dean Hess’s proposals. 
Meanwhile Dr Valentine’s future relation- 
ship with the university remains uncertain. 
Dean Hess says that he intends to 
“‘discuss’’ Dr Valentine’s offer to resign 
from the experiment station completely 
rather than just withdraw from the Allied 
Chemical project. The university is keen to 
avoid any public criticism about conflicts 
of interest. At the same time, it is reluctant 
to put off potential corporate sponsors of 
its research which are becoming an 
increasingly important source of funding 
as federal and state financing for research 
begins to contract. David Dickson 


Technology assessment wins new friends 


Washington 

Two years off its tenth birthday, the 
United States Congress’s Office of Tech- 
nology Assessment (OTA) at last seems to 
be coming of age. By adopting a more 
pragmatic outlook OTA has generated a 
political and scientific credibility that 
makes its prospects more secure than ever 
before. 

The change has its critics. ‘OTA is 
turning out good craft pieces that serve the 
interests of clients, but there is still a latent 
demand for something which is more 
policy- and futures-rich’’ says Dr Joseph 
Coates, who was among the original staff 
members and recently left to establish his 
own consultancy firm. 

But evidence of the new-found stability, 
which broadly coincides with the reign of 
OTA’s present director, Dr John Gibbons, 
previously head of the Energy, Environ- 
ment and Resources Center at the Univer- 
sity of Tennessee, was shown last week by 
the willingness of a Republican-dominated 
Senate, in a time of reduced federal 
spending, to increase the OTA’s budget by 
7.5 per cent next year to $12 million. Even 
though this will barely allow OTA to keep 
up with inflation, it compares with the 
budget to which the office has been held 
between 1980 and 1981. 

When OTA was established by Congress 
in 1972, finally coming into being in 
November 1973, many saw it — with some 
justification — as a vehicle through which 
Democrat legislators hoped to challenge 
the scientific and technical decisions of the 
Nixon Administration following the 
demise of the Office of Science and Tech- 
nology and the President’s Science 
Advisory Committee. 

OTA’s new-found friends, however, 


include conservative Republicans such as 
Senator Paul Laxalt of Nevada. Senator 
Laxalt is said to have been impressed by a 
recent study carried out by OTA compar- 
ing different basing modes for the MX 
missile which point out the advantages and 
drawbacks of each without endorsing a 





Dr John Gibbons — forging links 
particular design, issues directly pertinent 
to the debate about placing the missiles in 
his home state. 

The importance of such friends emerged 
two weeks ago, when they helped to head 
off an attempt by Senator Mack Mattingly, 
chairman of the Senate appropriations 
subcommittee responsible for legislative 
affairs, to kill future funding for the OTA 
on the grounds that its studies duplicate the 
work of other bodies such as the Con- 
gressional Research Service. 

It was a charge that was strongly denied 
by Dr Gibbons in hearings on the OTA 
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the cases quoted by Mr Mattingly - “= 





hesame work for different agencies — 
re several years old, and that with a 
| hter management structure and more 
-narrowly defined missions, OTA was now 
| “beginning to demonstrate unique value to 
Congress. 

=>> Much to OTA’s relief, Senator 
"Mattingly did not take his case to the floor 
of the Senate, and OTA’s 1982 budget is 


~~ now secure. ‘‘I presume it did not come up 


-because a lot of people on both sides of the 
aisle have come to see OTA as a useful and 
aim said Dr 
= Gibbons last week. 

Much of the recent work, both long-term 
cand short-term, has impressed OTA’s con- 


 gressional clients. ‘‘Some of their stuff is 


_ really excellent, particularly in the energy 
- field’’ says one staff member of the House 
Science and Technology Committee. A 
recent report, Jmpacts of Applied 
Genetics, an analysis of the economic and 
commercial implications of genetic 
~ engineering applied to microorganisms, 
plants and animals, has been widely praised 
-and recently reached the ‘‘top ten list’ of 
government publications. 
_ ©» One secret of OTA’s survival seems to be 
<- its greater awareness of the limits within 
which it can safely operate. The genetic 
engineering study, for example, avoided all 
= discussion of the human apllications as 
“beyond its scope”, and the MX study, 
while studying the ‘‘socio-economic’”’ 
-implications of the weapons’ deployment, 


-= did not discuss political factors such as the 


< full implications of local resistance. Dr 
Gibbons explains this pragmatically. “‘Our 


job. is to narrow the issues that must be 


fought out rather than to tell the politicians 
what they should do’’, he says. He talks of 
breaking problems down into “‘bite-size”’ 
pieces, referring, for example, to recent 
OTA studies on energy utilization and 
= demand. 

=c Dr Gibbons is currently trying to forge 
> “closer links with the National Academy of 
_.-Seiences, as well as discussing ways of 
-= complementing the policy orientations of 


the Office of Science and Technology 
Policy. 


Drawing technology assessment 
more closely into the traditional nexus of 


_ political decision-making may have dis- 
= enchanted some of its earlier enthusiasts. 





© But. it has proved to be a formula for 
oe political survival. David Dickson 


<- Islamic science 


Radicals agree 


Islam and a handful of radical Western 
<- scientists came together in a royal palace 
= {fast week, leading to what one Islamic 
_ scholar called a ‘‘breakthrough in Islamic 
_. $tudies’’. 

The objective of the meeting was to 
develop a critique of the role of science and 
technology in society as seen from an 


0028-0836/81 /410418-02$01 .00 


iget pn this year. . He pone out A i mic 


xample of consulting firms c carrying 


l spective and using Islami 
This is not a matter of counting 
Islamic angels on a needle point, but an 
issue central to the 42-nation Muslim world 
seeking both to absorb the fruits of science 
and technology without too much social 
disturbance, and to rally behind the flag 
and philosophy of Islam. The study was the 
first in a series of science in Islam and the 
West being organized by the International 
Federation of Institutes for Advanced 
Study (IFIAS), set up by the Nobel 
Foundation to consider issues of academic 
weight and world importance. King Gustav 
of Sweden has given the federation a palace 
as headquarters and conference centre. 
Inspiration for the conference came 
from Ziauddin Sardar, a young Londoner 
born of Pakistani parents (and one-time 
correspondent of Nature) who has a 
passion for Islam and the issues of 
development in the Muslim world. He 
appears to have achieved a rapprochement 
between Westerners and the senior and 
devout Muslim scientists at the meeting. 
Initially the meeting seemed likely to 
founder on the rock of the Muslim 
insistence on the purity of any search for 
knowledge. Islam directs the faithful to 
seek knowledge of the natural world, and 
inspiration in it: the world is the work of 
God. This concept, while appealing to 
Western scientific egos, seemed incomplete 
to the radicals — to whom some kinds of 
scientific knowledge were like a “‘second 
bite of the apple’’. This was heresy to the 
Muslims. 









Distinctive development 
The delicacy of politics in the Muslim 
world helps to explain why it has taken 
three years to install the director-general 
of the Islamic Foundation for Science, 
Technology and Development, Dr Ali 
Kettani, in the Jeddah headquarters. 

Kettani has to deal with 42 diverse 
Muslim nations embracing Africa, the 
OPEC states and the Far East — each 
with its own internal political problems, 
its own approach to Islam and its own 
goal in ‘‘development’’. Kettani’s goal is 
to forge an Islamic brotherhood of 
scientists and technologists, who would 
turn to each other, rather than to the 
West, to sclve problems. | 

The foundation has been promised an 
initial $50 million for 2-3 years 
recommended by the Organization of the 
Islamic Conference (of which $15 million 
has already been paid by Saudi Arabia). 
There is to be a staff of some 30-40 and a 
charter which requires the foundation 
“to ensure that all member countries 

., both individually and collectively, 
make the greatest possible use of science 
and technology (including the social 
sciences) in the formulation and imple- 
mentation of their socio-economic plans, 
keeping i in mind the need to consolidate 
the unique Islamic personality and 
character”. 
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The Westerners would also not allow a 
firm distinction between the search for 
knowledge and its use, which would have 
solved the dilemma. The idea was 
simplistic, they said: half the world’s 
science is attributable to defence and 
industrial research budgets, even if that 
science is, in its minutiae, ‘‘fundamental’’. 

The solution came from Dr Ali Kettani, 
recently appointed director of the Islamic 
Foundation for Science, Technology and 
Development (see box). In Islam, both the 
ends and means of an individual’s actions 
must be “hallal” (allowed), so knowledge 
sought within a context of ‘‘harram’”’ 
(forbidden) use would also be forbidden. 

The social context and consequences of 
science could also be considered within 
Islam, the meeting judged, using precisely 
defined Quranic concepts such as ‘‘ad]”’ 
(equity), ‘‘zulm’’ (oppression), “‘muslah’”’ 
(public interest) and ‘‘dyah’’ (waste). 

A measure of the success of the meeting 
was that the participants tore up their 
papers, prepared before the conference, 
and which were to have been the basis of a 
book, promising to rewrite them in the light 
of what they had learned. Subsequent 
meetings in the seminar series will turn to 
more practical technical issues, such as 
energy and environment (to be held in 
Riyadh), habitation, agriculture, health, 
and industry and mass production. 

Robert Walgate 


London science centre 


No cash ahead 


The new London Science Centre is 
appealing for money to keep going for a 
second year. The centre was established 
last April by the Foundation for Science 
and Technology with about £50,000 of 
donations from learned societies and 
industry. It is now looking for a further 
£200,000 to tide it over until it becomes 
self-financing. 

The centre’s aim is to provide facilities 
for small learned societies whose existence 
is threatened by the high cost of central 
London. So far, interest has been modest. 
Only twenty-six societies have joined, and 
are entitled to pay less than the going rate 
for assistance with their day-to-day 
administration. The main facilities on offer 
are two small conference rooms and five 
offices, together with secretarial 
assistance, at the centre’s rented head- 
quarters in the Royal Society of Arts. 

The centre’s preoccupation during its 
first six months has been to take over the 
role of liason among learned societies from 
the Royal Society. But plans for the future 
are more ambitious. The idea is that the 
centre will not only offer facilities such as 
word-processing and computerized mem- 
bership lists, but will become a focus for 
interdisciplinary communication. 

Even so, its centre is the residue of a far 
more ambitious scheme to emulate the 
Clunies Ross Memorial Foundation set up 
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Australia in 1963. With the backing of 
“government and industry, that was meant 
to provide Australia with a prestigious 
scientific meeting place. Its success 
prompted the Commonwealth Foundation 
to sponsor similar centres in twelve other 
capitals. But the attempt to set one up in 
Britain failed, largely because of the 
existence of well-established learned 
societies. 

The idea was nevertheless kept alive by a 
group of senior scientists and admini- 
Strators, including the president of the 
Royal Society and the chairmen of the 


science and medical research councils, con- 


cerned to help. small specialist learned 
societies out of financial difficulties. In 
1977, the group set up the Foundation for 
Science and Technology with the remit of 


ane funds toset üp small science centres 






don Science Centre is the first. 
The oundation is now in the throes of 
appointing | | permanent director to take 
over from its interim director John 
Chadwick, previously director of the 
Commonwealth Foundation. But the more 
immediate problem is to raise enough 
money to ensure the centre’s existence 
beyond next March. Judy Redfearn 


World wildlife fund 


Bank on conservation 


This year the World Wildlife Fund 
(WWF) is celebrating its twentieth 
anniversary, and something of a revolution 
in its policy and strategies. While its aim is 
still the preservation of the world’s 
endangered flora and fauna, the old 
incompatibility with the demands of 
development in the Third World has been 
resolved. The World Conservation 
strategy, now in circulation for 18 months, 
shows that there can be no conservation 
without ecologically and environmentally 
sound development policies. 

How far this conviction has gained 
ground within the policies of the European 
Community was brought to light in a 
seminar held in Brussels last week, between 
the European Commission and inter- 
national conservation organizations. 
Although the renegotiated treaty between 
the European Economic Community and 
the sixty-one African, Caribbean and 
Pacific (ACP) countries (Lomé I), which 
are largely old European colonies, now 
includes a reference to the need for 
environmental considerations in develop- 
ment projects, the reality in the field belies 
this exhortation. 

The recently completed report by the 
International Institute for Environment 
and Development (IIED) on ‘‘the 
European development fund and environ- 
ment’ reveals in case studies undertaken in 
Jamaica, Guyana, Burundi and Mali the 
poor degree of environmental impact 
planning. Failure to consider environ- 
mental factors in the planning of develop- 
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ment projects me led to the faire: of 


projects, and produces projects which 
themselves cause environmental damage 
and the loss of valuable resources. 
Although national governments have 
paid lip-service to the development 
strategies outlined in the Brandt report and 
the World Conservation Strategy, the HED 
report suggest that the government 
agencies responsible for aid management 
have yet to take them seriously. ; 
Speakers at the seminar in Brussels 
claimed that European Community 
member states themselves do not pursue 
economic policies based on the sustainable 
use resources, and that the Common 
Agricultural Policy is an instrument for 
environmental damage not only at home 
but abroad too. Developing countries are 
being encouraged to misuse their resources 
to support irrational pattern of agricultural 
production and consumption in Europe. 
European Commissioner for environ- 
mental affairs, Karl-Heinz Narjes, agreed 
with the need for agricultural and develop- 
ment policies in line with the principles of 
the World Conservation Strategy. But he 
pointed out that the Commission and 
European Parliament were still wrestling 
with the member states even to win the 
modest finance needed for an 
environmental fund from the EEC budget. 
The prospects for finding the money to 
expand the work of the commission to 
include environmental planning were poor. 
The need for agricultural research to 
devote more time to developing agri- 
cultural techniques which are also ecolo- 
gically sound was also discussed at the 
seminar. A 110-page study just released by 
the World Bank calls on developing 
countries to step up their investment in 
agricultural research from an average of 
0.31 per cent of agricultural gross domestic 
product (1975) to 2 per cent. The number 
of research scientists, says the bank, will 
need to increase by 9,000 by the year 1984. 
Such an ambitious programme would 


establish a solid base in research and would | 


be an important step in helping to meet the 
food needs of developing countries. 

The World Bank itself plans to expand 
its lending for agricultural research from 
$350 million in fiscal year 1981 to approxi- 
mately $550 million in 1984. The lending 
for research and extension in 1984 will be 13 
per cent of the $4,600 million the bank 
lends for agricultural and rural 
development — up from 9 per cent in 1980. 

Jasper Becker 


Science parks 


Plans forged 


A few British universities are planning to 
set up science parks on the pattern of 
Research Triangle in North Carolina; the 
example of route 128 around Boston is less 
attainable. Although plans for the parks 
began before the latest crisis, universities 
hope that the parks will earn them at least 





some extra income. 
Local authorities, especially ina 
high unemployment, are ent 
seeing the parks as a means of at 
new high technology industries and 
jobs. Some of the latest scheme 
from the two existing parks- 
British universities — a research 
opment park at Heriot-Watt and a 
park at Cambridge — chiefly by: 
they have won from local goverr 
So far, the most advanced sch 
announced last week by the cow 
City of Birmingham, the second la 
in Britain. The city plans to spen 
million on a science and technolog 
velopment centre attached to 
University of Aston in Birmingham 
those whose budgets were sharply re 
by the University Grants Committee 
university has since been looking 
industry for moral if not financial suppo 
The city money will pay” tor. the 
refurbishment of a 3.5-acre inner. city si 
next to the university to provide units for 
small manufacturing firms or research and 
development laboratories. More land is to 
be made available when companies need to 
expand. The city hopes that new, small 
companies as well as established multi- 
nationals will be attracted to the siti ‘ 
helping the university by paying for theu use 
of facilities and expertise. 
The hope is that academics will take i on 
more consultancies and will even be 
encouraged to set up their own small firms, 
although the arrangements whereby they 
can spend up to one day a week working for 
industry will not be changed. Secondment 
for those involved in establishing firms, 
however, will be looked on. favourably 
according to Professor Frederick Crawfor 
vice-chancellor of the university, x 
The initiative for the Aston park cam 
from the city council, hitherto persuade 
that neither of its two peaos A 







orating effectively. However, : i a 
ment of f Professor r Crawford 










city in pa poe 
England, is planning a similar | : 
ation with its local university. 
penalized by the grants e 
council spent £250,060 fe 
lishing a pilot science pa lars e one to 7 
house four small technological companies. — 
It has sold land in the Salford enterp j 
zone (where companies are exempt from 
rates and planning permission) to a com: 
mercial company which will open a larg 
science park next month. The new park w 
have close links with Salford University 
Industrial Centre Limited, a commercial 
company set up by the university 12 yea 
ago to forge links with industry and one 
which the local council has just. spent 
£350,000. It is hoped that new business 
from the science park will boost the uni- 
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-versity’s income through profits accruing 


to the industrial centre. 

The University College of Swansea in 
Wales is also hoping to set up a science park 
with local government support next year. It 
has won the council’s support to develop a 
20-acre site inside a public recreation area 
adjoining the university campus. 

Similar schemes at the universities of 
Bristol and Southampton, however, have 
done less well. The University of Bristol has 
apparently abandoned its plan for a science 
park for lack of capital and demand from 
local industry. And the University of 
Southampton’s project is held up after a 
refusal of planning permission. 

Judy Redfearn 


British academic business 
NRDC prizes 


The National Research Development 
Corporation, now united with the National 
Enterprise Board in the British Technology 
Group, hopes to develop the business sense 
of British academics by awarding five 
prizes worth £20,000 each for promising 
schemes to exploit research results. The 
prizes will be awarded on a regional basis, 
the overall winner receiving an extra 
£30,000. The corporation is also promising 
to consider favourably investing up to 
£250,000 in each of the winning proposals. 

The aim is to encourage more academics 
to set up companies to exploit their in- 
ventions. According to the corporation, 
many academics have expressed an interest 
in doing this, although the more usual way 
of exploiting research results is for the cor- 


_ poration to take out patents which it then 


tries to license to industry. Some academics 
have severely criticized that method, claim- 
ing that the corporation is too slow and 
cautious. The new development suggests 
that the corporation is prepared to call the 
academics’ bluff. 

The corporation has always said that 
it lacks sufficient good ideas from 
academics. Nevertheless, to win a prize, 
academics will still have to convince the 


-= corporation of the commercial potential of 


their plans. Applications for the awards are 
invited by the end of February 1982 from 
people who have held postdoctoral or post- 
graduate studentships or a staff post in an 
academic institution since January 1979 
and who have since either set up or are in 
the process of setting up a company to 
exploit an invention. 

Applications should include a business 
plan giving a full description of the product 
to be manufactured and a marketing 
strategy. Entrants will be assessed on the 
probability of success of the business, the 
technical merits of the product (which must 
be based on novel technology) and the 
quality of the business plan. 

The corporation is undecided about 
whether to make the awards in subsequent 
years, preferring first to assess the quality 
of next year’s applications. Judy Redfearn 
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Swedish universities 
More means fewer 


Stockholm 

Swedish universities are to press the 
government for an increase in the allo- 
cation of students by 10-15 per cent over 
the next two to three years, to cope with a 
population bulge among 16-18 year olds — 
but they believe they can handle the bulge 
with only a l per cent real increase in 
budget if staff or salaries are cut. These are 
the current proposals of the Universities och 
Hogskoleämbetet (UHÄ), the national 
board of universities and colleges which 
negotiates with the Swedish government. 

The proposals are radical in Swedish 
terms because university grants have been 
falling by 2 per cent a year for the past three 
years. Research councils (whose funds, as 
in most countries, are accounted for 
separately) have asked for a 4-5 per cent 
rise, but this is comparable with recent 
increases (3—4 per cent a year for the past 
two years) and is in line with a two-year-old 
commitment by the minister of education 
to increase science spending by Sw.Kr.70 
million (£7 million) per year for three years. 
Total Swedish research and development 
spending is relatively low among Western 
countries, by comparison with gross 
domestic product, and most political 
parties in Sweden support an increase in 
government research spending. 

The big target for savings, however, may 
be the university lecturers themselves. Staff 
costs account for 80 per cent of the UHA 
budget, and it will be possible to accommo- 
date an increasing number of students 
within a nearly constant budget only by 
making savings on salaries. UHA has “‘no 
policy yet’’ on whether the cuts will come 
through redundancies, reduced replace- 
ment of retiring staff or pay cuts. Parlia- 
ment must take a decision on the budget in 
January. Robert Walgate 


Tropical medicine 


Out in the cold 


The two 
education 


principal British centres of 
in tropical medicine, in 
Liverpool and London, last week 
published a mild but reasoned protest at 
the damage done by government policy. 
The two institutions hope to persuade the 
British government to relax its policy on 
overseas students’ fees on the grounds that 
if overseas aid as a whole is to be reduced by 
15 per cent over the next two years, the 
government might logically spend more on 
training in tropical medicine. 

The argument by the two schools, the 
London School of Hygiene and Tropical 
Medicine and the Liverpool School of 
Tropical Medicine, appears discreetly as a 
supplement to Transactions of the Royal 
Society of Tropical Medicine under the title 
‘The present state of tropical medicine in 
the United Kingdom”. Both the London 
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and Liverpool schools have been hit hard 
by the increases in fees paid by overseas 
students, which were increased by govern- 
ment decree in the academic year beginning 
October 1980. Fees now amount to about 
£5,000 a year for courses involving clinical 
instruction, compared with £1,230 in 
earlier years. Although both schools main- 
tained the numbers of students from over- 
seas in the first year of the new regime — at 
the London school over 70 per cent of full- 
time students came from abroad — they are 
anxious about the effects in the second 
(and present) academic year, and in any 
case, they argue, the increased fees do not 
fully compensate for reduced support from 
the University Grants Committee. 


The Liverpool School of 
Tropical Medicine, with 
support from the 
Wellcome Foundation, 
produces this 22-page 4 
booklet for general 


practitioners. The value 

of having such expertise 

in this country is one of 

the main planks of the 
case for the London and: * 
Liverpool schools. 


The London school has also suffered 
from the way in which the Court of the 
University of London has distributed its 
grant from public funds. In 1979-80, its 
income of £2.78 million was made up of a 
44 per cent subvention from the University 
Grants Committee (paid through the 
University of London), 40 per cent from 
research grants, 6 per cent from students’ 
fees and a similar amount from payments 
for ‘‘services rendered’’. 

The contributors to the society’s report, 
including the society’s president Dr A.J. 
Duggan, of the Wellcome Museum of 
Medical Science, and Professor D.J. 
Bradley, director of the Ross Institute of 
Tropical Hygiene, concentrate on two 
main arguments. First, the value to 
developing countries of work done in the 
United Kingdom on tropical diseases; and 
second the benefits to the United Kingdom 
in the form of indigenous expertise of value 
to the medical profession faced with 
increasing risks of ‘‘tropical’’ infections 
contracted by travellers. 

The British government recently 
published its response to the Brandt 
Commission proposals on Third World 
development in readiness for the Mexico 
summit at the end of the month, in which it 
defends its intention to reduce overseas 
aid. The Royal Society of Tropical 
Medicine and Hygiene is putting forward 
the Liverpool and London schools as cost- 
effective institutions for helping 
developing countries, claiming that this is 
not a one-way process since much of the 
research in this country on tropical disease 
is funded by the World Bank and World 
Health Organization (WHO). 

Charles Wenz 
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Nuclear Bangladesh 
Umbrella agreement 


Dacca 

Bangladesh and the United States have 
entered into an umbrella agreement for 
cooperation on the peaceful uses of nuclear 
energy. The agreement also provides for 
exchange of knowledge, expertise and 
equipment, 

The United States has agreed to export a 
3 megawatt Triga Mark-II research 
reactor. This will be installed at Savar, 
about 25 miles north of Dacca and is 
expected to go into operation in the first 
half of 1983. It will be purchased by 
Bangladesh Atomic Energy Commission at 
a cost of Taka 500 million or 
approximately US$26 million on a cash 
payment basis; an advance of Taka 22.0 
million has already been paid to the 
manufacturer (General Atomic 
Company). The agreement, for an initial 
period of ten years which may be extended 
with the approval of both governments, 
covers the design, development, 
construction, operation, maintenance and 
use of reactors, nuclear fuel disposal, 
health and safety measures, production 
and use of radioisotopes in medicine, 
agriculture and industry. It also includes 
the exploration and development of 
nuclear minerals in Bangladesh. 

At the signing of the agreements the 
United States Ambassador to Bangladesh 
Mrs Jane Abell Coon, recalled that the 
United States welcomed the accession of 
Bangladesh in 1979 to the international 
treaty on the non-proliferation of nuclear 
weapons. M. Kabir 


Nuclear Yugoslavia 
Balkans balkanized 


Yugoslavia’s first nuclear power station, 
at Krsko on the Croatian-—Slovenian 
frontier, has at last been completed. A self- 
sustaining reaction was achieved on 11 
September, and low-po’ver tests are now in 
progress. 

Public concern about reactor safety, has 
presumably been allayed by legislation 
passed in August dealing with all aspects of 
nuclear power plant operation. Recent 
restrictions On power consumption have 
also done much to swing local opinion back 
in favour of the Krsko reactor. 

Completion of the station, which was 
built in cooperation with Westinghouse 

and cost some $600 million, was more than 
three years behind schedule, a delay usually 
attributed to Yugoslavia’s lack of 
transport and construction infrastructure. 
The Federal Premier, Veselin Djuranovic, 
however, has blamed construction 
schedules which, he has said, must from 
now on be realistically drawn up and 
properly adhered to. Out of ten power 
Stations scheduled for commissioning in 
1981, he said, only one was actually ready. 
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Loading up for Brazilian power 


Rio de Janeiro 

Angra I, the first Brazilian nuclear 
plant — a standard 620 megawatt 
Westinghouse reactor — has just started 
loading its 50 tons of enriched uranium 
rods, some five years behind schedule. At 
the same time, the president of FURNAS, 
the electrical company of Rio de Janeiro, 
has announced a forthcoming increase in 
electricity rates to ‘‘dilute’’ the $1,300 
million cost. When started, this project 
was due to cost $300 per kilowatt; each 
installed kilowatt has so far cost the 
Brazilians more than $2,000. 

The unit will reach full power by the 
end of 1981. Westinghouse’s personnel 
will remain on site for one more year — 
the extent of the guarantee. After that, 
operations will be suspended for a month 
to permit partial refuelling with fuel 
imported from the United States. 

The importation of enriched uranium 
from the United States continues to 
create diplomatic squabbles between the 
American government, attempting to 
impose strict safeguards, and Brazilian 
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Angra I (left) loaded, 





The Premier was visiting the Djerdap 
(Iron Gates) hydroelectric power station 
spanning the Danube and built jointly with 
Romania. Djerdap-1 was commissioned in 
1971; Djerdap-2, some 80 km downstream, 
is still being built and should be commis- 
sioned in late 1983 or early 1984. The delays 
plus the economic recession, which has 
reduced the country’s capacity to import 
oil and coal, have brought the country’s 
power situation to a point which power 
engineers at Djerdap described to the 
Premier as ‘‘very critical”. 

A complication is that Yugoslavia’s 
power industry is organized independently 
by each republic. Of the three ‘‘developed”’ 
republics, Slovenia is fairly well-placed, 
having its own uranium, and the chance, if 
currency permits, of importing electricity 
from Austria. Croatia, which already has a 
share in Krsko, is planning at least two 
more nuclear power stations. 

In Serbia, however, the hydroelectric 
potential is already 75 per cent exploited. 


ngra Il (right) waiting 





government still refusing to sign the Non- 
Proliferation Treaty. 

So far, though, there is no disposal site 
for the spent reactor fuel, public protests 
having forced the abandonment of the 
initial choice — a vegetable growing 
valley above Rio de Janeiro. As a 
temporary measure the spent fuel rods 
will be stored in the reactor building 
itself. Low radioactivity waste will 
probably be stored on an island off 
Angra’s shore. 

The other Brazilian nuclear plants, to 
be built as part of the German-Brazilian 
contract (see Nature 284, 656; 1980), are 
still a long way off. The 1,200 megawatt 
Angra II, situated on the same beach as 
Angra I (left) loaded up, Angra II (right) 
still waiting for its concrete floor slab to 
be poured on top of the 300 cement 
columns built through the sand to reach 
rock bottom. Its cost, however, keeps 
rocketing, having already reached $700 
million merely for its foundations: the 
officially anticipated final cost is $2,700 
per kilowatt delivered. Maurice Bazin 






Coal reserves in Serbia proper are running 
out (although the would-be-breakaway 
Autonomous Province of Kosovo still has 
Significant amounts of coal). According to 
Mileta Jasic, head of the management 
committee of the republic’s Community of 
Interest for the Power Economy, the 
‘““permanent solution’’ lies in nuclear 
power (the first nuclear station, he said, 
could be started in 1990) together with joint 
undertakings with other republics. 

Such cooperation is essential as this 
republic-based organization can lead to 
discrepancies. In particular, Yugoslavia’s 
drive to save electricity is being 
implemented in a rather piecemeal manner. 
In Croatia, television programmes 
are Closing down early, in Montenegro 
there has been a flat reduction of 10 per cent 
to all consumers, while Serbia has 
introduced a weekly quota — anyone 
exceeding it will have his next quota docked 
by an equivalent amount. 

Vera Rich 


422 













Unsöld on Einstein 
Sig — We find the statements regarding 
Einstein made by Professor Unsdld (see 
Nature 16 April, p.535) outrageous and would 
like to express our strong disagreement. This is 
particularly important to us now since, ina 
later letter to Nature (4 June, p.374), 
Professor Unsdéld implies that the physics 
department of the University of Marburg 
might essentially share his opinion because 
nobody took issue during the discussion 
following his colloquium in April 1980. 

At the end of his colloquium, Professor 
Unséld made various remarks regarding the 
responsibility of scientists for the application 
of their discoveries and, in this contest, 
mentioned such names as Einstein and Haber. 
Some members of the audience had the 
impression that in so doing he was attempting 
to compare the responsibility of Hitler and the 
Nazi leaders for the holocaust with the 
responsibility of Einstein for the atomic bomb. 

In fact, this point was not further discussed 
after his talk, and one can easily guess why. 
The title of the talk was ‘‘Evolution of cosmic, 
biological and mental structures”, and the 
remarks concerning Einstein and his relation 
to the atomic bomb came at the end of a very 
long talk when Professor Unsdld had by far 
exceeded the time allotted. The tired audience 
probably considered these remarks a slip of 
the tongue by the speaker. However, Professor 
Unsold in Physikalische Blatter greatly 
elaborates on his opinion on the responsibility 
of Einstein. Therefore, we find it imperative to 
protest at his views. 

in his contribution to Physikalische Blätter, 
Professor Unsdld attempts to remove Einstein 
from the allegedly unwarranted pedestal on 
which he was placed by some speakers at the 
meetings during the Einstein centenary. He 
alsa tries to revise opinion on the scientific 
merits of Einstein. It is, of course, quite 
possible that a judgement on Einstein’s 
achievements in physics might lead to 
conflicting views among physicists. We dare 
say, however, that Professor Unsdld’s 
evaluation of the great discoveries of Einstein 
is unacceptable. However, this is not the point 
in question, 

Professor Unséld sought to prove his theory 
that an ever wider gap appears between the 


Nabi — A life 
Six — | would like to make some corrections 
and additions regarding Isidore Nabi, now 
that his cat has partly emerged from its bag 
(Nature 3 September, p.2). í 

The committee called Nabi was formed in 
the early 1960s, with a programme analogous 
to, but much less ambitious than, that ofthe 
French mathematician Nicholas Bourbaki. 
Nabi’s initial consultants were Richard Levins 
(not Lester), then at the University of Puerto 
Rico, Richard Lewontin, then at the 
University of Rochester, the late Robert 
MacArthur, then at the University of 
Pennsylvania, and myself, then at the 
- American Museum of Natural History. Three 
of us later moved to the University of 
Chicago, which had no role initially. | believe 
that Edward O. Wilson, then as now at 
Harvard University, became peripherally 
associated for a while. 

While scientific work can ordinarily stand 












intellectual capacities of physicists to obtain 
far-reaching knowledge and their moral 
qualities, which would guarantee that they use 
their knowledge in a responsible way. He 
makes the physicists solely responsible. 

Einstein was the example chosen to prove 
this theory. We believe that this theory is 
disputable in principle. Responsibility for the 
achievements of science does not rest only with 
the physicists, but concerns the entire human 
community. Professor Unséld attempts to 
present Einstein as a person of dubious morals 
and to show that it was quite consistent with 
Finstein’s nature that he should make the 
‘criminal’ (in Professor UnsGld’s view) 
decision to write a letter to Roosevelt pointing 
out the possibility of constructing the atomic 
bomb. The subsequent use of this bomb at 
Hiroshima and Nagasaki appears to him to be 
the work of Einstein. He then compares the 
‘criminal’? behaviour of Einstein with the 
“highly moral” behaviour of German 
physicists who, despite their sufferings during 
the Hitler regime, managed to ‘“do some 
teaching and to safeguard the libraries’. 

We find it unthinkable that, thirty-five years 
after the greatest crime in history, a German 
physicist dares to accuse a man who had to 
flee Germany to save his life, of criminal 
behaviour, when indeed he was obviously 
attempting to help mankind defend itself 
against the perpetrators of this very crime. 

As members of the physics faculty of the 
University of Marburg, we consider Professor 
Unséld’s remarks totally unacceptable, and do 
not wish to condone them by remaining silent. 
We believe that it is the duty of every German 
citizen to remember the recent historical 
events. The written and oral statements of 
Professor Unsold certainly do not demonstrate 
this. Moreover, the seeming acceptance of his 
statement by some people suggests that some 
German physicists are no longer conscious of 
this shameful past. We hope that this 
“discussion” about Einstein will contribute to 
an improvement in this direction. 

Hot CER NEUMANN, OLAF MEL SHEIMER, 

Wot PGANG ADAMCZAK, REINHARD ECKHORN, 
JÜRGEN ALTMANN, WOLFGANG BAYER, 

Ratp BECKMANN, NORBERT STELTE, 
REINHARD BRANDT, LUDWIG SCHWEITZER, 
GUSTAV SAUER, PETER THOMAS 

Philipps- University of Marburg, FRG 








on its own, | agree that political statements 
such as those recently published in Nabi’s 
name should be evaluated with knowledge of 
their author, Indeed, Nabi’s consultants are 
politically diverse. While Lam nota 
sociobiologist, my political opinions do not 
resemble those of Levins and Lewontin; 
neither did MacArthur’s. However, this did 
not affect our collaborations. 

Our consultation with Nabi was scientific, 
intended to further an analytic and unified 
approach to evolutionary biology, an 
approach which was then very unfashionable. 
Nabi's book, however, was only partly written 
when circumstances caused its abortion. 

Nabi has survived, mostly, past his 71st 
birthday (on the same date as Mendel’s), and 
his service in Czechoslovakia for the US Office 
of Strategic Services during World War H, for 
which he received US citizenship, was perhaps 
more dangerous than the public eye. 

LEGH M. Vas VALES 
University of Chicago, USA 
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Councils of dispare 
Six — During the past 12 months or so | have 
submitted about a dozen papers to various 
journals and about a dozen grant applications 
to various grant awarding bodies. I have also . 
refereed about a dozen papers and a rather 
smaller number of grant applications. 

I am sorry to say that not all my own 
submissions have been 100 per cent successful 
on their first attempt. Nevertheless, from the 
journals | usually receive copies of the 
referees’ reports (often containing helpful 
suggestions) together with an overall 
assessment from the editorial office. From the 
research councils, however, almost no 
information at all is produced about reasons 
for rejection. 

The curious thing is that as a referee I spend 
about as much time refereeing a grant 
application as a paper and submit reports of 
roughly comparable length. I know that the 
secretaries who service the research council 
committees have to prepare minutes. Why ts 
one group prepared to be so constructive 
whereas the other is so negative? | do hope it is 
nothing to do with the fact that journals exist 
at least partly to make a profit (either for 
shareholders or for the members of some 
scientific society) whereas the research 
councils lack such an aim! 

Aran D.B. MALCOM 
Biochemistry Department, 
St Mary’s Hospital Medical School, 
London, UK 


Book learning 


Sirk — The recent letters from Andrew Brooks 
(Nature 7 May, p.7) and Robert Campbell 
(Nature 28 May, p.278) about the problems 
of retrieving information do not touch ona 
much more serious problem — the need for 
librarians with some subject expertise. 
Expecting students and researchers to learn 
about as well as maintain currency in both the 
intricacies of data base searching and the wide 
variety of printed data sources is simply 
unrealistic. 

Asking for help is obviously de rigueur for 
efficient use of libraries. Are libraries meeting 
this challenge by recruiting staff members with 
some subject expertise, especially in the 
sciences? Dasa L. ROTH 
Robert A. Millikan Memorial Library, 
California Institute of Technology, 

Pasadena, USA 


Stirling service 


Sik — The general features of the cuts recently 
imposed on the university system by the 
University Grants Committee are now widely 
known. What is Jess well Known Is how 
arbitrary and inequitable some of those cuts 
appear to be. At the University of Stirling, the 
largest cuts (around 35 per cent) are to be in 
the sciences and although the physical sciences 
are to be given some priority, it is beyond 
question that our own department will suffer 
in terms of reduced resources. We would like 
to bring to the attention of the scientific 
community the inequity of what is proposed. 
The Chemistry Department at Stirling 
University is one of the smallest university 
chemistry departments in Britain, and the 
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Careers of non-medical graduates 
in British medical research 


Judy Sadler, Ruth Porter & David Evered* 


THE major functions of a university 
department in a medical faculty are 
research, teaching and, in the case of 
clinical departments, patient care. It is not 
possible to. quantify the relative 
importance of these various functions, but 
it is generally agreed that they are inter- 
dependent and that the creation of an 
environment in which these activities can 
thrive plays a major role in improving the 
quality of medical care. The contribution 
which the basic biological sciences have 
made to medical research has increased 
substantially in the past two decades — and 
increasing numbers of non-medical 
graduates are engaged in medical research 
both within and without medical 
faculties'”. The importance of these 
contributions has been emphasized by 
various commentators?'4. 

However, non-medical graduates in 
medical research and others have recently 
expressed their concern that no adequate 
Career structure exists for those without a 
medical degree*-!°. Career opportunities 
are available to this group of scientists in 
Medical Research Council institutes and 
units'', some privately funded research 
institutes and in non-clinical biomedical 
departments in the universities. But it has 
been argued that there are insufficient 
tenured posts to enable full-time research 
workers in the medical sciences to develop 
their ideas and skills to the full!23. The 
controversy over the proper balance 
between short-term and long-term support 
for non-medical graduates in medical 
research has continued in the columns of 
many journals during the past three years. 
This debate has been taking place despite 
a remarkable lack of data on the 
distribution, nature of employment, 
qualifications, age, sex and sources of 
support of this group. This study was 
designed to remedy this deficiency and 
provide the necessary basic data for 
informed discussion. 


Survey method 


The study was designed to collect data on 
all non-medical scientists engaged in 
medical research in academic and non- 
profit making institutions. A questionnaire 
was designed and validated in a pilot 
survey. The questionnaire in its definitive 
form was sent personally addressed to the 
head of each department or unit listed in 
the panel on the right with an explanatory 
letter. Reminders were sent 3 weeks and 6 


*The Ciba Foundation, 41 Portland Plave, London WIN 4BN, 
UK 
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weeks after despatch of the original 
questionnaire to those failing to respond. 
The questionnaire was designed to elicit 
the following information: 
(1) Number of graduates engaged in 
medical research (medical and non- 
medical graduates). 
(2) The status of employment of 
non-medical scientists (permanent 












received from 798 university departments, 
















75 MRC and othe: research ir es and 
units, 17 from Puolic Health Laboratory 
Service units, 12 from Blood Transfusion 


Service laboratoris and 4 from other 
research units. en o 
Medical researc: was carried out in 732 
(83 per cent) of these departments and units 
and non-medical graduates were engaged 


A survey to establish the numbers, status, professional qualifications and age of 7 . 
non-medical science graduates in medical research has beer carried outby postal 


questionnaire. It shows that 31 per cent of all non-medical scientists hold 
permanent academic posts — but 56 per cent of these with a PhD and 72 per cent 
of all those aged 35 or over have permanent positions; 42 per cent of non-medical 
scientists are purely grant supported. Amongst scientists dependent on shori- 
term grant support, 14.1 per cent had received support o° this nature for 7 or 
more years and 4.7 per cent for 10 or more years. 
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academic, limited-tenure: academic, 

permanent technician, limited-term 

technician or short-term grant 
support only). 

(3) Academic qualifications (that is, 

PhD, other higher degree or first 

degree only) broken down by em- 

ployment category. 

(4) Ages (less than 25, 25-34, 35 or 

over) broken down by employment 

category. 

(5) Duration of grant support for 

those with non-tenured positions. 

(6) Sources of grant support. 

The totals and numbers of males and 
females in each category were noted. All 
the data were also analysed by discipline of 
department, the nature of employing 
institutions and geographical area. 

The survey was only concerned with 
non-medical graduates apart from the 
single question intended to identify the 
total number of medical graduates in 
research. Respondents were encouraged to 
record all non-medical graduates engaged 
in clinically orientated and basic 
biomedical research — either full-time or 
for the majority of their time. Graduates 
employed in an administrative support role 
were specifically excluded. 


Results 


A total of 1,146 questionnaires were sent 
out and 942 were returned (82 per cent) and 
of these 36 showed internal inconsistencies 
which made them unsuitable for analysis. 
The analysis, therefore, relates to the 
remaining 906 questionnaires (79 per cent 
of the original sample). Returns were 
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in research in 680 departments and units 
(75 per cent of the .otal and 90 per cent of 
those engaged in research). A total of 2,855 
medical graduates tof whom 2,458 (86 per 
cent) were male) end 7,950 non-medical 
graduates (of whom 5,155 (65 per cent) 
were male) were engaged in medical 
research. The male:female ratio for 
medical graduates was 6.2:1 and for non: 
medical graduates 1.92], 

The employmen: status of the non- 
medical graduates in the study is shown in 


The survey population | 
| 


(1) All university departments in medical 
faculties in the Unitec Kingdom. 
(2) All university departments of bio- 
chemistry, biology, genetics, immunology, 
microbiology, psychology and zoology im 
science faculties in the United Kingdom, l 
(3) All Medical Research Council institutes 
and units. Fy 
(4) All institutes funded by medicat research] 
charities. ; 

(5) Central Public Health Laboratories, 
reference and special daboratories and units, 
and regional and areadaboratories. i 
' (6) Regional Blood Transfusion Service centres. | 
@ The address and næne of the head of each 
unit were taken from Medical Directory, 1979) 
(Churchill Livingstone, Edinburgh), Research 
in British Universites, Polytechnics and 

























Research Charities 1679, The Hospital and} 
Health Service Year Fook 1979 Cnstitute of 
Health Service Admiristrators), and Public 
Health Service Directory 1977 (London Public 
Health Laboratory Service). 
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Table 1 Employment status of non-medical graduates in medical research 
EMPLOYMENT MALE FEMALE ALL M:F 
STATUS Total Vo Total Wo Total Bo RATIO 
Permanent 

academic post 2,009 = 39.0 423 15.2 2,432 30.6 4.7: 
Limited-tenure 

academic post 7177. BS AiO. 14.7 1,127 142 RE 
Permanent 

technician post 395 T.T 365 13. 760 9.6 Luc 
Limited-term 

technician post 125 2.4 194 7.0 319 4.0 0.6:1 
Grant support 1,909 37.0 1,393 50.0 3,302 41.6 1.4:1 
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Table 1. It will be noted that 31 per cent 
have permanent academic posts (M:F 
4.7:1), a further 14 per cent have limited- 
tenure academic posts (M:F 1.7:1) and 42 
per cent are purely grant supported (M:F 
1.4:1). A significant number of graduates 
(13.6 per cent of the total) are employed as 
technicians and over half of these are 
female. The population was further broken 
down with respect to their qualifications 
and these data are shown in Table 2. 
Forty-five per cent of non-medical 
graduates in medical research have a PhD 
and the majority of these are male (53 per 
cent of the males compared with 28 per cent 
of females). Eighty per cent of those with a 
permanent academic post hada PhD (anda 
further 8 per cent some other higher 
degree) — and there was some difference 
between the sexes since 90 per cent of males 
but only 77 per cent of females with 
permanent positions had higher degrees. 
These differences, however, only partly 
reflect the fact that a much higher 
proportion of males hold a PhD and 62 per 
cent of the males but only 35 per cent of 
females with a PhD have a permanent post. 
Conversely, higher proportions of females 
with a PhD have limited-tenure academic 
posts (25 per cent) or are purely reliant 
upon grant support (37 per cent) by 
comparison with males holding a PhD (18 
per cent and 19 per cent respectively). A 
very small number of graduates with a PhD 
are employed as technicians — 56 in total 
of whom only 10 are in limited-term 
employment. 

The population was analysed with 


respect to age (Table 3) and each subject 
was assigned to one of three age groups. 
The largest group (45 per cent of the total) 
was between the ages of 25 and 34, and 29 
per cent of the population was aged 35 and 
over. The males were generally older than 
the females with 34 per cent being in the 
oldest age category and 23 per cent in the 
youngest — compared with 19 per cent and 
32 per cent respectively for the females. 
Only 47 per cent of females aged 35 or over 
have permanent posts compared with 79 
per cent of males — and conversely 31 per 
cent of females and only 10 per cent of 
males in the same age group are purely 
dependent upon grant support. 

Analysis of the population by discipline 
revealed wide variations in the numbers of 
non-medical (and medical) graduates 
engaged in research (see Table 4) the largest 
number being in biochemistry and the 
smallest in radiology. Correction of these 
figures on a discipline by discipline basis 
indicates that there are 10,155 non-medical 
graduates engaged in medical research in 
the United Kingdom in the disciplines and 
institutions surveyed. The patterns of 
employment vary considerably from 
discipline to discipline. Permanent posts 
are held by 50 per cent or more of the non- 
medical graduates in occupational 
medicine (76 per cent), medical physics (56 
per cent) and otorhinolaryngology (50 per 
cent) — and by 40 per cent of the non- 
medical graduates in anatomy, haema- 
tology and forensic medicine. At the other 
end of the scale permanent posts are 
available for less than 10 per cent of the 
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Table 2. Qualifications by status of employment (% in each employment category) 


a r A aaneen 


MALES FEMALES ALL 

Other First Other First Other First 

higher degree higher agree higher degree 

PhD degree only PhD degree only PhD degree only 

Permanent 1,681 148 191 277 50) 97 1,958 198 288 
academic post (83.2%) (7.3%) (9.5%) (65.3%) (11.8%) (22.9%) (80.1%) (8.1%) (11.8%) 
iimited-tenure 483 69 159 199 62 156 682 131 315 
academic post (67.9%) (9.7%) (22.4%) (47.7%) (14.9%) 7.4%) (60.5%) (11.6%) 28.9%) 
Permanent 30 63 301 16 42 307 46 108 AOR 
technician post (7.6%) (16.0%) (76.4%) (4.4%) (11.5%) (84.1%) (6.1%) (13.8% } (80.1 %e} 
Limited-term 5 li 109 5 9 178 10 20 287 
technician post (4.0%) (8.80) (87.2%) (2.6%) (4.7%) (92.7%) G.2%) (6.3%) (90, 5%) 
Grant support 515 210 1,t16 293 157 929 RO8 367 2 048 
(28.0%) (11.4%) (60.6%) (21.2%) (11.4%) (67.4%) (25.1%) (1.4%) (63.5%) 

TOTALS 2,714 501 1,876 790 320 1,667 3,504 821 3,543 





(33.4%) (9.8%) 


(36.8%) 


(28.4%) 


(11.5%) 


(60.1o) 


(10.4%) 


(45.1%) 
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non-medical graduates in research in 
radiology, venereology and geriatric 
medicine — it must be added that the total 
number of non-medical! graduates in these 
disciplines is very small. It was noted that 
four disciplines relied on grant support for 
more than 60 per cent of their non-medical 
graduates (neurology and neurosurgery, 
dermatology, immunology, and cardio- 
thoracic medicine and surgery) and that 
four disciplines had a large proportion of 
non-medical graduates in technician posts 
(radiology 50 per cent, venereology 46 per 
cent, medicine 33 per cent and surgery 30 
per cent). 

The frequency of different quali- 
fications also varied widely between 
disciplines. Fifty per cent or more of the 
science graduates in radiotherapy, 
pathology, physiology, medical physics, 
anatomy and biochemistry held a PhD. A 
large proportion of graduates with a first 
degree only were seen in radiology (83 per 
cent), general practice (75 per cent), 
geriatric medicine (65 per cent), cardio- 
thoracic medicine and surgery (63 per cent) 
and venereology (62 per cent). Some 
differences in age distribution were seen 
between disciplines with a relatively high 
proportion of non-medical graduates aged 
35 or over in radiology, radiotherapy, child 
health and infectious diseases and tropical 
medicine. 


Institution type 

The survey results were also analysed with 
respect to the nature of the employing 
institution. The research institutes and 
university departments had similar 
proportions of their staff in permanent 
academic posts. The institutes also 
supported a relatively large number of 
limited-tenure established posts and were 
considerably less dependent upon short- 
term grant support than university 
departments. The Public Health and Blood 
Transfusion Laboratories had a high 
proportion of permanent posts reflecting 
their heavy service commitments. There 
were no major differences between the 
types of organization with respect to the 
qualification of the non-medical graduates 
although a slightly higher proportion of 
those employed in research institutes or 
units had a PhD or other higher 
qualification than did those in the 
university population and the lowest 
proportion with a higher qualification was 
seen in public health laboratories and 
blood transfusion services. The age 
distribution in the different organizations 
was similar. 


Grant support 

The study was extended with respect to 
those graduates dependent upon grant 
support. The survey identified 4,748 non- 
medical graduates with limited-tenure 
employment and data on the duration and 
nature of grant support were available for 
4.155 (88 per cent) of this group (a 
proportion of the remainder held posts of 
limited-tenure which were not dependent 
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upon short-term grant support). The 
duration of grant support for these 
graduates is shown in Table 5. The 


duration of grant support is similar for ` 


both sexes — 86 per cent of males and 
females have been receiving grant support 
for less than 6 years and 14 per cent for 7 
years or more. The source of the present 
grant. was the MRC for 34 per cent of these 
graduates, other research councils for 12 
per cent, health service funds for 9 per cent, 
medical research charities for 21 per cent 
and other sources for 24 per cent. The latter 
category included overseas sources, 
pharmaceutical companies and govern- 
ment departments other than the 


Department of Health and Social Security. 


and the- Scottish- Home and Health 
Department. 


Discussion 
The survey was anid out in the spring 


and early summer of 1980 and. provides 


data on the numbers, distribution and 
characteristics of graduates engaged 
largely or wholly in medically orientated 
research at that time. It is purely a cross- 
sectional survey and thus suffers from the 
inherent disadvantages of all prevalence 
studies. The particular advantages of this 
survey are that a whole population was 
surveyed (rather than just a sample) and the 
response rate was high for a postal survey. 
Iit is clear that non-medical scientists 
constitute a substantial proportion (74 per 
cent) of this population — and that there 
are probably approximately 10,000 non- 
medical scientists in research in the United 
Kingdom in the institutions surveyed. This 
latter figure allows for the non-responders 
and is likely to be of the right order of 
magnitude since the response rate of those 
disciplines with large numbers of graduates 
in research was. very similar to those 
disciplines with only a minor commitment 
to research. It is clear that this survey 
underestimates the total number of 
graduates in biomedical research since it 
does not include those in industry 
(particularly the pharmaceutical industry 
and those companies with an interest in 
biotechnology) and it also excluded 
research workers in some other university 

pa ee or Toraen institutes “ 





study also does not t ichide those Scientists 
who are. primarily employed to provide 
laboratory services, who may make 
occasional, but important, contributions 
to the pool of medical knowledge. 


Sex difference 
The employment status of the non-medical 
scientists was examined in detail, and 
related to their age and qualifications. 
There were some differences between the 
sexes in that a larger proportion of males 
had a higher degree and they were in 
general older than the females engaged in 
research. Even when these factors were 


Tabie 3 
i MALES 


Age distribution by status of employment (% in each employment category) 






FEMALES ALL | 
<25 25-34 354 <25 25-34 35+ <25 28-34 Bas 
Permanent 38 600 1,365 17 154 251 55 isa ie 
academic post (1.9%) (30.0%) (68.1%) (4.0%) (36.5%) (59.5%) (2.3%) l 
Limited-tenure 104 $32 94 98 246 61 202 FAR 
academic post (14.6%) (72.1%) (13.3%) (24.2%) (60.7%) (15.1%) (I8 1%} ` {6 P 
Permanent 89 218 85 94 228 42 183 | e460 
technician post (22.7%) (55.6%) (21.7%) (25.8%) (62.6%) (11.6%) (24.2%) @0%) 4 
Limited-term 58 56 E 82 91 14 140 147 
technician post (46.4%) (44.8%) (8.8%) (43.9%) (48.7%) (7.4%) (44.9%) (47.48 
Grant support 871 844 170 588 623 166 1,459 a6) 3 
(46.2%) (44.8%) (9.0%) (42.7%) (45.2%) (12.1%) (44.7%) (48.00%) (10 
TOTALS 1,160 2,230 1,725 879 1342 534 209 4n X 
(22.7%) (43.6%) (33.7%) (31.9%) (48.7%) 












(1) Cancer research is also included in biology, 


Table 4 Distribution of non-medical and medical graduates by discipline 
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Discipline No. of Non-mediċat > Pr Medical 
institutions graduates - andme 
responding No. Mean “No. Mean: 2 , 
Anaesthetics 19 30 E E: 5° 
Anatomy 25 207 8.3 132 A ee 
Biochemistry 49 1130 383 Ii 
Biology 36 485 aoi A 
Cancer (oncology) (1) 9 17 LI ed a 
Cardio-thoracic medicine & surgery 10 45 AS BR Ss 
Chemical pathology (2) 26 407 15.7 iM A 
Child health 21 55 2.6 9% Fe 
Community medicine 31 187 6.0 PA 
Dermatology 17 šI 3.0 30 Pa ae 
Forensic medicine 10 15 t.5 & e 
General practice 12 8 0.7 a Pay ee 
Genetics 18 218 RA 23 13 
Geriatric medicine 8 17 2.1 l4 E 
Haematology (3) 25 114 4.6 7i an 
Immunology 5 84 16.8. 26 E T 
infectious diseases & tropical medicine 15 104 6.5 28 L9 
Medical physics 9 346 18.2 19 AO 
Medicine (4) 49 560 li.4 467 9.5. : 
Mental health & psychiatry 30 398 13.3 124. Al 
Microbiology (5) 60 399 6.6 130 22. °° 
Miscellaneous (6) 35 192 5.5 24 O79 
Neurology & neurosurgery 19 38 2.0 s3 28 
Obstetrics & gynaecology 28 121 4.3 r33 43 
Occupational medicine 25 90 3.6 13 0.8 
Ophthalmology 19 43 2.3 50 24 
Orthopaedics 15 49. 3.3 49 k k ee 
Otorhinolaryngology 14 20 hg ai hao 
Pathology 44 529 12.0 2292 bAi 
Physiology 34 704 207 0 53 
Pharmacology 28 482 17.2 63. 2.3 
Psychology 4] 192 4.7 7 0.2 
Radiology IR 6 0.3 37 A 
Radiotherapy 6 ` 97 6.1 -329 18 
Surgery (7) 40 136 3.4 210 3 
Therapeutics & clinical pharmacology 19 - F9] IOI 99 $2. 
Venereology 12 13 Li 3 2G 
Zoology 33 278 8.3 8 Oe 


(2) Includes clinical biochemistry, clinical chemistry and metabolism. 


(3) Ineludes blood transfusion. 


(4) Includes all medical specialties not classified separately. 


(3) Includes bacteriology and virology. 


(6) Includes statistics, biomedical engineering, medicinal chemistry, etc. 
(7) Includes all surgical specialities not classified separately. 


taken into account, male graduates were 
more likely to obtain a permanent position. 
There are several possible explanations for 
these differences and this survey cannot 
with certainty distinguish between these 
possibilities. However, precisely the same 
proportion of females and males who were 
dependent upon grant support had been 
recipients of grants for seven years or 


more, suggesting that the difference overal j 

is due to the fact that a proportion of- 
females leave medical research but return — 
after a few years. 


Disciplines 

There were some very considerable 
differences between the various disciplines. 
A very weak (and statistically not 
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scientists in each discipline and the 


proportion who held permanent academic 


positions. Generally, the more highly quali- 
fied non-medical graduates and the highest 
proportion with permanent posts, were to 
be found in the sciences basic to medicine 
and in those disciplines which commonly 
carried a substantial service laboratory 
load in addition to their academic 
commitments. This impression was 
confirmed by the high proportion of 
permanent staff in the Public Health 
Laboratory Service and the Blood 
Transfusion Service. The purely clinical 
disciplines and particularly the ‘minor’ 
medical specialties generally had the 
smallest commitment to medical research, 
the lowést numbers of medical and non- 
medical graduates engaged in research and 
very few permanent posts. 


Scope 

Several general points should be made in 
relation to this survey. First, it must be 
recognized that this pool of non-medical 
scientists is in equilibrium with other 
populations of biological scientists in 
universities, industry, other institutes, 
government and the schools — some of 
whom will be occupied in research while 
others will be undertaking other functions 


The reasons why 


BEHIND both the accompanying study 
and the recent report commissioned by 
the US National Science Foundation (see 
above and also Nature 11 June) lies a 
good deal of unrest amongst junior 
research scientists. The US report, 
carried out by the National Academy of 
Sciences (National Research Council) 
with a steering committee chaired by Dr 
Lee Grodzins of the Massachussetts 
Institute of Science and Technology, 
gives expression to some of the discontent 
shown by postdoctorals in the United 
States and lists amongst its conclusions: 
@We have found a lack of concern on 
ifthe part of most universities for the 
well being of their postdoctorals as 
| an identifiable group. 
@Few universities assume any 
| responsibility for. shaping or even 
| monitoring the character of the 
postdoctoral experience or for ensurin 
its quality. : 
@A significant fraction — in some fields 
the majority — of postdoctorals deplore 
many of the conditions of their 
appointments. 
e@Postdoctoral experience contributes 
little or nothing in terms of subsequent 
income. 
e@Women postdoctorals are more likely 




































academic careers, but the men entering 
academic employment are more likely to 
get faculty appointments and are more 





significant) positive relationship was noted ~~ 
between the mean number of non-medical = == = = Fab 


enrolments, doctoral awards, and science 


-calis for the foundation to introduce | 


than their male counterparts to, pursue 








DURATION OF SUPPORT 


a ; Duration of grant support to 4,155 non-medical graduates 


MALES — 
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FEMALES 


ALL 
Less than 3 years 961 (40.2%) 808 (45.8%) 1,769 (42.6%) 
3-6 years 1,092 (45.6%) 707 {40.1 %) 1,798 (43.3%) 
7-10 years 231 (9.7%) 159 = (9.0%) 3909 (9.4%) 
More than 10 years 109 (4.5%) 89 (5.1%). 198 (4.7%) 





(teaching, administration, technical 


services and so on). The appropriate 


relative proportions of these various 
scientific populations will always be 
debatable — but it is essential to remember 
that the career opportunities available to 
the graduate in the biological sciences are 
not limited to the institutions which were 
the subject of this survey. Second, it must 
be emphasized that this survey does no 
more than describe a population and its 
characteristics. There are no available 
methods fer determining the ‘ideal’ 
balance between long-term and short-term 
support, or indeed for establishing the 
optimum level of investment in biomedical 
research. The controversy relating to the 
status, career structure and mechanisms of 
funding of non-medical scientists in 
medical research will undoubtedly 
continue. The major objective of this 
survey was to provide information, which 
hitherto has been lacking, as the basis for 


quickly given tenure, 

The supply of secure, tenured 
academic posts no longer matches the 
numbers of postdoctoral researchers that 
are required to keep the ‘academic 
research industry’ going (if ever it did) 
and so there will always be a steady stream 
of postdoctorals failing to find a niche in 
academia. The US report recommends 
that individual universities should set up 
standing committees to review the 
conditions of postdoctorals, with 
emphasis on salary (or stipend) levels, 
status within the university community, 
availability of career counselling, and 
subsequent employment of those | 
completing appointments. 

The National Science Foundation 
already sponsors data collection in the 
fields of research funding, graduate 


and engineering employment. The report | 


surveys on the career decisions of young 
scientists and engineers and to publish a 
bienniel series of reports on the changing 
patterns and utilization of postdoctorals 
and other groups of young investigators. 
Armed with such information the 
requested standing committees may be in 
a position to give some useful advice. 
Despite the difficulties though, the 
report concludes that postdoctoral 
fellowships make an invaluable 
contribution to research, and remain a 


valuable preparation for academic iife. © 
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this debate. The importance of providing 
this database is underlined by the 
observation that approximately 10,000 
non-medical scientists are engaged in 
research in the institutions surveyed. 


US study 
Recently published data'* from the United 
States provide a valuable comparison with 
the present observations, suggesting that 
there are approximately 7,000 postdoctoral 
fellows in the United States without 
permanent posts, compared with about 
1,750 in the United Kingdom identified by 
the present survey. The two are not directly 
comparable but even so, closely reflect the 
ratio of the total and graduate populations 
in the two countries. The US study contains 
some longitudinal observations and 
indicates that the input to the “‘post 
doctoral holding pattern’’ exceeds the 
output to tenured positions by 11 per cent. 
The authors of this report highlight the 
problem of balancing the needs of the 
individual scientist against the long-term 
research requirements of the community. 
It is clear from our survey and from the US 
study that long-term policies of support for 
biomedical research should be based upon 
objective observations of personnel and 
performance. 

We thank Professor A. G. Shaper and 
members of the Department of Clinical 
Epidemiology and Social Medicine, Royal 
Free Hospital, London, particularly Dr S. 
J. Pocock and Miss L. M. Carpenter, for 
statistical advice and help in designing the 
pilot study and questionnaire, and 
Brigadier K. David Gribbin (Secretary- 
General of the Cancer Research 
Campaign) for his comments. We also 
thank the many heads of departments and 
institutes who spent a great deal of time 
filling in the five-page questionnaire. 
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“A history of the world, imperfectly kept, 
and written in a changing dialect. Of this 
history we possess the last volume alone 
. OF this volume, only here and there a 
short chapter has been preserved; and of 
each page only here and there a few lines.” 
Thus Darwin on the imperfections of the 
fossil record, and thus his explanation — 
widely accepted until recently — of the 
absence from the record of the transitional 
forms expected on his view of the origin of 
species as a result of natural selection which 
acts “‘solely by accumulating. slight, 
successive, favourable variations, and can 
produce no great or sudden modification’, 

In this issue of Nature (p.437), 
Williamson reports a page of the fossil 
history of the world which has been pre- 
served more or less complete. He has 
studied a sequence of fossilized freshwater 
molluscs from the Turkana Basin in East 
Africa. In a series of fossil beds 400 m 
thick, which have yielded important 
human remains, there are preserved 
Millions of shells of at least 19 species of 
snail-from several genera. These deposits 

have remained more or less undisturbed 
since their formation, and the order of 
formation of each bed can be identified by 
referring to their relationship with 
accurately dated local geological features. 
This evolutionary series presents, as 
Williamson says, an unprecedented oppor- 
-tunity to study patterns of evolutionary 
change in a complete fossil record. 

On first sight, these patterns are quite 
different from those expected on the theory 
of gradual evolution insisted upon by 
Darwin. In the 13 lineages common enough 
for detailed analysis, long periods of 
morphological stability are interrupted by 
fossil beds in which relatively rapid changes 
in shell shape take place. These newly 
evolved populations then persist 
unchanged through thick deposits before, 
in most cases, becoming extinct and being 
replaced by fossils resembling the ancestral 
forms (some of which persist to the present 
day). The intermediate forms between the 
ancestral and derived species occupy only a 
very small proportion of the evolutionary 
history of each lineage. The periods of 
transition coincide with each other in the 
various genera; including — remarkably 
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fossil history 


from J.S. Jones 


enough — Melanoides, a taxon which is in 
its modern guise an obligate parthenogen. 
This-apparent ability of an asexual species 
to evolve as rapidly as its sexual relatives 
casts some doubt on the many theories 
which claim that sexual reproduction 
increases evolutionary flexibility’. 

There is no doubt that these patterns of 
stability interrupted by change are real. In 
this they differ from recent claims that the 
fossil history of man shows similar 
patterns; these rest only on the 
incompleteness of the human fossil 
record’. 


Williamson suggests. that the evolution . 


of his snails conforms to a model of change 
in the fossil record which can be traced to 
the work of Cuvier in the eighteenth 
century; was later promoted by 
Goldschmidt, and has recently been 
resurrected as the ‘punctuated 
equilibrium’ model of Eldredge and 
Gould’, Evolution is seen as an essentially 
discontinuous process in which long 
periods of genetic stability are interrupted 
by “genetic revolutions’ which produce 
very rapid change, rather than as a system 
of gradual change leading to the origin of 
species by natural selection acting on minor 
differences in fitness among individuals. 
Darwin’s often quoted claim that ‘‘natura 
non fecit saltum’ is not correct; the 
absence of intermediate forms in the fossil 
record is a genuine result of the 
mechanisms of evolution, rather than an 
artefact of the accidents of preservation. 
To quote Williamson, the patterns of 
change in his fossil snail populations must 
indicate that ‘“‘speciation is a qualitatively 


-different phenomenon from gradual intra- 


specific evolutionary change’’. The 
darwinian theory of the origin of species, if 
not wrong, is at least incomplete. 

Does this new information ona uniquely 
complete palaeontological series indeed 
mean that geneticists must revise their 
views of how species originate? Here we see 
an important difference in the way in which 
those dealing with fossils and those who 
experiment on living organisms assess the 


JS. Jones is in the Department of Genetics and 


Biometry, University College London. 


weights are as different as 13.g and 32°, 
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rate of evolutionary change; because of he ae 
differences in the time scales habitually a 
encountered by the two groups, whatisano 
instant of evolutionary. time to-a palaes 
ontologist may appear almost an ning inilyto 
a geneticist. e 
Williamson shows that the imer medine 8 
forms in his fossifseries existed for between oe 
5,000 and 50,060 years, periods. much E 
shorter than those of evolutionary stability 
in each lineage. The living relatives of these < 
snails have a generation interval of between 
six and twelve months”, so that the 
morphological changes between the stable 
shell forms. took on the average perhaps 
20,000 generations to complete. To most 
geneticists, this iaterval seems more than 
sufficient to enabe gradual changes to lead 
to morphologicalevolution as great asthat 
described by Williamson. It is the equiva-. 
lent of perhapsa thousand: years-in: a 
Drosophila population cage, six thousand 
years ina mouse selection experiment,. or 
40,000. years when dealing with domestic 
animals such as dogs. Darwinian selection 
of the most conventional kind has often 
been used to accemplish dramatic genetic 
changes in morphology much more rapidly 
than this. In less than fifty generations of 
artificial selection on a base population it 
has been possible <a produce selected lines 
of Drosophila’ melanogaster which have 
abdominal bristle numbers varying. from 
three to eighty-five’; of mice whose body 
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a OHOL necessary. To 
postulate that new evolution 
mechanisms must 5e involved, = 
Reproductive solation, the cen 
element of speciation can also be achieved 
by simple darwinian sélection in a period 
much shorter than that assessed by 
Williamson and others as evidence for the 
inadequacy of carwinian Nahe = 
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mating among mistants. in a Beale 
cage can lead to considerable reproductive 
isolation within oniy 18 generations!!, and 
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it is possible: grea 
sexual isolation of D. 

its close relative D. persimilis by artificial 
selection in less than 20 generations”. In 
the same way, selection of different parts 
of an originally freely interbreeding 
Drosophila or house fly population for 
bristle number, climbing ability or the 
ability to tolerate insecticides can lead to 
the incidental evolution of considerable 
reproductive isolation within a few tens of 
generations! !5, Even Drosophila 
populations kept at different temperatures 
for five years in the laboratory evolve 
considerable reproductive isolation among 
themselves'®. These are periods trivial in 
relation to those interpreted by Williamson 
and others as ‘punctuations’ in the fossil 
record which can only be explained by new 
evolutionary mechanisms. 

The efficacy of gradual evolutionary 
change in producing genetic subdivision 
-and the reduction of gene flow in natural 
populations subject to the forces of 
-gradual selection is particularly well seen in 
plants. Some annual grasses have evolved 
an ability to grow on mines polluted by 










age Br 
about a wee earlier than do the súrround- 
ing non-tolerant populations and have an 
increased ability for self-fertilization. 
These genetic differences — which have 
evolved in the one hundred years since the 





“mines were opened — are enough to lead to — 
considerable reproductive isolation | 


between mine populations and their 
ancestors in the nearby: pastures!”. 

Once evolutionary change in the fossil 
record — even in a record as well charac- 
terized as that unearthed by Williamson — 
is placed in the context of the known ability 
of living organisms to respond to the forces 
of classical darwinian natural selection, it 
becomes clear that it is not necessary to 
invoke evolutionary forces ‘qualitatively 
different’ from those emphasized by 
Darwin. Depending on the time scale to 
which the investigator is accustomed, one 
man’s punctuated equilibrium may be 
another’s evolutionary gradualism. 
Williamson describes an extraordinarily 
complete page in the history of evolution 


“origin of species. Ci 
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Diversity changes of marine organisms 
through the Phanerozoic 


from A. Hallam 


One of the most important palaeon- 
tological debates of the past decade 
appears to have been resolved in an article 
published in this week’s Nature (see page 
435). The issue at stake is whether the 
diversity of life has increased substantially 
in the five hundred million years since the 
Cambrian period or whether it is only 
imperfections in the fossil record that give 
an appearance of increasing diversity while 
the true pattern is of equilibrium or even 
decrease in diversity. 

The two chief protagonists in the debate, 
David Raup and James Valentine, are now 
in agreement and have joined forces with 
two other American palaeontologists, 
“John Sepkoskiand Richard Bambach, who 
have made notable contributions to the 
subject. Together they demonstrate that 
there is indeed, in their choice of phrase, a 
genuine ‘evolutionary signal” discernable 
in the fossil record of marine organisms 
despite possible preservational and 
taxonomic noise. The agreement is a firm 
vote of confidence in the reliability of the 
fossil record even though the conclusion 
drawn from it is a sort of compromise — 
diversity has increased since the Cambrian 
but the pattern is not one of a simple rise. 

it is the existence of such massive data 
compilations as the American Treatise on 
Invertebrate Paleontology and the 
Geological Society of London’s The 
Fossil Record that have allowed 
palaeontologists to analyse the pattern of 
diversity change of preservable organisms 
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from the Cambrian to the present. To 
obtain reliable estimates of the extent of 
change through time it is clearly desirable 
to be able to eliminate possible 
complications due to preservational bias 
and the problems inherent in making 
taxonomic distinctions among fossils. 
Originally, Valentine made the claim 
that marine invertebrate generic and family 
diversity increased substantially from the 
early Palaeozoic to the Cenozoic. This was 
challenged by Raup soon afterwards 
(Science 1977; 1065, 1972). He argued that 
the large Mesozoic—Cenozoic increase may 
be an artefact. The Cenozoic record 
includes extant taxa, which biases it 
towards an overestimate, and 
preservational factors may have produced 
a major bias in the reverse direction further 
back in time. He generated a computer 
simulation model based on an increased 
probability of destruction of fossils with 
time, and showed that Valentine’s data 


could be accounted for by postulating 


diversity rise from the Cambrian to a mid- 
Palaeozoic peak followed by a drop to an 
appreciably more modest level which 
remained stable throusn the Mesozoic and 
Cenozoic. 
In a later paper (Paleobiology 2; 289, 

1976), Raup estimated the number of 
species described for each of the geological 
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periods by tabulating new species reported 
in the Zoological Record, and established a 
strong correlation between apparent 
species numbers and the present areal 
distribution of rocks per system. This 
suggested that perhaps geological systems 
with more available rock have more species 
and hence more species are described. 

In the analysis published this week, five 
independent measures of diversity, for 
different groups of organisms and 
different taxonomic levels, are shown to be 
highly inter-correlated, even when the 
ubiquitous correlation with time is 
removed. A simple underlying pattern is 
revealed of a rise from a low value in the 
Cambrian through the Palaeozoic, 
followed by a low Triassic value, after 
which there is a more or less accelerating 
increase through the Mesozoic and 
the last era containing the 
highest diversity. The sharp drop at the end 
of the Palaeozoic is clearly the result of the 
Permian mass extinction. In sharp contrast 
the end Cretaceous mass extinction has no 
effect on the general trend. Above the 
family level the pattern of diversity change 
is different, due probably to the tendency 
for morphologically distinct groups to 
appear rapidly during the early phases of 
major radiations. 

Palaeontologists will no doubt continue 
to argue about the meaning of diversity- 
change data, but at least they are now 


apparently assured that the data reflect the 


real world. 
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Charles Darwin and earthworms 


from Clive A. Edwards 


CHARLES DARWIN is most famous for his 
work on evolution and his controversial 
book ‘The Origin of Species’. Much less 
familiar is another book ‘The Formation of 
Vegetable Mould through the Action of 
Worms’ (Murray) which appeared in 1881, 
the year before his death, and sold many 
copies. Correspondence concerning the 
book, preserved in Cambridge, has been 
reviewed by Otto Graff (Brauschweig, 
FRG) and shows that it was the 
culmination of more than 40 years of 
observations first inspired by Darwin’s 
uncle Josiah Wedgwood. The book 
demonstrated for the first time the 
importance of earthworms in the break- 
down of organic matter and in maintaining 
soil fertility, a conclusion very much at 





*The International Darwin Centenary Symposium on 
Earthworm Ecology was held at Grange-over-Sands, Cumbria 
(August 29 to September 4 1981) and attended by 142 scientists 
from 28 countries. The proceedings will be published by 
Chapman and Hall, London and in the journal’ Pedobiologia’. 





100 years ago 


MR. DARWIN 
ON THE WORK OF WORMS 


If the world were not already accustomed to the 
unprecedented fertility of Mr. Darwin's genius, it 
might well be disposed to marvel at the appearance of 
yet another work, now added to the magnificent array 
of those which bear his name. But feelings of wonder 
at Mr. Darwin's activity have long ago been sated, 
and most of us have grown to regard his powers of 
research as belonging to a class sui generis, to which 
the ordinary measures of working capacity do not 
apply, 

One of the most interesting chapters deals with the 
habit of dragging down leaves, &c., into the burrows: 
for here the experiments elicited some very 
remarkable evidence of action which is apparently 
intelligent, 

Mr. Darwin “observed carefully how worms 
dragged leaves into their burrows whether by their 
tips or bases or middle parts. It seemed more 
especially desirable to do this in the case of plants not 
natives to our country; for although the habit of 
dragging leaves into their burrows is undoubtedly 
instinctive with worms, yet instinct could not tell them 
how to act in the case of leaves about which their 
progenitors knew nothing. If, moreover, worms 
acted solely through instinct or an unvarying 
inherited impulse, they would draw all kinds of leaves 
into their burrows in the same manner. If they have no 
such definite instinct, we might expect that chance 
would determine whether the tip, base or middle was 
seized. If both these alternatives are excluded, 
intelligence alone is left; unless the worm in each case 
first tries many different methods, and follows that 
alone which proves possible or the most easy; but to 
act in this manner and to try different methods makes 
a near approach to intelligence". 

A large number of experiments were therefore tried 
with leaves of various shapes, and both of endemic 
and exotic species. The results showed unequivocally 
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odds with the opinion of many of Darwin’s 
contemporaries, who believed that earth- 
worms were harmful to plants and 
produced a considerable literature des- 
cribing methods of killing them. 

The publication of Darwin’s book in 
October 1881 was recently celebrated at an 
International Centennial Symposium*. 
Darwin’s belief in the beneficial influences 
of earthworms stated so clearly 100 years 
ago was strongly supported by many of the 
contributions. 

For example, it was shown that the pro- 
duction of grass in New Zealand, which is 
extremely important to sheep farming, 
could be influenced greatly by earthworm 
activity. New Zealand does not have native 
lumbricid earthworms, and experimental 
inoculation of earthworms of the species 
Allolobophora caliginosa has greatly 
increased yields of grass over that in 
pastures with no earthworms. Work by S. 
Stockdill (Department of Agriculture, 


that the part of the leaf which the worm seized for the 
purpose of dragging the whole into the burrow was 
not a matter of chance, but in an overwhelming 
majority of cases that part of a leaf was seized by the 
dragging of which the leaf would offer least resistance 
to being drawn into the burrow. Thus, for instance, 
“the basal margin of the blade in many kinds of leaves 
forms a large angle with the foot-stalk; and if such a 
leaf were drawn in by the foot-stalk, the basal margin 
would come abruptly into contact with the ground on 
each side of the burrow, and would render the 
drawing in of the leaf very difficult. Nevertheless 
worms break through their habit of avoiding the foot- 
stalk, if this part offers them the most convenient 
means for drawing leaves into their burrows’’. 

To test the hypothesis of chance, elongated 
triangles were cut out of paper and given to the worms 
instead of leaves, Here ‘‘it might certainly have been 
expected, supposing that worms seized hold of the 
triangles by chance, that a considerably larger 
proportion would have been dragged in by the basal 
than by the apical part"; while, inasmuch as the latter 
was in a literal sense the thin end of the wedge, it was 
the part which intelligent action would be most likely 
to choose. The results of many experiments with these 
paper triangles showed that ‘‘nearly three times as 
many were drawn in by the apex as by the base. . . . 
We may therefore conclude that the manner in which 
the triangles are drawn into the burrows is not a 
matter of chance, . and we may infer — 
improbable as is the inference — that worms are able 
by some means to judge which is the best end by which 
to draw triangles of paper into their burrows", 

On the question of defining such action as 
intelligent or non-intelligent, Mr. Darwin refers to the 
criterion “‘that we can safely infer intelligence only 
when we see an individual profiting by its own 
individual experience’’; and he adds that “if worms 
are able to judge, either before or after having drawn 
an Object close to the mouths of their burrows, how 
best to drag it in, they must acquire some notion of its 
general shape’’, and thus guide their actions by the 
result of individual experience. 

Assuredly these observations are most interesting, 
and it would seem well worth while to try whether, by 
a Series of lessons with similar triangles of Paper, an 
individual worm could be taught to lay hold of the 
apex in a greater and greater proportional number of 
cases; if so, there could no longer be any question as to 
the intelligent nature of the action. 

GEORGE G. ROMANES 
From Nature 24, 13 October, 553, I881. 





New Zealand), J. Syers (Massey 
University) and J. Springett (Ministry of 
Agriculture and Fisheries, New Zealand) 
has shown that the well defined, 
undecomposed mat of organic matter at 
the base of the grass breaks down when 
earthworms are introduced and the 
available nutrients that are released greatly 
promote grass growth, 

Many workers have claimed that when 
earthworms are inoculated into cultivated 
soils with poor natural populations, the 
growth of plants is increased. This role of 
earthworms has been shown to be much 
more important when crops are sown into 
soil after the use of a herbicide and with no 
mechanical cultivation (direct drilling). 
Workers at Rothamsted Experimental 
Station, UK have established that 
inoculating earthworms into soils that have 
been direct drilled for long periods, 
increases considerably the growth of roots 
and yield of crops. This was shown to be 
due to the provision of deep channels for 
root growth, lined with more available 
mineral nutrients than the surrounding 
soil. An earthworm management 
programme for direct drilled soils pro- 
posed by Rothamsted workers involves 
minimal ancillary cultivations, no straw 
burning, avoidance of harmful pesticides 
and addition of large doses of organic 
matter to soil. 

The importance of earthworms in land 
reclamation was discussed by J.F. Curry 
and D.C.F. Cotton (University College, 
Dublin). There is a need for land 
reclamation after industrial activities such 
as strip mining and land fill, after 
inundation by the sea and after peat has 
been harvested from peat bogs. In all these 
Situations, there is a gradual natural 
invasion by earthworms after the 
reclamation process begins, and there is 
little doubt that the worms have an 
important role in re-establishing soil 
structure. Earthworm activity can be pro- 
moted and reclamation accelerated by 
inoculation of earthworms, making soil 
conditions more favourable for them and 
by adding large amounts of suitable 
organic matter such as municipal sludge or 
animal wastes. 

Few people consider earthworms to be a 
marketable commodity; but the large inter- 
national traffic in earthworms was 
reviewed by A.D. Tomlin (Canada 
Agriculture, London, Ontario). He quoted 
figures that showed the retail value of 
earthworms exported from Canada to the 
US for fishing bait in 1980 was as much as 
54 million Canadian dollars, and in 
addition large quantities were exported to 





Clive A. Edwards is in the Entomology 
Department at Rothamsted Experimental 
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Europe. These earthworms were obtained 
either by experienced ‘pickers’, each 
collecting up to 10,000 Lumbricus 
terrestris per night from golf courses, or by 
breeding Eisenia foetida or Eudrilus 
eugeniae in a wide range of human or 
organic wastes. The potential of earth- 
worms in degradation of organic wastes 
and as a source of food and drugs was 
reviewed by J. Sabine (Waite Institute, 
Adelaide, Australia) and discussed by con- 
tributors from several other countries as 


far afield as the US, Japan, Nigeria and the 
Phillipines. Most of these groups have con- 
centrated on the production of a material 
suitable as a plant growth medium or a soil 
additive, from a wide range of organic 
wastes, by the action of earthworms. 
There seems little doubt that Darwin’s 
faith in the usefulness of earthworms to 
man has been fully justified and it seems 
likely that these humble creatures may 
prove to be even more valuable during the 
next decade. = 


The biology of oligodendroglia 


from a correspondent 


OLIGODENDROGLIAL cells have the 
important role of producing the myelin 
sheath of axons in the central nervous 
system. The formation of myelin results in 
changes that facilitate the conduction of 
impulses. The study of oligodendroglia 
and myelin is therefore of considerable 
importance in neurobiology and has 
relevance to several human diseases, 
particularly multiple sclerosis (MS). 

At a workshop* held in June, recent 
biochemical studies of myelin in whole 
brain or in tissue slices and of 
oligodendrocytes in mixed cell cultures 
were discussed. These investigations 
provide new insights into the development 
and differentiation of ohgodendrocytes, 
the synthesis of myelin and gene expression 
of oligodendrocytes in some non- 
myelinating systems. It appears that, 
during development, the expression of 
enzymes responsible for the synthesis of 
myelin components and the production of 
these components are coordinated but that 
many of these events do not occur 
simultaneously. For example, the activity 
of cerebroside sulphotransferase (CST), 
the enzyme that converts cerebroside to 
sulphatide, rises before that of UDP 
galactose:ceramide galactosyltransferase 
(CGalt), the enzyme that catalvses the last 
step of cerebroside synthesis. This puzzling 
finding may imply that most of the 
cerebroside formed before myelination is 
channeled into sulphatide formation. Both 


these myelin lipids can be detected before | 


myelin basic protein (MBP) appears. 
Several other enzymes of lipid synthesis 
also increase dramatically before and 
during myelination and then decline. 
Although the control mechanisms that 
regulate such enzyme activity are poorly 
understood, some interdependencies have 
now been established. For example, the 
activity of the enzyme glycerol phosphate 
dehydrogenase is induced specifically in 
oligodendrocytes by cortisol and the 
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*A mullidisciplinary, infernational group of about 60 
investigators gathered in June at Artie House, Virginia, under 


the auspices of the National Multiple Sclerosis Society of 


America to discuss recent advanees in the biology and pathology 
af oligodendrogiial cells. 
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oligodendrocyte-specific enzyme 2, 
3’-cyclic nucleotide 3’ phosphodiesterase is 
stimulated in glioma lines by noradrenaline 
via a cyclic AMP-dependent mechanism. 
The activity of CST appears partially to 
depend on the ratio of cholesterol to 
lecithin in membranes containing the 
enzyme; such ratios can be altered 
experimentally by adding appropriate 
liposomes in vitro, 

It has also been possible to localize 
several enzymes (including CST, CGalt 
and plasmalogenase) to oligodendrocytes 
using bulk-isolated enriched cell fractions. 

The assembly of myelin components by 
the cell into myelin membranes is being 
examined by kinetic studies combined with 
protein synthesis inhibitors. The two major 
myelin proteins, MBP and proteolipid 
protein (PLP), are assembled into myelin 
at different times after synthesis: the 
incorporation of PLP into myelin lags 
behind that of MBP by several minutes and 
continues for several minutes after protein 
synthesis has stopped. These data imply 
that PLP is processed after synthesis and is 
assembled into a different precursor 
membrane than MBP. Preliminary results 
indicate that it is possible to isolate 
populations of precursor membrane 
vesicles that represent both different stages 
in the formation of myelin precursors and 
separate pathways for carrying different 
myelin proteins. 

After assembly, the myelin constituents 
turnover quite rapidly and at different 
rates. Constituents added early in 
development are removed at a slower rate 
than those added later (‘last in, first out’). 
Each lipid has its own turnover time but, in 
general, lipids turnover faster than 
proteins and some proteins formed early in 
life are metabolically very stable. The more 
rapidly metabolized proteins may not be 
homogeneously distributed within the 
sheath but are located preferentially in 
areas peripheral to compacted myelin 
layers. 

Many of these observations on the 
biochemical behaviour of oligodendroglia 
in situ have been confirmed by 
investigators studying oligodendroglia in 
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mixed cell culture systems. łn vitro 
preparations show the developmental 
increases of differentiated properties of 
oligodendrocytes, such as CST, CGalt, 
cerebroside and MBP. There is speculation 
that, whereas Schwann cells will not 
express differentiated functions in the 
absence of axons, the expression of these 
properties in oligodendroglia is partly pre- 
programmed into the cell and does not 
require feedback signals from axons for 
induction of many of its components. 

Several other recent in vivo and in vitro 
studies provide new insights into the role of 
cell interactions in myelination. Addition 
of rat glia from dissociated embryonic 
spinal cord to cultures of dorsal root 
ganglia results in proliferation of the 
ensheathing cells and also in extensive 
myelination — additional proof that 
peripheral nervous system axons can 
promote glial mitosis and differentiation. 
In vivo experiments using mouse chimaeras 
obtained by aggregation of eight-cell 
preimplantation embryos have recently 
permitted the study of interactions between 
normal and mutant glia throughout 
primary development. Chimaeras and 
other techniques such as nerve grafting 
may also elucidate the interactions between 
the glial cells themselves and between glia 
and axons in the abortive remyelination 
and regeneration that follows various 
forms of central nervous system injury. 
Additional benefits will be derived from 
recent improvements in the preparation of 
separate cultures of astroglia and 
oligodendroglia and from the very exciting 
advances made in the development of 
specific markers for different types of glia 
and neurone. 

Using immunological techniques, glia 
and neurones can be identified and purified 
independently of morphological charac- 
teristics. This methodology has been 
revolutionized by procedures for the 
derivation of monoclonal antibodies. 
Purified cell populations should help 
characterize the molecules involved in 
myelin induction and in the control of glial 
cell proliferation. 

It is not yet known whether the 
oligodendrocytes or the myelin sheath 
itself is the main target in MS. Using 
organotypic central nervous system 
cultures and adding myelinotoxic MS sera 
in the presence of complement, there is a 
selective destruction of oligodendrocytes in 
vitro. However these observations have not 
been corroborated in MS lesions displaying 
ongoing demyelination where 
oligodendroglia do not appear to be 
selectively destroyed in the early lesions. 
Immunocytochemical studies of MS 
plaques also suggest that the mechanism of 
myelin breakdown in MS may be immune- 
ligand-mediated phagocytosis rather than 
a failure of the oligodendrocytes. Thus, in 
MS, the mechanisms that lead to the loss of 
myelin-forming cells and to the limited 
repair of demyelination remain to be 
clarified. 7 
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Tracing outbreaks of foot-and-mouth disease 


from J.B. Brooksby i 


FOOT-AND-MOUTH disease is transferred 
remarkably easily and there is little 
difficulty in accounting for the infection of 
animals which have been in contact with 
the disease at markets or on neighbouring 
farms. Simple explanations often apply for 
the spread of the disease over longer 
distances too: the dispersal of the animals 
from markets or the movements of infected 
animals products or foodstuffs may be the 
cause. Between countries and continents, 
however, the route is frequently less direct, 
as in the case of the meat trade from S. 
America to Europe, and it becomes 
necessary to establish both the 
epidemiological facts and the -survival 
characteristics of the virus. 

In the past the investigation of such 
spread had much in common with the plot 
of a detective novel, showing great 
ingenuity but less objectivity. Recently, 
-however, technical advances and new epide- 
miological findings, as illustrated on p479 
of this issue of Nature, are making possible 
better judgements both on the pathways 
and on the identification of the virus 
involved. 

Following the 1967-68 outbreak in the 
UK the possibility that the virus was being 
transmitted by air was extensively 
investigated. Quantitative data on virus 
excretion, aerial transfer and infection 
though the respiratory tract were combined 
with meterological data to produce models 
of spread! which were then tested re- 
trospectively on field series of outbreaks, in 
the UK in Hampshire (1967) and 
Northumberland (1966), between 
Denmark and Sweden (1966) and from 
Brittany to the Channel Islands (1974). 
Cases of transmission across water present 
fewer complicating factors than over 
irregular land surfaces and at times the 
temperature differences at the water-air 
interface limits the dispersion of the plume 
of potentially infective air. From the 
conditions on two dates in March 198], the 
model strongly supports the possibility of 
airborne transmission from Brittany to 
Jersey and to the Isle of Wight. Most 
energetic efforts were made to detect other 
possible sources for the 1981 infection in 
the Isle of Wight but met with no success 
whatever. i, 3 

‘The second clue to links between 
outbreaks lies in the identification of the 
strain of virus. In the 1920s and 30s the 
method was not of great value as only. three 
serotypes of virus could be distinguished. 

_.That-two farms were infected with type O 
virus, for example, could scarcely establish 
a connection between them. Later, when 





J.B: ‘Brooksby is a former Director of the 
Animal Virus R Centre, Pirbright, UK. 
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serological methods differentiated a 
continually increasing number of strains, 
the appearance of foci of infection due toa 
hitherto unrecognised subtype was 
stronger evidence for epidemiological links 
betwen them. A close parallel existed 
between this situation and the epidemic 
spread of new influenza strains in man. 

A wave of infection in Western Europe 
in 1965-67 provides a good example of the 
importance of sub-types of the virus. At 
that time cattle were frequently vaccinated 
in the countries concerned, although 
sometimes only in the face of a new threat 
of the disease. The vaccine was generally 
specific against the sub-type strain O,, 
which had been the most important strain 
in outbreaks in the preceding ten years. 
When the disease began to appear in 
vaccinated animals in 1965, it was believed 
that a totally new strain of virus had 
appeared. 

Laboratory investigation, however, 
identified the new strain as similar to the 
earlier sub-type O, which had been the 
most prevalent type O strain until about 
1955. Strains of this sub-type seemed to 
have disappeared from the Western 
European scene, with the exception of a 
small outbreak in Belgium in 1963. The 
spread of the ‘new’ O, strain began in 
Switzerland (the O Lausanne) and moved 
through neighbouring countries of 
Germany, France, Holland and Belgium. 
The response of the vaccine-producing 
laboratories was to replace the O, strains by 
the new field strains including the O 
Lausanne. The reappearance of the O, 
strain is not so surprising as similar strains 
were present in the Eastern Mediterranean 
countries, in S. America and possible in 
Spain in the early 1960s. Minor differences 
— of possible use in determining origins — 
did exist among the O, group, but efforts 
were concentrated on those major 
differences which would affect the success 
or failure of vaccination of cattle in the 
field. a 

Recently a new order of. precision has 
been achieved in the identification of 
strains. Two biochemical methods have 
been developed, the fingerprinting of the 


ribonuclease: T oligonucleotides and the 


electrofocusing of the polypeptides of the 
virus coat. The use of these methods is 
graphically illustrated,in the paper in this 
week’s Nature, which examines the 
relationship between the strains from the 
outbreaks in Brittany, Jersey and the Isle of 
Wight which have already been linked on 
the basis of airborne spread. The salient 
feature of the strain comparisons in the 
paper is that there is absolute identity 
between strains recovered in-Brittany and 
the Isle of Wight and the strain O Lausanne 


which continues to be used as the most 
effective vaccine strain in several European 
countries. The authors consider, with 
justification, that this identity of strains 
goes beyond coincidence. Their own 
evidence is that, in biochemical terms, 
minor changes occur very readily during 
the spread of viruses in the field. In the 
1967-68 outbreak in the UK, for example, 
although the virus remained serologically 
an O,, six biochemically determined sub- 
strains were found among seven isolates 
taken during the outbreak. The minor 
changes observed in the present series, an 
additional band in VP2 in the Jersey 
sample and a slight charge-change in P56a 
in one Isle of Wight sample, if anything 
strengthen the conclusion that the 
Brittany, Jersey and Isle of Wight 
outbreaks of 1981 are related. 

There remains the question of the ongin 
of the Brittany outbreak. The paper offers 
three suggestions but does not express a 
definite view. However, ata meeting of the 
European Commission for the Control of 
Foot-and-Mouth Disease in April 1981 (see 
ref. 2) it was recognized that as foot-and- 
mouth disease had been virtually 
eliminated in Europe but vaccination 
policies had been maintained, perhaps half 
the outbreaks which have occurred in the 
past ten years have arisen from 
incompletely inactivated vaccine. The 
inactivation of viral vaccines has always 
been a difficult matter. In foot-and-mouth 
disease much attention has been given to 
the safety-testing of vaccines, Henderson 
as far back as 1952 (see ref. 3) pointing out 
the statistical weakness of the most 
stringent laboratory control, compared 
with the field use of a batch of vaccine 
when many millions of doses may be 
inoculated. An important point in the 
current-situation is that formalin is still in 
widespread use as an inactivant and that 
such a vaccine was used in Brittany. This 
‘agent has now been superseded by the more 
progressive’ producers, including the 
‘French group responsible for much of the 
vaccine used in France. 

-t- The matching of identity by biochemical 
techniques raises many interesting 
quéstions. It seems that passage of strains 
in tissue-culture in the laboratory, as will 
occur in the production of virus for 
vaccine, is less likely to change either the 
genome or the polypeptides than the 
natural passage of virus in field spread. In 
the present case the O Lausanne stored for 


1 Domakhon, A], Cdoster,J Hene | DTI, Dam DI, 
& Flerbhin, © (in preparation} 

2 Europam Corm#¢rneon for the Control of Toot-and Veoh 
Drese, Report of the Mih Season (PAC Rome Apni 
1981) 
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16 years was compared with virus from the 
field outbreak, which, assuming it arose 
from the vaccine, had received some serial 
passage in the laboratory in the production 
of vaccine seed virus. Serological evidence 
already exists on changes in foot-and- 
mouth disease virus under epidemiological 


pressures and in laboratory passage in 
immune ‘serum. The present work, by 
giving much greater precision to such 
investigations and revealing the 
mechanism of change, will be of 
fundamental importance to the study of 
the virus. = 


Hot and noisy stars 


from M.G. Edmunds 


AFTER a decade of comparative 
stagnation, there is renewed interest in the 
theory and observation cf stellar 
atmospheres. The renascence is due partly 
to recent improvements in computing 
power (the advent and promise of 
machines like CRAY-1) and partly to 
observations in new wavelength bands — 
particularly the UV with the International 
Explorer satellite and X rays with the 
Einstein Observatory. In Britain, the 
Science and Engineering Research Council 
has financed a collaborative computing 
project (CCP7), with the aim of 
encouraging the exchange of stellar 
atmosphere computing software; a 
workshop* associated with the project was 
held in July at Gregynog Hall in mid Wales. 
Two topics highlighted at the meeting (and 
which have also figured prominently in 
recent literature) were hot stars with 
peculiar helium abundances and velocity 
fields in stellar atmospheres. The latter is of 
considerable importance because of its 
possible relation to chromospheric and 
coronal activity. 

Extensive computational work, des- 
cribed by R. Kudritizki (Kiel University), 
has allowed the assumption of local 
thermodynamic equilibrium to be relaxed 
in calculations of the appearance of 
emitted spectra, which are compared with 
observed spectra of the hot stars called 
‘subdwarfs’. (These stars have 
considerably smaller radii than normal 
dwarf stars of the same temperature and 
probably represent a stage in the life of a 
star between a bright red giant and a slowly 
fading white dwarf.) The non-equilibrium 
calculations have led to a much more 
reliable determination of the helium 
abundance in the stars’ atmospheres and 
confirms that a very large variation exists 
between different stars. There appears fo 
be a gradation in atmospheric composition 
from helium-poor B-type subdwarfs, with 
only about one helium atom for every 
hundred hydrogens, to nearly all helium and 
almost no hydrogen in the hotter O-type 
subdwarfs'. Related objects are the stars 
at the centres of planetary nebulae, which 
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can also show helium deficiency. 

Although the high helium abundances 
can be fairly easily accounted for by 
normal nuclear processing of hydrogen to 
helium in a star’s interior, which is 
subsequently mixed to the surface, the 
helium underabundances are rather harder 
to explain. The material out of which the 
stars formed should have contained at least 
the one atom of helium per ten of hydrogen 
that resulted from big bang nucleo- 
synthesis, and the most likely explanation 
of the underabundances is that the 
atmospheres are untypical of the subdwarf 
stars as a whole. In fact, the stars will have 
an overall excess of helium as a result of 
their previous evolution, but while passing 
through the subdwarf stage the force of 
gravity at the surface of these stars is 
sufficently strong, and the atmospheres 
quiescent enough, for the heavier helium 
atoms to sink down past the hydrogen 
atoms to leave a helium-poor atmosphere’. 
The transition from helium poor to helium 
rich at an effective surface temperature of 
about 40,000K indicates either that mixing 
motions in the star reach up into the 
atmosphere at temperatures above this, or 
that the outer layers of the star have been 
stripped off to leave only the helium core 
with virtually no hydrogen. Not all the 
puzzles presented by these stars have been 
solved; it is not clear how many subdwarfs 
are close binaries and how mass transfer 
between the two components of such a 
binary would affect their evolution. One of 
the helium-poor subdwarfs is suspiciously 
near the centre of a supernova remnant 
(SN1006), suggesting a possible 
evolutionary connection. Neither is it clear 
how the precursors of the extremely 
helium-rich subdwarfs could have lost 
virtually all their outer hydrogen-rich 
layers. 

Velocity fields in stellar atmospheres are 
known to exist from their broadening the 
spectral lines observed in the light from a 
star, but their nature is poorly understood. 
The most problematic are the so-called 
‘microturbulent’ velocities which probably 
have little to do with turbulence, but give 
velocity variations on a physically small 
length scale in the atmosphere — hence the 
epithet ‘micro’. The two most likely 
candidates for microturbulent broadening 
are either the differential velocity shifts in 


convective elements penetrating up from 
the convection zone and into the stellar 
atmosphere or some kind of acoustic or 
magnetoacoustic wave motion. It is 
possible that both mechanisms contribute 
to the actual line broadening in stars. 

A. Nordlund (Copenhagen University 
Observatory) presented beautiful com- 
puter simulations of solar convective cells, 
which calculate the radiation transfer 
through a hydrodynamic simulation of the 
flows and reproduce well the broadening 
and shifts of lines in the solar spectrum. His 
calculations give a harsh warning to 
atmospheric analysers by showing that ata 
given vertical height in the solar 
atmosphere, a great range (perhaps 
5,000K) in temperature can exist at 
different (but close) horizontal positions. 
He has also computed preliminary models 
for the giant star Arcturus, and again 
obtains line broadening in reasonable 
agreement with observations, but showing 
even bigger temperature fluctuations. 
Further calculations are eagerly awaited. 

The alternative model of waves 
generated in the convection zone and 
propagating up through the atmosphere, 
broadening the lines as they go, also has 
attractions as a possible method of 
depositing energy in the outer layers of the 
atmosphere. Such a heat source is required 
to maintain the observed high tem- 
peratures of the chromospheres and 
coronae of stars. But the energetics of such 
a process are debatable and difficult to 
calculate. Simple acoustic waves generated 
by the Lighthill jet-noise mechanism have 
the behaviour to account for the observed 
microturbulent broadening? and have 
recently been staunchly defended as a 
possible chromospheric heating source’. 
The true situation, however, may be 
considerably more complicated. In 
particular, the Einstein observations® show 
that nearly all stars have a hot corona 
which generates X rays, but with a wide 
variation in emission level even among 
stars of the same type. It is not yet clear how 
important the stellar magnetic fields will be 
in determining the X-ray emission. R.F. 
Stein’ has argued persuasively that the 
upward energy transport to the chro- 
mosphere and corona is predominantly in 
magnetohydrodynamic waves — 
particularly Alfvén and slow-mode 
acoustic — generated where the back- 
ground magnetic field is strong in the 
convection zone. This gives a better energy 
budget than for simple acoustic waves, and 
might imply a rather ‘patchy’ line 
broadening over the surface of a star as a 
result of the typically inhomogeneous 
magnetic field structure. It is also possible 
that the (variable) magnetic field structure 
of the star modulates the conversion of 
waves into heat energy and thence to X rays 
in the upper atmosphere. 





M.G. Edmunds is in the Department of 
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in most hot stars there is no convection 
zone near the atmosphere, so neither 
convective cells nor wave mechanisms 
would seem to work, and yet both coronae 
and microturbulence are observed. 
Radiative amplification of acoustic waves 
is a possible explanation? but again the 
magnetic structure. of the star may be 
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extended atmospheres, proper accounting 
for the thermodynamic disturbances 
exerted by waves’ and relaxation of the 
local thermodynamic equilibrium 
condition can all add to the complication. 
The setting up of a collaborative 
computing project seems to be a sees 
move. 
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erresi rial ages of meteorites 


S Jom Derek W.G. Sears 


Ir has taken about 250 years of scanning 
the popular journals, of writing begging 
letters, of circulating popularized leaflets 
and of outright bribery to amass the collec- 
tion of around 2,000 meteorites that were 
in the world’s museums in 1969, In the last 
decade or so, while the attention of most of 
us was focused on the rocks being gathered 
on the Moon, almost 4,000 meteorites have 
been discovered in several regions of 
Antarctica. 

The Antarctic discoveries have led to a 
rekindling of interest in determining how 
long the meteorites have been on Earth, 
their so-called terrestrial age. Prosaic 
reasons for determining terrestrial ages are 
often offered — for example, it may enable 
meteorites which are fragments of a single 
fall.to. be identified. — but when so many 
meteorites are found over an area of a few 
thousand km? it seems natural to ask how 
_ long they have been accumulating. 

Terrestrial age determination is made 
possible because nuclear reactions are in- 
duced in meteorites by cosmic rays. The 
nuclides produced by such reactions are 
. usually radioactive. If one knows their 
abundance atthe time of fall and their rate 
; of radioactive. decay, then it is a trivial 

tter. to: calculate the meteorite’s 

ial ; age from the present abundance 
of such nuclides. However, the abundance 
at the time of fall is difficult to determine, 
and consequently terrestrial age determin- 
ations are. appreciably less accurate than 
those of the several other important ages in 
the life of a meteorite, such as their 
formation age or the duration of their 
exposure to cosmic radiation. Usually the 
abundance of a cosmic ray-produced 
nuclide is measured in a number of meteor- 
ites that have fallen recently, and their 
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average value is assumed to apply to all the 


meteorites being dated. In fact, this 
quantity is affected by many factors, such 
as the duration of exposure to cosmic rays 
and the depth of the sample in the meteor- 
ite. during this exposure, and varies con- 
siderably. 

Another complication is that the 
terrestrial age must be within a factor of 
about 10 of the halflife of the activity being 
used if it is to be determined. If too many 
half lives have passed since fall, then too 
little activity will remain to permit 
detection. If less than a half life has passed, 
then there will be too little decay to detect. 
In such cases only a lower limit or an upper 
limit, respectively, can be determined. For- 
tunately, the half lives available seem to 
cover the appropriate range so that with 
two activities one can frequently bracket 
the actual value. For example, Fireman et 
al.! observed that the Antarctic meteorites 
were frequently too newly fallen for *A1 
dating (f,. = 0.72 Myr) and too old for 4C 
dating (¢,, = 5,720 yr), and this has proved 
to be a general rule*?. From a judicious 
combination of 3°Cl (¢,, = 0.3 Myr), Al, 
HC and *3Mn (£, = 3.7 Myr) data, 
Nishiizumi ef alt were recently able to 
assign terrestrial ages to nine Antarctic 
meteorites: three had ages of < 0.2 Myr, 
one of 10° yr and the remainder of 
0.13-0.69 Myr, with typical errors of 10-20 
per cent. 

The thermoluminescence (TL) 
technique is the latest to be applied to this 
purpose. The level of TL in a meteorite is 
dictated by competition between its build 
up due to exposure to ionizing radiation, 


and its decay due to thermal draining. In 


the low-level radiation environment of 
Earth, TL decays from its high in-space 
levels to a much lower intensity. Once 
again, a major uncertainty is the in- -space 
level; freshly fallen meteorites show a wide 
range in their TL intensity. 
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until the TL technique can be 


In a recent paper? Melcher follan 
work of Sears and Mills® and- plo 
against terrestrial age for nur 
meteorites with known dates of fa 
departs from the earlier authors 
normalizing his data differently but 
overall picture is unchanged. There is: 
that after about 250 yr some decay in the 
TL can be detected, but the 250 yr period : 
with available data is clearly far too short- 
for any really convincing trends to appear. 
How then is one to calibrate the TL.-d 
in terms of terrestrial age? This has pr 
to be far more difficult than the optimi 
efforts of Sears and Mills in 1974 suppos 

Unlike the decay rate of a radio; 
isotope, the rate of TL decay is no 
determined, invariable quantity, © 
recently has it become apparent 
meteorite TL obeys second-order: kin 
that is, logarithm of the TL. intensity does 
not decrease at constant rate, but at arate 
proportioned to its intensity: The decay 
rate is also highly sensitive to the ambient __ 
temperature of the meteorite, being higher 
for higher storage temperatures: Melcher e 
also reports that at 160°C, TL decay canbe __ 
observed after only a few hours. Using 
plausible solid-state models for the TL 
mechanism, he calculates the decay at. 
lower temperatures which can becompared __ 
with further annealing experiments: It 
seemed to this reader that theory and 
experiment were already parting company 
when extrapolated from 160°C down to 
121°C; even allowing for the very large 
uncertainties in the data used inthetheory, 
Melcher’s data do not bode well force 
determining the decay curves for Antarctic 
meteorites from such procedures, 

We are left with the rather unsatisfying 
procedure of calibrating the TL. decay 
using terrestrial ages obtained isotopically. 
Melcher finds a ‘rough correlation’ _ 
between TL and the **Al content of nine 
meteorites and the °C] content of another 
ie Using 17 meteorites from the Prairie 



















seem to be appropriate for sE 
Sears and Durani roana a 







“C pehe age. Such exe cises. serve to 
demonstrate the predicted relationship 
between TL and terrestrial age. Howe 


absolute footing, independent o - 
isotopic techniques, it will not find wide. 


‘spread application; except perhaps, as 
Melcher suggests, as a ‘quick and dirty’ 


method of rapidly screening large numbers 
of meteorites in order to select interesting 
ones for study by other techniques, {7 
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from Bert Bolin 


CARBON, nitrogen, phospherus and 
sulphur and of course hydrogen and 
exygen are needed in precise proportion 
for the formation of the fundamental 
molecules on which life depends. Their 
availability, interactions and circulation in 
nature have therefore been decisive to 
development of life on Earth and to main- 
tenance of the present global ecosystem. 
The development of living organisms in 
turn substantially modified the primordial 
distributions and circulation of these basic 


elements. Since the mid 1970s, the 


Scientific Committee on Problems of the 
Environment (SCOPE) has been studying 
the global cycles of carbon, nitrogen, 
~ phosphorus and sulphur, and in particular, 
the overall balance of the material fluxes 
due to air and water motion. It is hoped 
that the long-term impact of man’s wastes 
on the ecosystem can be effectively 
analysed and possible future changes 
foreseen. A SCOPE workshop* was held 
recently outside Stockholm to survey our 
present knowledge. 

In the atmosphere the fundamental role 
of the hydroxyl radical (OH) formed when 
oxygen is photodissociated and the exited 
oxygen atoms react with water, has been 
firmly established. It oxidizes CH, and CO 
to CO,, NO and NO, (NO,) to nitrate and 
reduced sulphur compounds and SO, to 
sulphate. The C, N and S cycles are thus 
coupled and their interactions have 
changed during the evolution of the 
atmosphere. 

Terrestrial ecosystems have been able to 
establish nearly closed circulation patterns 
to economize on nutrients, which are often 
in limited supply. To foresee possible 
future changes we need to understand how 
these systems have evolved. In the hydro- 

-sphere running water is an important agent 
for translocation of all the nutrients on 
Jand and for the slow transfer from land to 
sea. However, an approximate steady state 
oof the N and S cycles has been maintained 
over the past few millenia by the return 
flow from the sea to land via air motions. 

Human activity is now inducing fluxes of 
carbon, nitrogen, phosphorous and 

sulphur comparable in magnitude to 


natural fluxes. The annual release of CO, ~ 


fossil fuels is about 10 per cent of that used 
_in natural primary production by terrestrial 
plants. Itis not certain how photosynthesis 
and biomass accumulation on land may 
change due to this disturbance, and it 
became apparent at the workshop that the 





*The international workshop on the interaction of 
biogeochemical cycles rook place at Orsundsbra outside 
Stockholm on 25-30 May 1981 with financial support from 
UNEP, The outcome of the meeting will appear as SCOPE 
report (0.24), Reports nos 7, 13 and 16 summarize previous 
workshops and symposia, and no, 17 will soon be published, on 
the SCOPE General Assembly held in Stock hom in Jane 1979, 
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pathways of the excess CO, would be 
resolved only by examining the interplay of 
the N and P cycles with the carbon cycle. 

The amount of NO, and NO, formed in 
fossil fuel combustion and fertilizer manu- 
facturing is about one-half of that 
produced naturally by the biosphere. 
Nitrogen oxides (NO and NO,) are 
important in tropospheric ozone reactions: 
above a critical NO, concentration ozone 
is created as a by-product of the photo- 
chemical oxidation of hydrocarbons. 
Hence tropospheric ozone in the Northern 
Hemisphere may have increased 
signficantly due to the man’s impact on the 
N cycle. In contrast, the photochemical 
influence of NO, on the stratospheric 
ozone distribution leads to ozone 
depletion. Enhanced nitrogen loading to 
terrestrial systems resulting from fossil fuel 
combustion may increase net primary 
production (including forest biomass) due 
to the fertilizing effect of N, and enhanced 
N and P loading to rivers (see below) is 
likely to lead to the eutrophication of 
coastal waters and an increase in organic 
matter sedimentation, 

SO, emission to the atmosphere, 
primarily by fossil fuel combustion, 
probably exceeds the exchange of sulphur 
(excluding sulphur in sea spray) by air 
motions between land and sea. The 
oxidation of SO, to H,SO, and its 
deposition near main industrial areas is 
acidifying the lakes of Scandinavia, 
Canada and the northeastern US, with 
damaging effects on the biota. Most terre- 
strial ecosystems are relatively well 
buffered with respect to pH and direct 
toxic effects of incresed acidity have only 
been conclusively established in restricted 
areas. An indirect effect of acidification is 
the increasing levels of aluminium, which is 
toxic to roots, in the ground water. Nitric 
acid, produced from the oxidation of NO,, 
has also contributed to the increased 
acidity of precipitation. The increased 
input of ammonia, which has taken place 
simultaneously as a result of growth in 
agriculture and increased use of nitrogen 
fertilizers, has only partially balanced the 
increased acidification due to sulphuric 


‘and nitric acids. | 


Industrial emissions, particularly of 
SO,, have led to a change in visibility of the 
atmosphere due to the formation of 
ammonium sulphate. Together with the 
urban photochemical smog produced from 
automobiles exhaust gases, in particular 
NOx, a dramatic change in the environ- 
ment is being produced. Chemical 
interaction of N and S in the atmosphere 
leads to changes in their atmospheric 
residence times and will bring about an 
increase in the size of the affected areas, 
particularly as fossil fuel burning increases 
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in the future. 

As.a consequence of the widespread use 
of fertilizers, detergents and industrial 
chemicals containing N and P, the riverine 
fluxes of these elements seems to have 
increased about twofold over the past 30 yr 
resulting in increased biological activity in 
rivers and coastal zones. The increased 
supply of organic detritus from plant 
production in the photic zone will enhance 
the amount of carbon stored in the 
sediments. Algae at the base of the food 
chain are replaced by less desirable species 
and the areas of anoxia increase. Coastal 
waters are essential to man both because 
the human population is concentrated 
along the shores and because the sea is an 
important source of food. Our under- 
standing of coastal ecosystems is by no 
means adequate to judge how man is 
modifying the waters and ocean floor along 
the shores. 

Present methods of cultivation cause 
substantial losses of C, N, P and S from 
terrestrial ecosystems through accelerated 
decomposition, reduced additions of 
structural organic material to the soil, 
increased erosion and the removal of N, P 
and S in harvested products. However, by 
using alternative strategies for land 
management, which balance the net input 
of organic C, N, P and S, and thereby 
simulate the interacting nutrient cycles of 
natural terrestrial ecosystems, loss of soil 
fertility can be minimized and the organic 
matter, nutrient content and productivity 
of degraded sites even increased. 

An additional problem is the aging of 
soils over millions of years associated with 
the transformation of phosphorus into 
biologically inaccessible compounds. in 
the light of marked changes in soils, 
particularly in the arid and semi-arid 
regions, long-term strategies for soil 
management are urgently needed. 

Man’s effect on the C, N, P and S cycles 
and their interactions in the global 
ecosystem are becoming clearer. We have 
learned that disturbances in one region of 
the world may affect the world as a whole, 


but quantitative models of the key 


biogeochemical cycles are still very crude. 
In the future, an approach similar to that 
used in climate modelling needs be 
adopted. It is now clear that an 
understanding of the main features of the 
general circulation of the atmosphere and 
the oceans are crucial for modelling the 
biogeochemical cycles and conversely, 
climate and climatic change cannot be 
understood without knowledge of the 


biogeochemical cycles. E 
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Strong meins between various local and global estimates of Phanerozoic marine diversity for taxa below the ordinal 
level indicate a single pattern of change underlying all data on fossil density. Geological time alone seems insufficient to 
explain all of the significant covariation among the data sets, and itis proposed that the common pattern in diversity reflects 
the signal from a real evolutionary phenomenon strong enough to overcome the biases inherent in the fossil record. 





THE “imperfection of the fossil record’ has always been the 
single greatest impediment in the palaeontological study of 
evolution. Incomplete preservation, inadequate sampling and 
arbitrary taxonomy have made it difficult to discern and assess 
accurately large-scale evolutionary patterns in the history of 
life’. For the study of taxonomic diversity, these problems 
have led to uncertainty about both the patterns and the proces- 
ses of diversification in terrestrial and especially marine ecosys- 
tems. No single data set has even been able to demonstrate 
conclusively whether species diversity in the oceans has 
increased substantially since the Palaeozoic era or whether it has 
remained essentially constant over the past 500 million years*’. 
However, when all empirical estimates of Phanerozoic marine 
diversity are considered together, a remarkably consistent 
pattern emerges, suggesting that a strong evolutionary signal 
underlies the preservational and taxonomic noise of the known 
fossil record. 


Phanerozoic diversity 


Five major and essentially independent estimates of the diver- 
sity of lower taxa in the marine fossil record have been published 
during the past decade: 

(A) Trace fossil diversity—Seilacher® plotted data on ob- 
served numbers of ichnospecies in marine facies of various ages 
at 36 localities from around the world. 

(B) Species per Myr—Raup’ published data on global 
numbers of fossil invertebrate species compiled from a ‘10% 
sampling’ of the 1900-70 volumes of the Zoological Record. 

(C) Species richness—Bambach’*, in attempt to avoid biases 
inherent in estimates of global fossil diversity, compiled data on 
the numbers of invertebrate species described from 386 marine, 
level-bottom communities of Cambrian to Quaternary age. 

(D) Generic diversity—Raup’, for an analysis of taxonomic 
survivorship, compiled data on the times of origination and 
extinction of all genera and subgenera listed in the pre-1978 
volumes of the Treatise on Invertebrate Paleontology’. 

(E) Familial diversity—-Sepkoski'” published a graph show- 
ing the stage-by-stage history of the global diversity of all marine 
metazoan families, compiled from some 300 literature sources. 

These five sets of data on Phanerozoic marine diversity (Fig. 
1) have been reduced to the common stratigraphic resolution of 
this geological system and plotted on a normalized vertical scale. 
The data for trace fossil diversity may be more heterogeneous 
than the other four estimates; Seilacher® has argued that trace 
fossil communities in shallow and deep water are decoupled and 
hence have had separate histories of diversification. We have 
combined his data from both neritic (shelf) and flysch 
(continental slope and rise) facies, however, so that trace fossils 
as a whole can be compared with data sets on skeletal body 
fossils. 
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Correlation analysis 


The extent to which all five estimates of fossil diversity are 
influenced by acommon underlying factor can be assessed using 
simple correlation analysis. Table 1 lists linear correlation 
coefficients for all pairs of the diversity estimates. All the 
correlations are quite high, with 8 out of 10 ranging from 0.91 to 
0.99. The only two coefficients lower than 0.90 involve the data 
on trace fossils. These data, as well as being heterogeneous, 
measure local behavioural diversity, thereby only indirectly 
reflecting local species diversity’, and encompass fewer obser- 
vations than the other data sets. In contrast, Raup’s two data 
sets, which are based on the greatest numbers of observations, 
exhibit the highest average correlations. 

If standard one-sided statistical tests are applied to the cor- 
relation coefficients in Table 1, all appear to be significantly 
greater than zero at the 0.05 confidence level (and all but the 
lowest at the 0.001 level). However, these test results cannot be 
considered valid. Because taxonomic diversity in any interval of 
geological time is partially dependent on the diversity in the 
preceding interval'', the usual statistical assumptions regarding 
independence of samples are violated’*'*. To avoid this 
difficulty, correlations independent of time must be examined, 

That all five estimates of Phanerozoic diversity are strongly 
correlated with time (Table 2) reflects in part the necessary 
increase in diversity from the earliest Phanerozoic to the 
present. However, in no case does this correlation with time 
account for more than ~60% of the variance in estimated 
diversity. When this correlation is removed, the residual esti- 
mates of diversity remain highly intercorrelated, as indicated by 
both the linear and the rank correlation coefficients in Table 2, 
One-sided statistical tests indicate that all but the lowest one or 
two coefficients in either set are significantly greater than zero at 
the 0.05 level or better. 

This last result is important when the variety of uncertainties 
and biases inherent in each set of data is considered. For 
Table 1 Matrix of linear product-moment correlation coefficients 
between estimates of standing marine diversity in each Phanerozoic 

geological system 





A Trace fossils (9), — 
B Species per Myr (10); 0.907 — 

C Species richness (8); 0.725 0.929 — 

D Generic diversity (10); 0.927 0.986 0.912 e 

E Familial diversity (10) ine 871 0.928 0.927 0.939 — 
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Numbers of systems with data are listed in piena The first 
relative eigenvalue (A,/5) of this matrix is 0.925, indicating a strong 
overall correlation among the five diversity estimates, 
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Fig. 1 Histograms displaying the relative magnitudes of marine 
animal diversity per geological system as indicated in five data sets 
published during the last decade. The geological systems are 
denoted with standard symbols beneath the bottom histogram. The 
heights of the histogram bars have been scaled so that each data set 
shows the same average diversity. Question marks signify systems 
for which adequate data are lacking. The data were compiled by the 
following procedures: (A) Seilacher’s® data on trace fossils were 
averaged by calculating median num ers of ichnospecies per local- 
ity in each system within both neritic and flysch facies (with a more 
recently published”? data point for the Jurassic included); no data 
were available for the Permian system. (B) Raup’s’ raw data on 
numbers of species per geological system were modified by first 
eliminating the non-marine Insecta and then normalizing the 
remaining data by dividing by the duration of each system. (C) 
Bambach’s* data on species richness were taken directly from his 
Fig. 5, which lists median numbers of species in communities in 
‘open marine environments’; these communities, which constitute 
the bulk of Bambach’s total data set as well as of the entire marine 
fossil record, comprise the only data that Bambach listed at the 
level of system (with adequate data for the Permian and Triassic 
systems lacking). (D) The data on generic diversity were reduced 
from Raup’s® table of numbers of generic originations and extinc- 
tions per geological system using a modified Webb—Harper trans- 
formation” ~'; average standing diversity in each system was 
calculated as the number of genera passing entirely through the 
system, plus half the new genera surviving beyond the system, plus 
half the old genera becoming extinct in the system, plus the number 
of genera confined to the system multiplied by a factor scaling for 
the system’s duration. This scaling factor was computed as 14 Myr 
divided by the duration of the system, where 14 Myr (or half the 
average duration of a genus") was arbitrarily chosen assuming that 
genera confined to single systems should have durations somewhat 
shorter than average. (Experimentation with numerators ranging 
from 10 to 20 Myr altered results by <10%.) (E) The data on 
familial diversity were generated by weighting the standing diver- 
sity of families in each stratigraphic stage in Sepkoski’s '” original 
data by the stage’s duration and then averaging over each system to 
produce a simple weighted mean. 









example, not only are the data on trace fossil diversities hetero- 
geneous with respect to environment, but they may also be 
heterogeneous with respect to taxonomic level. Some ichno- 
species may even represent mixtures of phyla, such as species of 
Skolithos which may have been produced by both phoronids and 
annelids. The data on species richness were derived from a more 
uniform set of open shelf environments but may still reflect 
considerable environmental variation; species richness in 
benthic communities today varies by more than an order of 
magnitude within analogous habitats in different climatic zones. 
Such variation may be confounded further in the fossil record by 
enrichment of local diversity by lateral mixing'* and time 
averaging’, The compilations of global diversities of fossil 
species, genera, and families avoid some of these local problems 
but are subject to a wide range of additional biases which result 
from variations in the quantity and quality of the geological 
record, reliability and accessibility of taxonomic literature, 
number of active workers, and so on™. The effects of these 
biasing factors may vary considerably with taxonomic level. 
Also important is the differing taxonomic coverage of the 
various data sets; the familial data in Fig. 1, for example, exclude 
protozoans, which are incorporated into the species and generic 
data, but include marine vertebrates, which do not appear in the 
other two data sets. 


Patterns 


The strong similarities among the data sets lead us to conclude 
that all five estimates of Phanerozoic taxonomic diversity are 
measuring a single underlying pattern that is reflected at both 
local and global scales and at various taxonomic levels in the 
marine fossil record. Judging from the elements shared by all 
data sets, this common pattern is: (1) low diversity during the 
Cambrian period; (2) higher but not persistently increasing 
diversity through the post-Cambrian portion of the Palaeozoic 
era; (3) low diversity in the early Mesozoic era (especially the 
Triassic period); (4) increasing diversity through the Mesozoic 
leading to a Cenozoic (Tertiary) maximum. 

Bambach’ recognized essentially the same pattern in his 
observation of ‘multiple equilibria’ in his data on species rich- 
ness. Differences principally involve transitional diversities: he 
placed the Ordovician, which is probably transitional between 
the Cambrian and later Palaeozoic diversities‘’’’, with the 
Cambrian, and he included the Jurassic and Cretaceous, which 
are transitional between the Triassic low and the Cenozoic high, 
with the Palaeozoic. Similar patterns were also indirectly 
recognized by Raup” and especially Sepkoski'*"’” in analyses of 
sampling biases in Raup’s’ species data. Multiple regressions of 
species diversity on measures of sampling efficiency (specifically 
global sedimentary rock volume or outcrop area) and of expanse 
of epicontinental seas generated consistently negative residuals 
for Cambrian and Triassic diversities and positive residuals for 
Tertiary diversity; these residuals correspond to the lows and 
high reflected in all data sets in Fig. 1. 
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Table 2 Correlations removing the influence of time from the esti- 
mates of Phanerozoic marine diversity 





A Trace fossils —~0.784| — 0.667 (0.214) 0.611 (0.444) 
B Species per Myr —0.708) 0.783 — 0.571 0.867 0.644 
C Species richness ~—0.683)(0.352) 0.885 — 0.714 0.714 
D Generic diversity —0.771| 0.805 0.978 0.888 — 0.689 
E Familial diversity —0.767, 0.676 0.851 0.900 0.850 — 
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The column labelled ‘Time’ lists linear product-moment correlation 
coefficients between the diversity estimates and the ages of the geologi- 
cal systems, measured as the time from the Recent (0 Myr) to each 
system’s midpoint. The matrix to the right lists partial linear correlations 
(below) and Kendall’s rank correlations (above), obtained by correlating 
residuals from linear regressions of diversity estimates on time. 
Coefficients enclosed in parentheses are not significantly greater than 
zero at the 0.05 confidence level. 
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Older estimates of Phanerozoic taxonomic diversity also 
exhibit patterns commensurate with the data sets in Fig. 1. For 
example, Sepkoski’s data set on familial diversity is pre-dated by 
comparable series-level data published by Newell*’ and Valen- 
tine*'. These latter data sets, which were based on an older 
taxonomic and stratigraphical literature, still correlate highly 
with Sepkoski’s familial data at the series level; Newell's data 
(with terrestrial vertebrates removed using information, from 
Romer’) correlate with a magnitude of 0.934 (partial r = 0.880 
with time removed), and Valentine’s data correlate with a 
magnitude of 0.953 (partial r=0.942). Even the oldest 
compilations of diversity in the fossil record bear strong resem- 
blance to the modern estimates. Data taken from the 
Phanerozoic diversity curve published by Phillips?” in 1860 
possess an average correlation of 0.869, and an average partial 
correlation with time removed of 0.693, with the five data sets in 
Fig. 1. These relationships suggest that while increased syste- 
matic and stratigraphic knowledge may have enhanced the 
accuracy and resolution of diversity data (see, for example, ref. 
24), time has not substantially altered the fundamental patterns 
seen in the data. 

The only estimates of fossil marine diversity that do not show 
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patterns like those in Fig. 1 involve taxonomic categories above 
the familial level. Ordinal data sets published by Simpson”, 
Valentine”! and Sepkoski** show low numbers of orders in the 
Cambrian and no strong trends through the later Palaeozoic, but 
none shows a marked increase in diversity in the post- 
Palaeozoic; in fact, Valentine’s data show a major decline in 
numbers of orders following the Palasozoic. The reasons for 
these differences are not entirely clear but may involve the 
tendency for morphologically distinc: groups of animals to 
appear rapidly during the early phases of major evolutionary 
radiations”? ; such groups tend to become extinct rather quickly 
if they fail to diversify internally'°*. Thus, as Valentine” has 


argued, the magnitude of post-Cambrian diversity portrayed in T 


the ordinal data sets may indicate more the variety of distinct 
morphological types produced during the early Palaeozoic 
radiations rather than the actual patterns of low-level taxonomic 
diversity that seem to be reflected in Fig. 1. 
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A recently discovered series of mollusc faunas from the late Cenozoic of the eastern Turkana Basin constitutes one of the best 
documented metazoan fossil sequences. Evolutionary patterns in all lineages conform to the ‘purctuated equilibrium’ 
model; no ‘gradualistic’ morphological trends occur. These faunas provide the first fine-scaled palaeontological resolution 
of events during speciation: fundamental phenotypic transformation of both sexual and asexual taxa occurs rapidly, in 
comparatively large populations, and is accompanied by a significant elevation of phenotypic variance. This increase in 


variance reflects extreme developmental instability in the transitional populations. 





THE 400 m sequence of late Cenozoic deposits east of Lake 
Turkana in northern Kenya, discovered’ by Leakey in 1968, 
comprises the Plio-Pleistocene Kubi Algi, Koobi Fora and 
Guomde Formations, and the Holocene Galana Boi Beds’. In 
addition to important palaeoanthropological’, archaeological’? 
and vertebrate palaeontological* material, these deposits have 
recently yielded a uniquely well documented sequence of lacus- 
trine mollusc faunas. The faunas have important implications for 
present evolutionary controversies, as they provide the first 
detailed palaeontological documentation of events during allo- 
patric speciation. 

Mollusc faunas are scattered throughout 1,000km of 
exposures east of Lake Turkana and occur in laterally extensive 
lensoid accumulations 0.001-1 m thick. These accumulations 
have a matrix ranging from coarse silt to coarse sand grade, and 
are separated by finer-grained intervals devoid of molluscs. The 
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190 faunas reported here consist of various prosobranch, 
pulmonate and bivalve lineages, and represent both life and 
death assemblages in various shallow lacustrine and pro-deltaic 
settings. 

Various features make this sequence particularly useful for 
investigating evolutionary patterns: the molluscs are well 
preserved and abundant, the units in which they occur are 
generally unconsolidated, and because most of the species 
lineages in the section are still extant, reasonable inferences can 
be drawn concerning the ‘soft’ biology of their fossil represen- 
tatives from the Turkana Basin sequerce. In biological and 
taxonomic terms, these mollusc lineages comprise an extremely 
heterogeneous assemblage (see Table 1); this heterogeneity 
allows useful comparisons to be made of evolutionary patterns 
in taxa varying widely in autecology, reproductive strategy and 
size. In particular, evolutionary patterns in both sexual and 
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asexual taxa can be compared. The 19 species lineages in the: 


section represent 18 genera and 12 families, thus ancestor— 
descendant relationships between species lineages and their 
derivative taxa are unambiguous. Because the molluscan shell 
accretes terminally and is normally unmodifiable after deposi- 
tion, each shell is a comprehensive record of individual 
development, and it is therefore unnecessary to construct mass 
curves to study changes'in patterns of ontogeny during evolu- 
tion. A useful general scheme for the quantification of shell form 
is available*. Finally, previous extensive geological investiga- 
tions in the Turkana Basin mean that the mollusc sequence can 
be studied within a well documented chronostratigraphical and 
palacoenvironmental context. A comparative’ evolutionary 
study can be made within a quasi-experimental context. 


Collection and treatment of material 


Of the 19 species lineages, 13 were common enough for a 
biometric analysis. 2-10 kg of shell-bearing sediment were 
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Fig. 1 Goneralired chronostratigraphy 
of late Cenoroic deposits of the eestern 
Turkana Bann and stratigraphical dis- 
tribution of mollusc faunas. Geophymecal 
ago Cate and generalized stratigraphy are 
from vanou, #ourcos?™ . On the 
extreme left b shown the world goomag- 
netic polarity time scale, to the right of this 
is the polarity sequence observed m the 
eastern Turkana Basm. Generalized stra- 
89 tigraphıcal column shows tui 

horirons and (to the nght) "Ar/“Ar or 

K/Ar age determmations of the tuffs. A, 

Alla tuff, H, Hasume tuff, S, Surege: tuff, 


the right half of the diagram. These latter 

5 sochons show the stratigraphical order of 

C mollusc faunas, the metre scale refers to 

76 scion 2-6 Faunes A-D are from 
deposits thought to pre-date the Kubi 

Algi, or to correspond to a lower level af 

75 that unit (fauna A, Casa Waterhole 
section”, fauna D, deposits at Sibdoit’®, 

faunes C, D, Warata Formation). The 

rolative stratigraphical order of these 

74 faunas is unknown, as is the order of 
faunas ACT from the relatively thin 

' Galana Bol Beds The stratigraphical 

order of faunas 1-92 s determined by the 

distanco of their upper surfaces from the 

bascs of the named tuff units, as measured 

in the various local secbons Faunas X and 

Y come from jow down in the Lower 

Member, but their precise position is 

73 unclear Most of the faunal units are 
_ <0 25 m thick a, b, c and so on denote 


6 afb from the same mollusc-bearing unit, but 


72 afb from different localities, cartier letters in 
the alphabet denote more southerly loca- 
boos. ] and u denote samples from the 
basal and upper thirds, respectively, of a 

given faunal unt 
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extracted from each fauna, from which I selected random 
subsets of individuals representing the various species lineages. 
20-30 individuals of each lineage in the sample were usually 
measured but shell breakage sometimes reduced this number. 

Images of selected shells were projected onto a System-2 
D-MAC digitizing table, and 5-24 (average 18) measurements, 
depending on the lineage studied, were made for each shell. 
These measurements included the cartesian coordinates of 
specific points on the shell, and the areas, perimeters and 
geometric centroids of the generating curve and muscle scars. 
5-20 (average 15) parameters were derived for each individual 
from the original measurements, and formed the basis of the 
biometric analysis and included approximations to Raup’s 
parameters’: W (whorl expansion rate), T (translation rate) and 
D (distance of generating curve from coiling axis), all taken at 
2-rad intervals down the coiling axis of each shell. Aspects of 
Raup’s parameter S (shape of generating curve) and details of 
shell sculpture were also recorded; for the bivalves, the derived 
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Table 1 Primary biological properties of mollusc species lineages from the Turkana Basin sequence 





Gonochor- Gonochor- 
istic istic 
(internal {external 
Deposit Suspension fertiliza- fertiliza- 
Infaunal Epifaunal feeder feeder tion) tion) 
x x x 
x x x 
x x 
x x x 
x x x 
x x 
x x 
x x x 
x x x 
x x x 
x x x 
x x x 
x x x 
x x x 
xX x x 
x x x 
x x x 
x x x 
x x x 
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Modal 
Facultative Permanently adult 
herma- thelyto- length 
phrodite kous imm) 
30 Bellamya unicolor* 
65 Pila ovata 
x 4 Valvata sp." 
2.5 Gabiella senaariensis” Prosobranchs 
17 Cleopatra ferruginea* 
x 15 Melanoides tuberculata” 
x 8 Bulinus truncatus? 
55 Gyraulus costulatus Pumonates - 
3 Burnupia sp. 
35 Caelatura (Caelatura} bakeri” 
30 Caelatura (nitie) monceti* 
16 = Pseudobovaria sp.* 
160 Aspatharia arcuta 
110 Mutela nilotica* Bivalves 


100 Pleiodon sp.* 
140 Etheria elliptica 


14 = Corbicula consobrina” 
2 Pisidium (afropisidium) pirothi 
7 Eupera ferruginea” 


PAAA ATNEAN AAAA AANEEN APANTARITA ARANAN anaana aaa AA ananamaaaaaaaa aaaaaaaaiaaiaiaaa A ET TT ENESE NEA eT TT TT DR eT NTT 


Data are from various sources. 
* Taxa used in the biometric analyses. 


parameters also included descriptions of shape, relative size and 
disposition of the muscle scars and hinge features. Some 3,300 
individuals representing 13 lineages were measured. Canonical 
variate and principal component analyses were performed on 
the derived parameters for each species lineage. 

The Turkana Basin sequence is punctuated by a prominent 
series of tuffaceous horizons. The bases of these tuffs are iso- 
chronous, laterally extensive and mappable‘, and they form the 
basis of the regional chronostratigraphic framework’. Mollusc 
faunas were therefore stratigraphically ordered by surveying 
them into tuff bases. This ordering of the faunas assumes that 
sedimentation rates in the contiguous areas from which they 
were collected were similar—apparently the case—and that the 
various tuffs have been correctly correlated throughout the 
areas of exposure. Some correlations between tuffs have been 
questioned on the basis of (vertebrate) biostratigraphical evi- 
dence’, but these problematic correlations are not generally in 
areas yielding the molluscan faunas. 


Patterns of evolutionary change 


Despite the variation in autecology, reproductive strategy and 
size of the lineages, their patterns of evolutionary change are 
fundamentally identical. Figures 2 and 3 summarize aspects of 
this pattern for the prosobranch Bellamya unicolor (Olivier). 
Canonical variate analysis indicates that populations from the 
Kubi Algi and pre-Kubi Algi, from most levels in the Koobi Fora 
Formation and from the Galana Boi Beds group together (Fig. 
2). All individuals from these populations are readily referred to 
the extant species B. unicolor. Despite the long-term stasis 
shown by the B. unicolor lineage during the later Cenozoic, 
three stratigraphically circumscribed but important morpholo- 
gical excursions occur during this period: at the Suregei tuff 
level, in the Lower Member of the Koobi Fora Formation and in 
the Guomde. At the Suregei tuff (Fig. 1), populations of 
Bellamya from faunas 12b and 12c consist exclusively of a novel 
and highly distinct form. Populations morphometrically inter- 
mediate between this unusual form and typical B. unicolor occur 
in faunas 8 and 11, just below the base of the Suregei tuff. 
Another morphological excursion occurs in faunas 27 and 29 in 
the Lower Member of the Koobi Fora Formation: here a second 
novel form of Bellamya occurs together with typical B. unicolor. 
A third excursion is documented by fauna 88 in the Guomde, 
where populations consist exclusively of a third novel form of 
Bellamya. Although Fig. 2 suggests that the Guomde popu- 
lation resembles that of the aberrant Suregei tuff level, it is in 
fact displaced away from them along the third canonical variate: 
in terms of generalized distance (Mahalanobis’ D°”), the 
Guomde population is equidistant from the latest Suregei level 


Bellamya (6.25 units from population 12c}) and the nearest 
typical B. unicolor population (6.35 units from population 30). 
Intermediates between typical B. unicolor and the divergent 
Bellamya morphs in faunas 27 and 29, and in fauna 88, are 
unknown. 

As suggested by Fig. 2 and confirmed by comparisons with 
museum collections of recent B. unicolor material, all three 
novel morphs of Bellamya lie outside the narrow phenotypic 
range of B. unicolor. The profound differences in shell geometry 
of these divergent forms are at least as great as those charac- 
teristic of different extant Bellamya species. However, the 
presence of the intermediate forms at the Suregei tuff level and 
the absence of other potentially ancestral forms of Bellamya in — 
the late Cenozoic of north-east Africa indicate that all three 
divergent morphs of Bellamya in the section are derivedfrom B. = 
unicolor, although the details of this derivation are only docu- 
mented at the Suregei tuff level. 

Figure 3 shows aspects of a principal component analysis of 
the morphological excursion in the B. unicolor lineage at the 
Suregei tuff level. As suggested by the canonical variate analysis, 
populations from faunas 8, 11 and 12 show rapid movement 
away from typical B. unicolor morphology. There are also 
significant changes in phenotypic variance during this period of 
morphological transformation. The intermediate population 8, 
the centroid of which is 6.66 generalized distance units away 
from the latest divergent Bellamya population (12c), shows 
substantial overlap with both typical B. unicolor and the latest 
derivative Bellamya morphs (Fig. 3). However, population 8 a 
displays a striking elevation of phenotypic variance (the summed 
variance of all measured parameters). Total phenotypic variance 
in population 8 is 45.5, which is significantly greater at the 2 








level (one-sided F-test)'° than that of populations of 
unicolor from elsewhere in the section (average varianc 
range 5.4-12.3). As discussed below, increase in phenotypic. 
variance reflects major developmental instability in this tran- 
sitional population. Population 11, 4.39 generalized distance- 
units away from the latest derivative Bellamya of fauna 12c, 
shows greater overlap with this population than fauna 8, but less. 
overlap with typical B. unicolor. However, population 11 has a. 
phenotypic variance (12.7) comparable with that of typical X. 
unicolor, despite its intermediate morphology. The latest diver- 
gent population from the Suregei tuff level, from fauna 12e, is 
~6.9 generalized distance units from the nearest population of 
typical B. unicolor (population 30) and forms a completely 
non-overlapping cluster with typical B. unicolor, however, the. 
variance (18.5) of fauna 12c is comparable with that of typical 
B. unicolor. The general picture of events in the Bellamya 
lineage at the Suregei tuff level is one of rapid morphological 
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transformation, initially accompanied by a major increase in 
phenotypic variance. However, faunas overlying this period of 
transformation (fauna 13 and above) yield populations of typical 
B. unicolor. 

The general pattern of phenotypic change exhibited-by the B. 
unicolor lineage is summarized in Fig. 4, which also indicates 
similar patterns for all other well documented molluse lineages. 
Major phenotypic transformations occur simultaneously in all 
lineages at the Suregei tuff level. For B. unicolor, Melanoides 
tuberculata and Caelatura bakeri this change involves a 
significant initial increase in phenotypic variance (in fauna 8 
in Bellamya and Caelatura, and in faunas 8, 9 and 11 in 
Melanoides). Subsequent transformation is accompanied by 
reduced levels of phenotypic variance, comparable with those of 
typical ancestral populations of the species lineage. In Gabbiella 
senaariensis and Cleopatra ferruginea the peak of phenotypic 
variance does not occur until the latest divergent faunas (faunas 
12a-d) and its subsequent decline is therefore not documented. 
A major phenotypic transformation is documented for Pseudo- 
bovania sp. A., Caelatura monceti, Corbicula consobrina, Mutela 
nilotica and Eupera ferruginea, but populations intermediate 
between typical representatives of these species lineages, and 
their distinctive derivatives at the Suregei tuff level, are too 
poorly documented for analysis of change in phenotypic vari- 
ance, By fauna 12, all lineages present have transformed such 
that, in terms of individual morphology, they constitute 
completely non-overlapping clusters with the typical ancestral 
forms: the fauna as a whole is unique’and endemic to the 
Turkana Basin. A similar series of events occurs in the Guomde 
Formation: all representatives of the various species lineages are 
endemic and distinct, but the angular unconformity between the 
uppermost Koobi Fora and the Guomde precludes documen- 
tation of intermediate forms. 

As indicated in Fig. 4, immediately above the Suregei tuff 
level there is an abrupt reversion to ancestral morphology in all 
species lineages. No intermediates are known. Subsequently, in 
the Lower Member of the Koobi Fora, there is a minor adaptive 
radiation in several lineages. Novel endemic forms suddenly 
enter the record and coexist with their parent forms. However, 


in Melanoides, various novel morphs arise sympatrically, via ` 





Fig. 2 Summary of canonical vanate analyses of 49 
populabons of the B wucolor species lineage from the 
late Cenozoic of the Turkana Basin. Analyses based on 
16 parameters derived from 16 onginal measure- 
ments, for each of 761 individual specrmens Popu- 
lation centroids are plotted on to the first two 
canonical variates (CV1 and CV2), which together 
explain -60% of the total vanance Population mum- 
bers correspond to fauna numbers in Fig 1. (See 
drcussion in text.) 
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intermediate forms. This phenomenon, described in detail 
elsewhere’, apparently represents a gradual clonal radiation in 
this asexual form. All novel Lower Member lineages are 
terminated by climatically induced regression!" and the 
consequent increase in alkalinity’>’* in the uppermost Lower 
Member. Intralacustrine endemic radiations such as that 
documented in the Lower Member of the Koobi Fora are known 
from many modern rift lakes, 


Implications 


A persistent problem in evolutionary biology has been the 
absence of intermediate forms in the fossil record. Long-term 
gradual transformations of single lineages are rare” and 
generally involve simple size increase or trivial phenotypic 
effects’? *°. Typically, the record consists of successive ancestor— 
descendant lineages, morphologically invariant through time 
and unconnected by intermediates. Eldredge and Gould?” have 
suggested that this ‘punctuated equilibrium’ geometry of phy- 
logeny is a logical outcome of several postulated allopatric 
speciation mechanisms, particularly Mayr’s*’ ‘founder effect’ 
speciation model. This model considers that homeostatic 
mechanisms and gene flow prohibit significant evolutionary 
change in large panmictic species populations, but in small, 
stressed, geographically isolated populations, homeostatic 
mechanisms break down during ‘genetic revolution’ and rapid 
evolution may ensue”’. The abrupt entry of new lineages into the 
fossil record therefore represents immigration from isolated 
sites of origin; the small size and ephemerality of the populations 
in which cladogenesis occurs normally preclude palaeontologi- 
cal documentation of speciation and associated intermediate 
forms". The phylogenetic geometry of molluscan lineages from 
the Turkana Basin sequence clearly conforms to the punctuated 
equilibrium model: long-term stasis in all lineages is punctuated 
by rapid episodes of m ajor phenotypic change. No ‘gradualistic’ 
morphological trends” occur in any lineage. The long-term 
temporal stasis in phenotype documented in both sexual and 
asexual lineages is paralleled by the geographical stability in 


phenotype exhibited by their widely distributed modern 


representatives; shell form in the lineages studied is normally 
highly ‘heritable’ (the extreme ecophenotypic variability of 
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freshwater Bassomatophora is not typical of the gastropods 
studied here, most of which are prosobranch species charac- 
terized by narrow phenotypic ranges in modern faunas). 

Events during the radiation of several lineages in the Lower 
Member of the Koobi Fora are typical of the fossil record in that 
intermediates between derivative and ancestral taxa are not 
documented. However, events at the Suregei tuff and Guomde 
levels are significant in that they provide, for the first time, 
details of allopatric speciation during the ‘punctuation’ of 
cladogenesis; they allow an unprecedented resolution of the fine 
structure of events during speciation. Previous documentation 
of phenotypic divergence within lineages has involved sympatric 
stocks and has been interpreted as long-term character dis- 
placement after unrecorded allopatric speciation events (for 
example, see refs 22, 23). Although Ovcharenko™ has claimed 
to document allopatric derivation of the brachiopod Kutchithy - 
ris euryptycha from K. acutiplicata in a Bathonian section in the 
Pamirs, no biometric data are available for this supposed tran- 
sition and the significance of these faunas is unclear. 

The events at the Suregei tuff and Guomde levels clearly 
document speciation within peripheral isolates. Major pheno- 
typic transformations, of at least as great a magnitude as those 


Fig. 3. Summary of principal com 
ponents analysia of indivxinals st th the 
B. wascolor yenes Imeage from popu- 
latons at and below the Surege: tuff level, 
represented by open circles, plotted on to 
the first two components (PCP1 
and PCP2), which together explain ~45% 
of the total vanance, © And © represent 
individuals from five successtve faunas 
spannmg the marked phenotypic trans- 
formation documented at the Surege: tuff 
level a, Individuals from fauna B (@) and 
from fauna 3 (@); b individuals from 
fauna 8b (@), c, mdrviduals from fauna 11 
(@), d, mdyvxłuals from fauna 12¢ (@) 
Note the rapid shift in phenotype from the 
ancestral B unicolor morphology (in the 
left-hand half of the plot) to the divergent 
form from fauna 12c (to the right). Note 
alo the initial increase in phenotypic 
varrance during this transformation, 
reflected in the wide scatter of indrvidual 
selon from population 8b. The 
bivariate diagrams above and below the 
plots show successive ontogenetic valucs 
of W (whorl expension mte) and T 
(translation rate)’ for selected represen- 
tative individuals The curve shown fs the 
function T=2VW/(W-1) The sobd 
point at the end of each W/T track 
Indicates the carliest measured point in 
ontogeny. These tracks record W and T 
values at three succesarve, equivalent, 24 
radian mtervals down the shell (over the 
last four whoris), Individuals to which the 
W/T plots and sketches refer are 
iden trfted on the PCP plots by the letters a, 
6, and soon Note the derangement of the 
WIT tracks in the phenotypreally variable 
intermediate population 8b (See dis- 
cuon in text.) 
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now characterizing different extant biological species of the 
genera concerned, occur almost simultaneously in all lineages at 
these levels, but typical, unaltered representatives of the various 
ancestral lineages are known from other, contemporaneous East 
African sites throughout the late Cenozoic’. The phenotypic 
shifts at the Suregei tuff level are continous, unidirectional and 
must (from general section thickness estimates) have taken 
5x10°-510* years to accomplish’®. I believe that these 
considerations, together with the long-term temporal stasis in 
morphology exhibited by these lineages and their current 
morphological stability in a diverse range of modern environ- 
ments, preclude the possibility that such dramatic phenotypic 
shifts are in any sense ‘non-genetic’ or ecophenotypic. 
Although several aspects of Mayr’s ‘founder effect’ model” of 
speciation have been challenged recently > 7, the pattern of 
phenotypic change at the Suregei tuff level—rapid directional 
change in morphology initially accompanied by extreme 
developmental instability—agrees with important aspects of 
Mayr’s model, As indicated above, Mayr emphasized both 
geographical isolation and environmental streas as important 
‘triggers’ for speciation. Speciation events at both the Suregei 
and Guomde levels coincide with major lacustrine regressions, 
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when faunas in the basin are likely to have been both isolated 
and under stress. Stunting of faunas immediately before the 
Suregei level and the small number of lineages in the Guomde 
may reflect stress at these levels. Lacustrine transgression after 
these regressive phases coincides with reinvasion of ancestral 
stocks into the basin and elimination of the derivative taxa (Fig. 
4): Mayr considers this pattern of events to be the common fate 
of new species in geographical isolates*’. In addition, increase in 
phenotypic variance during allopatric speciation, as documen- 
ted at the Suregei tuff level, has been predicted as a consequence 
of Mayr’s founder effect model by Levins", who suggests that 
developmental instability, due to breakdown in canalization of 
individual ontogeny, is a likely concomitant of disruption of 
homeostatic mechanisms during the ‘genetic revolution’ 
accompanying speciation (see also refs 26, 27, 29). The mollus- 
can shell is a terminally accreting structure, and the increase in 
phenotypic variance documented at the Suregei tuff level there- 
fore reflects disruption of patterns of individual ontogenetic 
development (this is graphically illustrated by plots of Raup’s 
parameters’ W and T during ontogenesis—see Fig. 3). 
However, two major aspects of events at the Suregei tuff and 
Guomde levels are clearly at variance with Mayr’s model: (1) the 
(obligatory) asexual taxon M. tuberculata™™™ shows a pattern of 
evolutionary change identical with other sexual species, at both 
the Suregei tuff and Guomde levels; and (2) evolutionary change 
at the Suregei level, although occurring rapidly, occurs over a 
large area and in thick faunal units containing many millions of 
individuals. 

Both these observations question the significance of genetic 
drift, founder effect and inbreeding as mechanisms for triggering 
breakdown of homeostasis and speciation in geographical iso- 
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Fig. 4 Generalized summary of patterns 
e of evolutionary change in the Turkana 
Basin mollusc sequence. On the left is a 
generalized stratigraphical section as in 
Fig. 1. The heavy line on the extreme left 
of the diagram is a generalized ‘trans- 
gression (T)-regression (RY line based on 
various sources”''~**. The lighter vertical 
line corresponds to a lake level which is 
largely the same as the present level. 
Heavy vertical lines in the main part of the 
diagram indicate the time ranges of the 
various species lineages. Broken heavy 
lines at the Suregei tuff level in some 
lineages indicate poorly documented 
speciation events. Only the commonest 
morphologies developed during the 
extensive sympatric radiation of the 
asexual form Melanoides tuberculata in 
the Lower Member are indicated. Some 
species lineages are not known from the 
lower- and mid-Kubi Algo Formation, but 
are known from either pre-Kubi Algi 
sections in the eastern Turkana Basin, or 
from the Mursi Formation in the Omo 
sequence to the north of the basin (D. 
Vandamme, personal communication). 
Biostratigraphical evidence (P.G.W., 
unpublished results} indicates that the 
latter sequence overlaps with the lower- 
and mid-Kubi Algi. Although Cleopatra 
ferruginea is unknown from the Galana 
Boi, this species is extant in other areas of 
East Africa. Note that sketches of 
representative shells are not all drawn to 
the same scale. (Species lineages whose 
trivial names are not given isp.) are now 
being described by Dr D. Vandamme.) 
The principal evolutionary events docu- 
mented in the section are (1) the 
simultaneous speciation events m all 
lineages at the Suregei tuff and Guomde 
levels of the basin (indicated by heavy 
arrows} and (2) the adaptive radiation of’ 
several stocks in the middle part of the 
sequence (Lower Member of the Koobi 
Fora Formation). 


Galana 
Goumde | Boi 








lates. Moreover, the events in the asexual taxon Melanoides 
question the conventional assumption that the significance of 
geographical isolation to speciation is blockage of gene flow 
(gene flow may in any case be an insignificant phenomenon, even 
in sexual species)**. I propose elsewhere’? that geographical 
isolation is a prerequisite for speciation in that it shields 
transitional populations, vulnerable due to developmental 
instability, from competition with their unaltered ancestral taxa. 
The power of density-dependent stabilizing selection (the 
competitive vulnerability of phenodeviants to more ‘modal’ 
phenotypes), well documented by laboratory work’ and by 
observations of natural populations”, is relevant here. 

Apart from the tantalizing insights into speciation 
mechanisms offered by the Turkana Basin sequence, it has 
two more general implications for evolutionary theory. The 
documented restriction of significant evolutionary change to 
speciation events indicates that the underlying unit of macro- 
evolutionary change is the species. The fact that evolutionary 
change at the species level is shown to be punctuated and 
achieved by ‘revolutionary’ periods of extreme developmental 
instability strongly supports the notion that speciation is a 
qualitatively different phenomenon from gradual, intraspecific 
microevolutionary change?” 

This work was carried out at the University of Bristol and was 
supported by a NERC studentship to P.G.W. and a NERC 
research grant to Dr R. J. G. Savage. I thank Dr R. J. G. Savage, 
Miss A. P. Gotto, Mr R. E. F. Leakey, Mrs Suzanne Evans, Mr I. 
J. Metcalfe and all members of the Koobi Fora research project. 
Professors J. Maynard Smith, S. J. Gould and E. Mayr provided 
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Rapid rotation of the solar interior 
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The observation of line-of-sight velocities of the solar surface by 
means of Doppler shift measurements of the Fraunhofer 
abeorption Enes, using optical resonance scattering, has proved 
a useful technique in solar physics enabling the discovery of long 
period solar oscillation’, the discrete, regular structure ia the 
S-min oscillation? and, 2s we report here the splitting of this 
stractore by rotational effects. A measarement of the splitting of 
the discrete lines in the 5-min oscillations of the solar surface 
produced experimental evidence for the rapid internal rotation 
of the Sun. These data demonstrate that the Sun does not rotate 
uniformly but that the ‘core’ of the Sun rotates 2-9 times as 
rapidly as the observed surface rotation. The number of 
components into which the Ines are split abo allows unam- 
biguows identification of 11 examples of cach of the / = 0, /=1 
and / = 2 modes in the frequency range 2.40-3.85 mHz. 

Each phenomenon discovered by Doppler shift measure- 
ments has yielded unexpected information in view of the then 
current theoretical models of the Sun. The long period oscil- 
lation (160 m), also found” using a different technique, is more 
than double the gravest radial mode predicted by linear oscil- 
lation theory and is stil] not understood. The global nature and 
large Q or long coherence time of the 5-min oscillations a 
contrary to what had, until demonstrated experimentall 
widely believed‘, even after the work of Deubner et al’. 

The possibility of a Sun with a rapidly rotating core was 
suggested by doubts about the measurements of the rotation of 
the perihelion of Mercury, as a test of Einstein’s general theory 
of relativity, due to the solar oblateness measurements of Dicke 
and Goldenberg’, and the existence of the scalar—tensor theories 
of gravitation’. Solar oblateness might imply a significant solar 
gravitational quadrupole moment which would contribute, 


through purely newtonian effects, to the rotation of the peri- 
helion of Mercury and thereby destroy the apparent agreement 
between general relativity and observation’. 

Although the oblateness measurements could be interpreted 
in terms of a core of 0.56 solar radii with a uniform angular 
velocity 19 times that of the surface, another measurement 
indicated a spherical Sun’. 

Other points of interest in rapid rotation are the distribution 
and transport of angular momentum in rotating fluids’**’, the 
formation of planetary systems’’, the solar wind braking and the 
lithium and beryllium concentrations as a function of stellar 
age”. The problem is also relevant to theories of differential 
solar surface rotation'*’*, the dynamo theories of solar 
magnetism’® and the solar neutrino question”. 

Ledoux” demonstrated that oscillations of a uniformly rotat- 
ing fluid body would be split into (2/+ 1) components where / is 
the mode of the spherical harmonic. The resulting frequencies 


are given by 
n 
v= ymi- Cu) — m=0,1,2,...,/ (1) 
2a 
where m is the azimuthal spherical harmonic index, Cw is a 
positive constant $0.2 which depends on the equilibrium 
structure of the body and on the mode (n, D) considered, and Nis 
the angular velocity. 


Table i1 The central frequencies for lines in the range 2.40-3 85 mHz 





Radial Yad Frail Fn, 

overtone (mHz) (mHz) (mHz) 
16 2.425 2.487 
17 2.496 2.559 2.620 
18 2.629 2.692 2.755 
19 2.763 2.829 2.888 
20 2.897 2.964 3.025 
21 3.033 3.099 3.160 
22 3.168 3.234 3.294 
23 3.303 3.370 3.430 
24 3.437 3.504 3.568 
25 3.576 3.640 3 704 
26 3.710 3.777 3.839 
27 3.848 





See text for tentative a value assignment. 
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Rotational splitting was verified experimentally for the 
Earth’s normal modes of vibration excited by the Chilean 
earthquake’? and the possibility of observing it in the solar 
context was pointed out’ and has been searched for in the case of 
high / value (/ + 200) solar oscillations”. 

Thus, given sufficient resolution, the /=0 mode should 
appear as a singlet, the / = 1 mode asa triplet, the / = 2 mode asa 
quintuplet and so on, each with a splitting of 0.4 Hz if the Sun, 
rotating uniformly, were viewed from the Earth. However, 
when the full solar disk is observed, certain components may be 
reduced in amplitude or entirely absent, due to symmetries. Any 
greater observed splitting would indicate a more rapidly rotating 
solar interior, the exact value of which would depend on how the 
solar oscillation averaged these regions of differing angular 
velocity. 

When considering a non-uniformly rotating body, Q must be 
replaced by a suitably averaged angular velocity ©. If the 
angular velocity is a slowly varying function of r only and large n 
and low | modes are considered: 


= re Qir) If 1 
T “ 
Q= | Rn dr re dr (2) 


where v(r) is the velocity of sound”’. 

In addition to the rotational splitting, magnetic fields will 
cause asymmetries of the splitting”, however, fields of several 
megagauss are required to produce an observable effect. 

An improved version of the Doppler shift optical resonance 
spectrometer” was used to record data on 28 contiguous days 
from 21 July to 17 August 1980 at the Teide Observatory on 
Tenerife. The basic measurements consisted of determinations 
of the resonantly scattered intensities corresponding to the two 
wings of the 769.9-nm Fraunhofer absorption line of neutral 
potassium. These data were recorded at 0.5-s intervals and 
subsequently transferred to digital magnetic tape together with 
timing information from a crystal clock. The mean line of sight 
velocity over a 42-s interval was then calculated from each day's 
data, and after subtraction of the velocities due to the Earth’s 
rotation, orbital motion, the gravitational redshift, and other 
steady shifts’, yielded a set of residuals for further analysis: 
271 h of data were recorded giving 23,252 values, each with its 
appropriate time record. This data set was then subjected to an 
iterative sine wave fitting program with a frequency increment of 
0.1 pHz, the frequency range covered was 2.40-3.85 mHz. 

Because data are only recorded during daylight hours the data 
string has a 24-h amplitude modulation, which results in the 
appearance of side-bands displaced by 11.57 Hz from the 
frequencies present in the data. This not only makes the cal- 
culated frequency spectrum difficult to visualize, but the side- 
bands may actually interfere with lines present in the data thus 
effectively reducing their apparent contribution. However, the 
line frequencies and their side-bands are related both in 
frequency and phase and thus the output from the sine wave fit, 
giving amplitude, frequency and phase, can be fully used to 
identify the lines present in the original data. 

This procedure identified 33 lines which are listed in Table 1. 
Close examination showed that certain lines were split into 
triplets, others into quintuplets and another class was not split at 
all. Consequently these lines were identified as the /=1, /=2, 
and /=0 modes of the spherical harmonic. Although the 
centroids of each line could be determined to 0.1 »Hz, line 
pulling effects due to residual curvature in the data and the 
presence of noise limited the accuracy to an estimated 0.7 pHz 
so that values are only quoted to the nearest pHz in Table 1. The 
radial overtone, n, cannot be directly determined, but from a 


Bao Oat Ua Rneio 
| 
0 65.3 126.9 135.2 

Frequency (aHz) 


Fig. 1 The relative mean spacings of the central frequencies for 
the /=0, 1, 2 lines in the frequency range 2.40-3.85 mHz. 
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Fig. 2 Superposed frequency spectra for : a, the / = 1 line assum- 

ing a fixed frequency separation of 135.2 wHz; b, the /=1 line 

based on the central component; c, the / = 0 and / = 2 lines based 

on the /=0 line, where /’=0 is the / = 0 side band displaced by 
11.6 Hz. 


comparison of the measured frequencies of the various 
identified modes with those calculated by Scuflaire et al.™, 
values for n as shown in Table 1 were assigned. 

These values agree well with those previously found” and the 
mean frequency separation of each mode as well as the inter- 
mode spacings are given in Table 2. The ordering of the various 
modes and their spacings, illustrated in Fig. 1, are in fair 
agreement with those recently determined by Grec eral.°°. Note 
that the errors quoted in Table 2 refer to the standard deviation 
of the mean of the 11 values found for each mode and thus the 
estimated standard deviation of a single frequency value of 
0.7 pHz seems justified if it is assumed that the frequency 
separations remain constant over this frequency interval. These 
values emphasize that, of the current generation of solar 
models””?* only those with a heavy element abundance (Z) 
considerably below that of the standard solar model predict the 
observed frequency separations’’, yet a comparison of the 


- actual frequencies would favour a more standard Z value. The 


calculations of Scuflaire et al.” based on a standard solar model 
with a convective zone of increased depth do, however, give the 
present best fit to both the frequency separation and the actual 
frequency values. 
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Table 2. The mean frequency separations of the various / modes in the 
range 2.4~3.85 mHz 


Vn, O Fn -1,0 Paiva Vn, 2 Fn 1,2 
(uwHz) (Hz) (Hz) 
135.2+0.2 135.2+0.1 135.4+0.2 
Vn, Yn, 0 Bryn Pn+1.07Un,2 
(Hz) (HHz) (Hz) 
65.3+0.4 61.6+0.4 8.30.3 





A superimposed frequency spectrum for the / = 1 line assum- 
ing a mean spacing of 135.2 Hz is shown in Fig. 2a. The triplet 
structure of this line is clearly evident, however, due to the line 
pulling effects, an improved spectrum is obtained if the super- 
position is based on the central component of each triplet as 
shown in Fig. 2b. A similar procedure based on the frequencies 
of the / = 0 line produces the spectrum in Fig. 2c. A single peak 
of width 0.5 Hz is clearly resolved and the five peaks (2/+ 1) 
corresponding to the /= 2 mode are also evident. The effect of 
the 24-h modulation is illustrated by the /'=0 side band dis- 
placed by 11.6 Hz from the main / = 0 peak. The mean ampli- 
tude of the / = 2 frequency components is ~6 cms" and hence 
the effect of noise is more evident due both to unfavourable 
observing conditions during the 1980 season and a possibly 
noisy source as the measurements were made during the solar 
maximum. The widths of the /=0 and /=1 peaks (0.5 wHz) 
should be compared with the intrinsic resolution of the data set 
of ~1/T (0.43 pHz) where T is the length of the set in seconds. 
Hence the width observed is consistent with the intrinsic 
frequency resolution and thus indicative of high Q oscillations. 

Assuming that all the splitting determinations have equal 
statistical weight yields a mean value of 0.75 wHz. This should 
be compared with the anticipated uniform rotation value of 
0.4 Hz. The core of the Sun therefore indisputably rotates 
faster than the observed surface. Such a result eliminates some 
of the theories of differential rotations of the solar surface, as 
these require that the solar interior rotates more slowly than the 
surface’. If the radius of this high angular velocity core is almost 
that of the Sun then the core has approximately twice the surface 
angular velocity. The exact value will, however, depend on core 
radius, the depth of penetration of the p mode oscillation 
considered and the appropriate averaging of the effective 
angular velocity. As the radius of the core is decreased so its 
angular velocity increases. First-order calculations suggest that a 
core of 0.5 solar radii would, in terms of the observed splitting, 
have an angular velocity ~ 3 times that of the surface, and a core 
of 0.15 solar radii an angular velocity nine times that of the 
surface. These values fall far short of those required by Dicke™® 
and Roxburgh” to explain the quadrupole moment deduced 
from the solar oblateness measurements and the low solar 
neutrino flux, respectively. 

We thus tentatively conclude that the rotation of the interior 
of the Sun is rapid enough to be interesting in a solar and 
astrophysical context but appears far from rapid enough to 
contribute substantially to the quadrupole moment of the Sun. 

We thank Professor Sanchez of the Teide Observatory at 
izana, Tenerife for hospitality. This work was supported by an 
SRC grant and A.C. is grateful for the award of a SRC Research 
Fellowship. 
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We report here the observation of spontaneous light emission 
from molecular pyroelectric crystals which occurs when the 
crystal temperature is varied. We call this phenomenon pyro- 
electric luminescence (PEL). The intensity and time evolution 
of the light depends on several factors but is particularly sensi- ... 
tive to the pressure of air surrounding the crystal. This pressure 
dependence is similar for all the crystals and can be used to. - 
separate the luminescence into three classes. The distinguishing. 
features of these classes may indicate the existence of different 
mechanisms, 

A pyroelectric crystal is characterized by a unit cell with a net 
dipole moment, and, unlike a ferroelectric, the direction of the 


resulting lattice polarization cannot be changed by an external 


field’. The spontaneous polarization of such crystals is compen- 
sated by the acquisition of free charges from the surrounding .. 
medium, by the internal conduction of free charges™” and by the 
migration of surface charges. Heating or cooling such a crystal 
induces a polarization until the charge distribution again reaches 
equilibrium. During this time, the magnitudes of the resulting 
electric fields may be large enough to produce dielectric break- 
down in the ambient atmosphere and induce luminescence not 
only from the breakdown but also from the solid itself. 
Observations of this luminescence were made by using a 
variable temperature cryostat fitted with a photomultiplier tube. 
This apparatus permitted control of the pressure in the sample 
chamber and allowed the sample temperature to be increased or 





Table 1 Summary of observations 





Nineteen iinn Ratan hoe 


Compound Pyroelectric PEL >j 
N- Acetylanthranilic acid Yes Yes 
2,3-Dichloro-1,4-naphthaquinone Yes Yes 
2,3-Dibromo-1,4-naphthaquinone Yes Yes 
4,4'-Dibromobenzophenone Yes Yes 
4,4’-Dibromodiphenylether Yes Yes 
Phthalic anhydride Yes Yes 
m- Bromonitrobenzene Yes Yes 
Coumarin Yes Yes 
Resorcinol Yes Yes 
Acenaphthalene Yes Yes 
4,4'-Dimethylbenzophenone* No No 
Benzophenone* No No 
Benzil* No No 
Durene No No 
1-Indanone No No 
4,4'-Dichlorobenzophenone No No 
Tetrachlorophthalic anhydride No No | 
Tetrabromophthalic anhydride No No 


AIANEI NNTB EEOAE n Ta aAA TT TTT 
* Piezoelectric, but not pyroelectric, compounds, 
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decreased continuously at a selected rate. The crystals were 
-freely mounted on the cold finger of the cryostat with a paper 
sleeve or in other cases with a small amount of silicon grease to 


was monitored with a Au/Fe-chromel thermocouple. Most of 
the compounds studied were obtained from commercial sources 
-and were purified by recrystallization when the specified purity 
was <99%. Crystals were grown either from solution by 
“evaporation or from the melt by the Bridgeman technique. 
.. Both pyroelectric and nonpyroelectric crystals were 
„examined; the results are summarized in Table 1. Unlike the 
-nonpyroelectrics, including compounds that are piezoelectric 
‘but not pyroelectric, all the pyroelectrics exhibited lumines- 
cence when the temperature was varied gradually. The intensity 
and the time evolution of the emitted light is a function of the 
rate of temperature change, the size of the crystal and the 
pressure of the atmosphere surrounding the crystal. The air 
pressure in the sample chamber dramatically alters the intensity 
-and the time evolution of the luminescence and can be used to 
-group the luminescence into three broad classes defined by the 
pressure ranging from 1 atmosphere to 1 torr (class 1), 1 torr to 
1 mtorr (class 2), and <1 mtorr (class 3). 
The overall luminescence intensity decreases as the air pres- 
sure in the sample chamber is reduced, and the effect of the 
reduced pressure on the time evolution is shown by Figs 1, 2. At 
the higher pressures, flashes of light are produced. In the case of 
courmarin, for example, these flashes have rise and decay times 
of <30 ps. The observation of simultaneous current pulses in an 
external circuit connecting opposite faces of the crystal suggests 
that dielectric breakdown may be responsible for this lumines- 
‘cence. In the second pressure region, flashes still occur, but these 
flashes are preceded by rapid, less intense pulses. Note that after 
“an intense flash, no light is emitted for sometime, corresponding 
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Fig.1 a, Light intensity from a crystal of coumarin when cooled at 
the rate of 2.7° min`’ starting at 290K in class 1 conditions, the 
pressure of the air surrounding the crystal being ~760 torr. Rapid, 
less intense pulses do not appear even with higher amplifier gain. A 
similar pattern is observed when the crystal is heated. b, Light 
intensity from a crystal of coumarin when cooled at the rate of 
5° min” starting at 270K in class 2 conditions, the pressure of 
the air surrounding the crystal being ~1 mtorr. The more intense 
flashes saturate the amplifier. Similar behaviour is observed when 
the sample is heated. c, Simultaneous measurement of the current 
flow in an external circuit connecting opposite faces of the crystal. 
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Fig.2 a, Light intensity from a crystal of coumarin when cooled at 
the rate of 7° min”! starting at 280K in class 3 conditions. b, Light 
intensity from a crystal of coumarin when heated at the rate of 
2° min” ' starting at 60K in class 3 conditions. In both cases, the 
pressure of the air surrounding the crystal is ~0.05 mtorr. 


to some change in temperature. Presumably during this time an 
electric field is building up to the threshold value needed to 
produce the luminescence. This sequence repeats itself almost 
periodically as the temperature gradually changes at a constant 
rate. In this class too, the luminescence is strongly correlated 
with current flow in the external circuit, but the presence of the 
rapid, less intense pulses indicates some difference in 
mechanism. In the third class the light intensity varies gradually 
with temperature and time, being observed only over a small 
temperature range and peaking at particular temperatures 
characteristic of the sample. It was thought that this behaviour 
might be caused by structural phase transitions, but for the case 
of coumarin, no evidence for a phase transition was found by 
comparing phonon Raman spectra at several temperatures. 

While the dominant characteristics of the pressure depen- 
dence of the luminescence are described above, characteristics 
of one class may be found in the pressure region of another. For 
example, as can be seen in Fig. 1, class 2 luminescence contains 
some light flashes that are not preceded by less intense pulses. 
Also, the pressure limits of the classes should be considered only 
to define broad border regions. 

The fact that only the pyroelectric crystals exhibit lumines- 
cence, in the conditions of the experiment, is evidence that the 
polarization field created by the temperature change is respon- 
sible for the light emission. We therefore use the term pyroelec- 
tric luminescence to describe this phenomenon. Further evi- 
dence that the mechanism responsible is electrical in nature is 
provided for classes 1 and 2 by the light pulses always being 
synchronous with current pulses in an external circuit across the 
sample. Dielectric breakdown of the ambient atmosphere is 
implicated for these classes by the fact that the intense flashes 
decrease in amplitude and frequency with decreasing pressure 
around the sample, although the less intense pulses that precede 
the intense flashes in class 2 may indicate an additional 
mechanism or at least some added complexity. The light emis- 
sion for class 3 appears to be by a fundamentally different 
mechanism, perhaps involving excitation of the molecules 
through charge carrier recombination. Further evidence for the 
mechanisms involved may be obtained by measuring the spec- 
tral distribution of the luminescence. 
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Pyroelectric luminescence is similar to and distinct from other 
luminescent phenomena. Like thermoluminescence‘, light is 
emitted when the crystal is heated, but unlike thermolumines- 
cence, light also is emitted when the crystal is cooled. Like 
electroluminescence’, the light in class 3 conditions may result 
from charge carrier recombination, but unlike electrolumines- 
cence, charge carrier injection by an external circuit is not 
needed. For triboluminescence, the light results from the appli- 
cation of a mechanical stress®’. Although thermal shocks have 
been used to produce triboluminescence, we have tried to avoid 
this possibility. The crystals were mounted freely to allow for 
expansion and contraction, and the temperature was changed 
gradually. The light in triboluminescence has been associated 
with the formation of cracks*”. Although cracks may contribute 
to triboluminescence in pyroelectrics, we see light emission but 
do not see cracks develop in the crystals studied even with 
repeated temperature cycles. Also, the slow variation of the light 
intensity with temperature and time in class 3 conditions, see 
Fig. 2, does not resemble that found for triboluminescence*”. 
Finally, crystals of benzil which are triboluminescent’’, but 
belong to a nonpyroelectric space group’’, did not exhibit 
luminescence when heated or cooled gradually in our experi- 
ments. 

We acknowledge the NSF and donors of the Petroleum 
Research Fund, administered by the American Chemical 
Society, for partial support of this research. D.M.H is the 
1980-81 Synchrotron Ultraviolet Radiation Facility Fellow at 
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Science and Technology, University of Maryland. 
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Theory of the dielectric constant of ice 
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The dipole moment of a water molecule in quid water differs 
from that of the isolated molecule because cach molecule fs 
further polarized by the electric field of the surrounding mole- 
cules. The effective dipole moment has to be known before a 
satisfactory statistical mechanical study of water and aqueous 
solutions ts possible. One approach is to study ice rather than 
water because it has a known, simple structure. However, the 
recent literature on the theory of the dielectric constant of ice is 
confused and contradictory; for example, there are two rival 
theoretical expressions for the dielectric constant in terms of the 
dipole moment. A simple resolution of this ‘internal field’ 
problem is proposed here. It is further shown that the Bernal- 
Fowler—Pasiing ice-rules model of ice behaves like a dielectric 
material, and matching the results of calculations on this model 
to experiment gives a dipole moment of 3.0 D. 

The Bernal—Fowler—Pauling ice rules’? specify that each 
oxygen is bonded to two of the four hydrogens with which it is 
coordinated and that there is one hydrogen between each 
oxygen and its four nearest oxygens. Each hydrogen is bonded to 
one oxygen and ‘hydrogen bonded’ to another. With each 
oxygen fixed at a lattice site there remain, in most forms of ice, 
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many different possible arrangements of the hydrogens, and this 
quantitatively explains?” the observed residual entropy of ice, 
AS =~ R In 3/2, as the contribution of the disorder in the hydro- 
gen positions to the total entropy. If Bernal—Fowler—Pauling ice 
were also a good model for the dielectric properties of real ice, 
then. comparison with experiment would give the effective 
dipole moment of a water molecule within the ice. 

Nagle* has suggested that real ice is very different from 
perfect, ice-rules ice because it contains a very small number of 
infringements to the ice rules, which make a major contribution 
to the dielectric properties and that neither of the rival equations 
for the dielectric constant properly applies in this case. Here, it is 
argued that both rival equations are correct but apply in 
different situations. It is assumed that while real ice does indeed 
contain defects these have little or no bearing on the static 
dielectric properties, though they are essential in the mechanism 
of dielectric relaxation’. That is, the low concentration of defects 
affects only the rate at which ice responds to an applied fleld but 
not the final polarization. 

By considering a spherical volume containing N dipoles 
surrounded by an infinite dielectric continuum of dielectric 
constant ey and applying the laws of electrostatics and statistical 
mechanics’, the general expression 


yer: Ena nde (e= 120! +1) 


u? 3(e +26’) () 


where 
y=Nu7/9ekTV (2) 


may be derived. yu, is dipole moment of molecule 4, £ the 
permittivity of free space, k Boltzmann’s constant, T the 
absolute temperature and V the volume. The simplification has 
been made that the dipoles are rigid and non-polarizable so that 
8% ™ 1, this does not affect the essential physics. The derivation 
assumes that the system of dipoles constitutes an homogeneous 
and isotropic dielectric with dielectric constant s, determined by 
the average response to an arbitrarily small applied electric fleld. 
The equation is independent of the form of the dipole-dipole 
and other interactions within the system. It is assumed that an 
applied fleld alters only the electrostatic interaction between the 
dipoles and the surrounding continuum, and this approximation 
becomes exact in the limit N > œ. 

In the special case that the system is surrounded by a medium 
of the same dielectric constant as itself, s’ = s, then the Kirk- 
wood** equation results. Taking the limit N >œ: 

e —1)(2e +1 
B= ee’ 1 ) (3) 
E 
where the Kirkwood g-factor is 


&x™ lim lim (p 3 m) /u? (4) 
R/ re r acr s 

and R is the radius of the larger sphere of dielectric continuum. 

Another useful equation results by letting e' ->œ in equation (1). 

In the limit N->0o: 


8—1 =3yG (5) 
where 
N 
G= tim (m: Ft) /? (6) 


Equation (5) can also be derived by considering a slab of 
material between the plates of a condenser; it corresponds to the 
‘tin-foil’ case where the system is surrounded by a perfect 


- conductor which cancels all induced surface charges. Thus 


equation (5) applies not only for spherical geometry but in many 
other cases, including ti the periodically repeating cubes used in 
computer simulation”! 

If the system of dipoles obeys classical electrostatics and has a 
meaningful dielectric constant then equation (1) is always cor- 
rect and (u ° E onde must be a function of e' such that e is 
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invariant to e' in the infinite system limit. Either the system does 2. | 


_ not have a dielectric constant or both equations (3) and (5) are 
correct but correspond to physically different situations. These 
are the two ‘rival’ equations for the dielectric constant of ice. 
Nagle“ argues that in most cases, including real ice, one or both 
of equations (3) or (5) do not apply and that G = g,. It has been 
argued! t, especially by Stillinger and Cotter’”, that G > g, for 
the special case of ice-rules ice. Both they and Nagle* argued 
that permitting an arbitrarily small but non-zero concentration 
of defects to the ice rules would reduce G to g, in the infinite 
system limit. However, real ice has long-ranged electrostatic 
interactions between the dipoles of the water molecules and 
these force G > g, such that both equations (3) and (5) hold. The 
theory proposed here is that the correlations found in the perfect 
ice-rules model are to a good approximation the same as those 
that long-range dipole—dipole interactions will produce. 

The Bernal-Fowler—Pauling ice rules specify a potential 
energy which is zero for a permitted configuration and plus 
infinity for one which breaks the ice rules. There are no terms 
corresponding either to the high energy of an isolated system 
with a large net dipole moment or to interactions with a sur- 
rounding medium. The ice rules can, therefore, correspond to 
only one situation: the model is that of a block of perfect ice 
surrounded by a perfect conductor. Thus (mi: E~, m/n’, 
where N is the number of dipoles, is G; and calculations 
claiming '*'® to have calculated g, have in fact calculated G, a 
fact that has been recognized before", 

Rahman and Stillinger'’ estimated g, using a Monte Carlo 
method. They simulated a periodically repeating block of ice 
obeying the ice rules with the additional requirement that 
yy u: =O. They estimated gą by summing over all dipoles 
within a spherical region around each dipole taken in turn. In the 
limit that the sphere radius is infinitely large but infinitely 
smaller than the size of the periodic block this will give the true 
value of g,. For ice F, they used a cube of 4,096 water molecules 
and found a g, of 1.84. A simple correction for the finite size 
produced a final estimate of g,=2.11+0.10. A similar value 
was obtained for ice Jp. 

A simpler and more accurate Monte Carlo calculation’* can 
be made in much the same way as Rahman and Stillinger by 
removing the requirement that $, w; = 0. Then an estimate for 
G can be found from 


N 2 
G=((¥ m) Ne’ 7) 
im 
whether the system of N water molecules has periodic boundary 
conditions or not. New Monte Carlo calculations have been 
made to calculate G in this way for cubic ice, ice J,, and the 
results are given in Table 1. When N is small then not all 
long-range correlations in dipole orientations are included and 





Table 1 Monte Carlo results for G for a series of cubes of ice I, with 
periodic boundary conditions 





N G Error limit No. random loops/10° 
8 2.667 +0.015 2 
64 2.938 +0.02 2 
216 2.980 +0.02 5 
512 2.986 +0.06 5 
1,000 3.005 +0.09 5 
1,728 3.044 +0.12 6.6 
2,744 3.044 +0.07 16.7 
4,096 3.027 +0.26 | 20 





The error limits were given by the maximum difference between 


3(S 21 Hal) AE hyi] *) or M(E i ti)’ and (iat wil”). For N = 
8 it would be feasible to obtain G exactly because the number of possible 
configurations is small but this has not been attempted. In all cases the 
estimated squared mean polarization, ($ ;_, #i)”, which must go to zero 
in an infinitely long calculation, was negligible compared with 
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Fig. 1 @, giir) from ref. 17, in which the cube moment of 
fluctuations were suppressed so that g,(v) goes to zero when taken 
over the entire cube of nearest images. W, gir) from the present 
work, for which at large v g,(v) rises almost monotonically to G 
when taken out to the cube of nearest images. Points are omitted 
where they would overlap with the ref. 17 data points. v is the 
number of the coordination shell. For full details see ref. 17. 


G is underestimated. When N is large then only a small fraction 
of the random loops are ‘open’ to effect a change in ye ui and 
so the statistics are poor, The present result that G = 3.04 is in 
good agreement with previous calculations using other 
methods ''"°!*, 

g, may be decomposed into a function of the number of 
coordination shells contributing to it, so 


Bil) = giy = 1)+ È mic 
| (8) 


g.(0) = 1 


where the sum is over all dipoles in the -th coordination shell. 
The true g, is g,(%©) which is not attainable from computer 
simulation. Figure 1 compares g,{v) from the present work with 
that found by Rahman and Stillinger. Both calculations used 
N = 4,096 and allowing for the size of the systems g, is indeed 
close to 2.0. The ratio G/g, ~ 3/2 is exactly what is required for 
a model of a material with e > 1 and ice-rules ice therefore 
behaves like a dielectric. The model does not exactly obey the 
laws of electrostatics, because the ice rules determine G/ z, to be 
independent of y, whereas electrostatics requires 


G/ gx = 3/2(3yG + 1)/(3yG +3/2) (9) 


which is independent of y only as y > 0. However, if 3yG is 
large, and for ice J, it is of the order of 100, then the model is 
quite satisfactory. 

Thus g, for ices J, and J, is close to 2.0 and the corresponding 
estimate for the effective dipole moment of a water molecule in 
ice is 3.0 D, a large increase on the isolated molecule moment of 
1.85 D (ref. 19). However, the model assumes all possible 
arrangements to be of equal energy, which is only approximately 
true'*'”. In simple polar liquids it is found that the dipole-dipole 
interactions alone are sufficient to raise g, considerably as y is 
increased’’. Such interactions are present in ice also and may 
raise both G and g, by producing weak long-range correlations 
in addition to those imposed by the ice rules. These dipole- 
dipole interactions would also make G/ g, a function of y which 
should then obey equation (9). These correlations should be 
distinguished from ordering in the crystallographic sense, which 
would reduce e. The Bernal—~Fowler—Pauling ice-rules ice gives a 
good approximation to the static dielectric properties of real ice, 
but one which almost certainly underestimates the correlations 
which contribute to the high dielectric constant of real ice. 
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Metamict minerals are a special class of materials which were 
initially crystalline but have become amorphous because of 
accumulated structural damage caused by the radioactive decay 
of their constituent U and Th nuclides’. Damage from a 
particles and recoil nuclei may cause dramatic changes in physi- 
cal, chemical, mechanical and structural properties of materi- 
als**, Thus, metamict minerals provide a natural example of the 
potential long-term effects of radiation damage in proposed 
crystalline radioactive waste forms’, such as the Sandia ceramic 
waste forms”, SYNROC™-™, super-calcine™ or the tailored 
ceramics’. The determination of the microstructures of 
metamict materials, therefore, may help to predict long-term 
radiation effects in crystalline waste forms. This report presents 
the results of an examination by transmission electron micro- 
scopy (TEM) of a wide range of metamict silicate and complex 
Nb-Ta-Ti oxide minerals. 

Most previous studies of metamict minerals have been 
restricted to detailed X-ray diffraction analyses or measure- 
ments of changes in physical and optical properties with 
increasing a dose“, None of these techniques allows the 
structure of the metamict state to be interpreted at the near- 
atomic level. Until recently there have been only cursory studies 
utilizing the TEM. Christ et al.’ report sharp electron- 
diffraction patterns of metamict samarskite, polyclase and 
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Fig.1 Selected area diffraction pattern of metamict: 1, allanite; 2, 

gadolinite; 3, yttrialite; 4, thorite; R1, aeschynite; R11, priorite; 

R13, blomstrandine; R18, euxenite; R24, blomstrandine; R25, 
euxenite 


zircon. Bursill and McLaren’ report sharp electron diffraction 
patterns for metamict zircon (amorphous based on X-ray 
diffraction, with an a dose >10'° mg‘) which they inter- 
preted as resulting from slightly misoriented zircon crystallites 
~100A in size. Sommerauer” reports both crystalline and 
amorphous areas in metamict zircons. We have used TEM to 
study crystalline, partially metamict, and fully metamict 
zircons’'. The fully metamict zircon possessed two distinct 
structures, one interpreted as amorphous and the other as bein 
composed of slightly misoriented microcrystallites of 50-100 K 
size with tilts of up to 10°. The microerystallites were interpreted 
as later alteration and recrystallization features, unrelated to the 
process of metamictization. Yada er al.” have applied high 
resolution electron microscopy in a study of the metamictization 
process in zircon and confirmed that the metamict state in that 
material is completely amorphous. 

In the present study, a wide range of metamict minerals, 
including silicates and oxides, was examined by TEM to 
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Table 1 Metamict minerals examined in this study 
Sample no. Museum no, Mineral Ideal formulae” Locality Ref, 
Silicates: 
l — Allanite (Ce,Ca, Y)3(Al,Fe);(SiO,),(0H) Rode Ranch, Texas, USA 247 
2 — Gadolinite Be-Fe Y-Si20;0 Rode Ranch, Texas, USA 24, 25 
3 — Yttrialite (Y,Th)2Si,O, Rode Ranch, Texas, USA 26 
4 — Thorite ThSiO, Cardiff, Ontario, Canada 
Nb-Ta-Ti oxides 
R1 Stanford University 473 Aeschynite (Ce,Ca,Fe,Th)(Ti,Nb)2(O,OH), Hitterö, Norway 6, 16, 27, 29 
R11 C. O. Hutton collection Priorite (Y,Ca,Fe,Th)(Ti,Nb).(O,OH), Ahi-Trombe, Madagascar 27 
R13 Harvard 84647 Blomstrandine (Y,Ca,Fe,Th)(Ti,Nb) (O,OH), | Morefjaer, Norway 16, 27 
R18 Harvard 89653 Euxenite (Y,Ca,Ce,U,Th)(Nb,Ta,Ti)20, Betsiboka Valley, 
Madagascar 6, 27 
R24 Mineralogisk-Geologisk Blomstrandine (Y,Ca,Fe,Th)(Ti,Nb) (O,OH), Kåbuland, Iveland, 16, 27, 28 
Museum (Oslo) Norway 
R25 Mineralogisk-Geologisk Euxenite (Y,.Ca,Ce,U,Th)(Nb,Ta,Ti)Os Eitland, Farsund, 16, 27, 28 
Museum (Oslo) Norway 
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* For complete chemical analyses see the cited refs. 
tA. J. Ehlmann, personal communication. 
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determine whether the metamict state is truly amorphous or 
consists of microcrystalline domains. The 10 samples used were 
carefully selected so that altered areas could be minimized. The 
mineralogical descriptions of the selected samples (see Table 1) 
including complete chemical analyses, X-ray diffraction 
analyses, annealing studies, differential thermal analyses and 
determinations of physical properties are given elsewhere. 

Specimens for electron microscopy were prepared by grinding 
under a drop of butanol in an agate mortar and pestle and 
collecting the thin flakes on holey carbon substrates. Regions 
overlapping holes in the substrate were suitable for high resolu- 
tion microscopy. The specimens were examined at 200 kV in a 
JEM-200CX electron microscope equipped with a high resolu- 
tion (1.4 A line, 3.5 A point-to-point) objective lens pole piece. 
Electron diffraction, high resolution dark field imaging, and 
interference image microscopy were used to characterize the 
metamict structure (see ref. 23). 

A minor amount (~10% maximum) of clearly crystalline 
material was observed in all 10 samples. Such regions were 
interpreted as later altered material, similar to altered crystal- 
line regions observed in metamict zircon*’, and are not con- 
sidered further here. Electron diffraction patterns from the 
remaining material in all samples contained one or two broad 
haloes characteristic of ‘amorphous’ materials. Figure 1 shows 
the striking similarity between the patterns of the 10 samples. 
High resolution dark field imaging was used to investigate 
whether such patterns could be produced by diffraction from 
very small, randomly-oriented microcrystallites instead of 
amorphous structures. The images, obtained with the objective 
aperture positioned on an arc of the first broad diffraction ring, 
contained bright coherently scattering spots ~6—8 A in size, see 
Fig. 2. This observation eliminates the possibility that the 
metamict structures consist of microcrystallites of 50-100 Asize 
because such crystallites would have been readily resolved as 
bright spots of that size. The interpretation of bright spots in the 
<10A size range is not straightforward, however, and their 
occurrence has been used as evidence for both microcrystalline 
and random network models of the amorphous state (see ref. 
23). Interference (lattice) image microscopy in both the tilted 
and defocused axial illumination modes was then used to 
examine for small regions of fringes indicative of micro- 
crystallites. Fringe-like contrast was not observed in either 
mode, apart from occasional random alignment, so this tech- 
nique did not provide further evidence for the presence of 
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Fig. 2 Dark field image from a thin edge of Rode Ranch gadol- 
inite (no. 2) with part of the first broad diffraction ring included 
within the aperture. Bright spots are ~6-8 A in diameter. 
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Fig. 3 Spherical microvoids in a thin chip of metamict euxenite 
(R25), 


microcrystalline domains. Note that microcrystallites in the 
50-A size range would have produced similar-sized regions of 
fringes readily detected by the interference imaging technique. 
We concluded that the metamict state in these samples is 
amorphous in the sense that, if microcrystallites were 
present in these structures, they must be <~10 A in size. 

One important feature, common to the microstructure of all 
the complex Nb-Ta-Ti oxides, was the widespread occurrence 
of spherical microvoids (Fig. 3). We propose that those voids are 
generated by helium buildup from the internal æ particle decay. 
Microvoids were not found in any of the silicates suggesting 
either that helium diffuses relatively rapidly through the silicate 
structures, or that helium is somehow accommodated in the 
structure. 

This study shows that the metamict state in a wide variety of 
silicates and complex Nb-Ta-Ti oxides is amorphous to within 
the resolution capabilities of current electron microscope tech- 
niques (~10 A). Void formation accompanies metamictization 
in the complex Nb-Ta-Ti oxides, but this does not occur in the 
silicates. 

The work was supported by the US Department of Energy 
(DOE) under contract DE-AC-04-76-DP00789. The Sandia 
National Laboratories is a US DOE facility. 
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In 1979, the Institute of Geological Sciences commissioned two 
lines of seismic reflection profile, a technique which has proved 
successful’ for studying crystalline basement. The survey was 
sited to cross the concealed Variscan Front in southern England, 
with recording time extended to 12s two-way time (TWT). 
Similar profiles in adjacent parts of Europe have suggested that 
the Variscan Front is characterized by major thrust zones 
extending to considerable depths”. Our profiles, reported here, 
show good primary reflections to 6 s TWT and give new detail on 
the nature of Variscan deformation in southern England. Zones 
of differing reflection character are evident; a northern zone of 
low northerly apparent dips, a central zone of poor reflector 
quality, and a southern zone of steeper dips to the SSE. The 
southern zone is presumed to represent deformed Variscan 
basement, including several minor thrust planes and a proposed 
major thrust zone, analogous to similar structures in Europe. 
Impersistent reflections between 9 and 10 s TWT could possibly 
relate to the Moho. 

Two reflection profiles were recorded, totalling some 49 km 
(Fig. 1), Line 79-01 extending 30 km N from Devizes and line 
79-02 extending 19 km E from its intersection with 79-01. The 
N-S profile was shot predominantly over Jurassic clays, while 
the E-W profile extended on to the Cretaceous outcrop. The 
seismic data were recorded using routine oil industry 
parameters: 4.5 kg explosive charges at 18 m depth in clay, 9 kg 
charges at 25m depth in chalk, with shotpoints at 100-m 





Table 1 Seismic data 





P-wave seismic 


Density velocity 
Unit Seismic interval (g cm~?) (km s~!) 
1 Surface to R3 2.35 2.6 
2 R3-R4 2.40 3.2 
3 R4-R12 2.50 4.0 (S) 
3.9 (N) 
4 R12-R17 2.65 5.5 
5 Below R11 and R17 2.78 6.5 


intervals, recorded by a 48-channel splitspread array, at a 50-m 
Station interval. This configuration resulted in 12-fold of 
subsurface cover. A conventional processing sequence, at 4 ms 
sampling rate, which included automatic residual statics cor- 
rection, was then applied to produce the final sections (Fig. 2). 

Velocity analyses used in the stacking process show interval 
velocities rising sharply around 2.3 s TWT, to unrealistically high 
values. At depth, such high velocities do not affect the record 
quality, but depth conversion based on these data would be 
implausible. The velocity profile for the section, therefore, is 
based on a combination of borehole data, section interval 
velocities, and, below 2 s TWT, on values which were limited to a 
more reasonable maximum of 6.5 km s`" (see Table 1). 
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Geological Survey maps show several ENE-trending faults in 
the area, displacing Jurassic strata. Towards Frome, south-west 
of Devizes, these faults parallel the Mendip Variscan structures. 
Further geological control is available from the Devizes No. 1 
Borehole*, which penetrated Jurassic, Triassic and Lower 
Carboniferous strata, and terminated in Devonian rocks; the 
total depth reached was 1,014 m, equivalent to ~0.7 s TWT. The 
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Fig. 2 Seismic profiles. a, Line 79-01. b, Line 79-02. 
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Fig. 3 Migrated depth sections. a, Line 79-01. b, Line 79-02. 


northern end of the line can reasonably be extrapolated 7 km 
NE, and correlated with the Cooles Farm Borehole’. 

Using both unmigrated and migrated data, the most 
significant primary events which we recognize are identified in 
Figs 2 and 3. Reflectors R2 to R4 are related to the Jurassic and 
Permo-Triassic succession, and are seen to be affected by minor 
faulting which can be correlated with surface geology. The 
northern half of line 79-01 is characterized by a strong reflector 
R12, with a significant rise in interval velocity across the inter- 
face. This is attributed to a distinct lithological boundary, and 
correlated with the top of the Cambrian quartzite proved in the 
Cooles Farm Borehole. Beneath R12 and R13, a complex series 
of reflectors occurs, the base of this unit being recognized as 
R17. This suite of reflectors exhibits an apparent dip of up to 20° 
to the north, with several significant faults, showing a calculated 
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Fig. 4 Structure on proposed thrust plane. 


dip-slip component of movement of up to 500 m. Although no 
positive geological identification can be established, the interval 
R1i2-R17 has a reflection style interpreted as being charac- 
teristic of a succession of sedimentary or volcanic rocks of 
possible Longmyndian and/or Uriconian affinity. This, 
combined with their depth relative to the Cooles Farm Bore- 
hole, suggests a Lower Cambrian to Proterozoic age for this 
seismic interval. This succession overlies, with angular dis- 
cordance, a series of reflectors, which are presumed to derive 
from impedance contrasts within more highly metamorphosed 
Precambrian rocks. 

A zone of very poor reflection quality separates the above 
northerly part of the section from that south of the intersection 
with line 79-02. Here, prominent reflectors have southerly 
apparent dip, and in the case of R9 and R10 the dips are 
significantly steeper than those to the north. Between 9 and 10s 
TWT, several sub-horizontal events have been tentatively 
identified. These may relate to the Moho at around 30 km depth. 
On line 79-02 few coherent deep reflectors are identifiable 
below the sequence R2—R4, except in the east half of the line, 
where reflectors R5-R7 have been picked, R5 and R7 showing 
apparent dips to the east. Beneath R4 there seems to be, 
therefore, a lateral change in record character near the inter- 
section of the two lines, indicated by a zone of poor reflection 
quality and discontinuous reflector segments. 

Following migration and depth conversion, true scale depth 
sections were constructed (Fig. 3). The southern zone of line 
79-01 contains reflectors R9 and R10 which are the most steeply 
dipping observed in the area. The nature of R9 is uncertain; a 
correlation with R12 is possible, but unlikely for two reasons. 
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Fig. 5 Gravity profile including line of section. 

First, the reflector sequence below R12 is quite unlike that 
below R9, and second, if the density contrast known to exist 
across R12 were to be present across R9, a negative gravity 
anomaly of at least 10 MGal would be expected, and this is not 
observed. It is possible that R9 represents a thin stratigraphical 
unit with no associated density increase, but its linearity and 
lateral persistence lead us to conclude that R9 represents a 
major structural interface. Some 25 km to the west, in the 
Mendip Hills, Variscan basement comes to outcrop. The struc- 
ture is complex with folds and associated thrusts mapped at the 
surface®. One major thrust belt, the Southern Overthrust, lies 
~8 km to the north of a folded inlier of Silurian volcanic rocks. 
These give rise to a prominent aeromagnetic anomaly, which 
continues ENE to intersect line 79-01 some 6kmS of the 
reflector R10, and probably defines the Variscan structural 
trend in the area’. The apparent dips of R10 are not dissimilar to 
that of the Southern Overthrust, which has a true dip of 21° to 
the SSE. It is reasonable to conclude therefore, that the 
reflectors R10 represent thrust planes of similar geometry to 
those observed in the Mendips. R9 has a similar aspect to R10, 
and is interpreted as a major thrust within the same tectonic 
regime. When correlated with the dipping event R5 on line 
79-02, the resulting surface (Fig. 4) has a strike parallel to the 
probable local Variscan structural trend and a dip similar to the 
thrusts described above. The presence of a major thrust plane in 





Nature Vol. 293 8 October 1981 $ 


the area is consistent with the observed Bouguer gravity feld”. 
Figure 5 shows a N-S two-dimensional model based on this 
„interpretation. 

The survey allows the first observation of the deeply buried 
British Variscides, and provides a geometric model of structure 
to a depth of at least 10 km. The proposed major thrust plane 
may be tectonically analogous to structures delineated by similar 
methods over the Variscan Front in Europe. The survey 
demonstrates that standard oil company acquisition techniques, 
using an explosive energy source, with extended recording time, 
can provide deep reflection data of high quality. With industry 
cooperation, an inexpensive method of acquiring potentially 
useful deep seismic reflection data has now been demonstrated. 

This work was undertaken as part of the NERC Deep 
Geology Programme and is published with the approval of the 
Director, Institute of Geological Sciences. 
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Reef corals, both fossil and recent, are potentially wseful moni- 
tors of the surface ocean ‘climate’. Because coral reefs flourish 
only in relatively warm water™’, the very presence of reef corals 
comstraine the estimation of local temperature ranges. Studies of 
hermatypic corals have shown that coral growth rate’*, density 
band formation (in some spectes)”", and stable isotopic 
compodtion’*, all respond to variations in water temperature 
and light intensity. We have measured the stable isotopic 
composition of specimens of the branching reef coral Pocil- 
lopora damicornis which have grown in the field while seawater 
temperatures were continuously recorded. Detailed oxygen 
isotope profiles of branches of this species indicate that seasonal 
changes in temperature and seawater isotopic composition are 
precisely recorded. Isotopic profiles may be used to estimate 
growth rates of branching corals, which lack annual density 
banding. The method provides a technique for high resolution 
palaeoctimatic reconstruction of seasonal temperature ranges 
and accurate estimation of rates of reef carbonate production. 

Thus far, most studies of isotopic and chemical variation in 
hermatypic corals, and all studies of seasonal isotopic variation, 
have involved species with massive growth habits, partly 
because such corals often produce annual™ dense bands which 
can be used as time markers. For examination of perturbations 
in climate and ecology of the order of years and decades, large 
specimens of massive corals which have been growing continu- 
ously for as many as 400 yr are available. For high resolution 
studies on a seasonal scale, however, corals with a branching 
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growth habit are preferable to massive varieties. Linear growth 
rates of branching corals are 2-10 times higher than of corals 
with massive growth habits. We have examined the isotopic 
response to seasonal changes in temperature, salinity and 
growth rate of the rapidly growing branching coral, Pocillopora 
damicornis. The advantage of rapid growth is that it permits 
sampling of many (> 20) separate intervals from each year of 
coral growth, so that short-term temperature changes can be 
detected. 

Our study area was on the south-west side of Contadora 
Island in the Gulf of Panama. The Gulf of Panama is subject to 
strong upwelling during the dry season (January to April) when 
the north-east trade winds shift southward and blow steadily 








*°10 20° 3 40 50 60 
Distance from base of branch (mm) 


Fig. 1 a, Mean salinity variation from fixed station in the Gulf of 
Panama near Contadora”” and derived 6 180 (%) of seawater based 
on salinity and 8'"O measurements of five water samples collected 
from Naos Island between February and August 1980 For brief 
periods of time during the rainy season, surface salinity on the reef 
dropped to as low as 23%. b, Weekly average temperature recor- 
ded on Contadora study reef. We have no temperature record from 
19 February to 16 March 1979 due to feilure of the thermographs. 
From 16 March to 6 June and 3 September to 24 November 1979, 
daily min/max thermometer data are used Note the positive 
correlation between low temperature and high 8'*O of seawater. c, 
d, 8**O(%) profiles along branches af Pocillopora damicornis. 
Results are relative to the Chicago PDB standard calculated by the 
usual procedure”? Dates indicate time of staining with dye or 
harvest. 
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across the central Panama isthmus’”*. During upwelling, water 
temperatures drop to 21-22 °C whereas wet season (May to 
December) highs reach 28-29 °C. Temperatures in the range 
18-20 °C may occur during brief periods when upwelling is very 
pronounced. Seasonal rainfall begins when upwelling ceases. As 
a result, salinities average ~27% during November and ~34.5%4 
during February. Monthly cloud cover ranges from <10% 
during the upwelling season to >40% at the end of the rainy 
season’, 

Branching corals of genus Pocillopora are the dominant reef- 
builders in the Gulf of Panama. Development of the reef 
framework is generally restricted to the waterdepths <10 m. 
Several colonies of Pocillopora damicornis on the study reef 
were protected from cropping by corallivores by completely 
surrounding them with a wire mesh. The mesh openings were 
50 mm, large enough to allow the passage of zooplankton, a 
potential source of food for the coral polyp (G.M.W. in pre- 
paration). These colonies were stained with alizarin-red dye”® 
on 28 November 1978, and 7 April 1979, to provide time 
markers for the isotopic profiles and to measure growth rate. 
Thermographs placed at 3 and 10m depth on the reef were 
operated from October 1978 to November 1979, to provide a 
continuous record of temperature (Fig. 15). Salinity was 
periodically measured on the Contadora reef and water samples 
from Naos Island, Gulf of Panama, were collected to determine 
the variation in salinity and oxygen isotopic composition of 
seawater. The stained corals and an additional set of unmoni- 
tored corals were harvested from depths ranging from 1 to4m 
on the 1 and 19 November 1979, respectively. 

After collection, specimens of P. damicornis were soaked in a 
weak (0.2% ) sodium hypochlorite solution and various branches 
selected for isotopic analysis. The branches were cut in half 
along their axes of growth. The interiors of the branches were 
sampled with a dental drill (0.5 mm diameter) every 2-3 mm 
along recognizable trends of polyp development. Due to the 
small size of the polyp cavities in these specimens of P. dami- 
cornis, each sample was comprised of the skeletal elements of 
several old corallites. Such homogenization of several old coral- 
lites reduces the isotopic variability that may result from the 
inclusion of different skeletal elements (which have different 
*89/'°O ratios’’) in different proportions. About 2 mg of 
powder resulting from the drilling of each hole was collected and 
roasted in a vacuum at 250°C to remove volatile organic 
compounds before isotopic analysis. The effects of drilling and 
heat treatment on the mineralogy of the samples were deter- 
mined by standard X-ray diffraction analysis. Although roasting 
caused a reproducible (both from branch to branch and in 
adjacent samples from along an individual branch) conversion of 
~ 10% of the aragonite to calcite, drilling produced no change in 
mineralogy. Carbonates and seawater „were isotopically 
analysed by standard analytical procedures”? 8 with a precision 
of 0.07% and 0.05%, respectively for 6'°O. 

The &'*O results from two different coral branches grown 
within the same mesh enclosure are presented in Fig. 1c, d. Both 
branches show the same seasonal trends, becoming enriched in 
18O during the upwelling season and depleted in '°O during the 
wet season. During the height of upwelling, coral growth slows. 
Previous studies in the Gulf of Panama’® and Hawaii’ have 
shown that the growth rate of P. damicornis decreases very 
rapidly between 23 and 21°C, and is <0.5 mm per month at 
temperature below 21 °C. Coral growth effectively ceases below 
20°C and ‘cold death’ will occur if temperatures <18°C are 
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Fig. 2 a, 5'O(%) and b, 6'°C(%) profiles in three specimens 
collected on 19 November 1979 (P2, P6, P10) and branches PSOA 
and PSOB collected on 1 November 1979. The start and end of a 
year of coral growth is arbitrarily set at the levels in branches P6, 
P10, PSOA and PSOB, which correspond to coral growth during 
May (Fig. 1). An anual growth rate for specimen P2 is estimated by 
correcting the 8-month linear growth rate (based on comparison 
with the temperature) for seasonal growth rate changes observed in 
the other specimens. Average growth rates estimated from the 
j *O profiles are: P2,29 mm yr (2.4mm 1 per month); P6, 40 mm 
* (3.3 mm per month); P10, 33 mmyr {2.7 mm per month); 
PSOA, 41mmyr (3.4 per month); and P50B, 39 mm yr 
(3.3 mm per month). 


maintained for more than a few days. As a result, the corals 
retain no isotcpic record of periods of intense upwelling. We 
believe that the isotopically enriched region of these branches 
represents accretion of skeletal material at 21~22°C, the 
average temperature range on the reef between discrete 
upwelling events during the winter. The maximum linear growth 
rate, up to 6.5mm per month (refs 7,8), occurs immediately 
after the upwelling season, when water temperature rises and 
near surface productivity is high. Seasonal changes in coral 
growth rate are illustrated by the compression during February- 
March and extension during April-May of the isotopic profile 
relative to the temperature record. 

Seasonal rainfall affects the isotopic composition of the coral 
by changing the isotopic composition of the seawater in which it 
grows (Fig. 1a). Based on salinity and 5'*O,,,, measurements of 
five water samples taken between February and August at Naos 
Island this effect, expressed as a function of salinity, is: 


d6/dS (40) = 0.12 (1) 


Although Naos Island is located ~100km north-west of 
Contadora, the seasonal pattern of upwelling and rainfall in the 
two areas is similar. The reservoirs of ‘“O in upwelling shelf 
water and equatorial rainfall are large and should be well-mixed 
over the short distances between island groups in the Gulf of 





Table 1 5'°O composition on P. damicornis, temperature, salinity and 6 18O of seawater used to formulate equation (2) 





Temperature 
Sample CC) 
28 November 1978 stain horizon PSOQA, P50B 28.8 
7 April 1979 stain horizon P50A, P50B 24.0 
1 November 1979 harvest PSOA, PSOB 28.2 
Dry season maxima, P2, 6, 10, 50A, 50B 215 


19 November 1979 harvest P2, 6, 10 28.0 


Salinity Seawater Mean 
(4o) 8 Orinoca, sMow) 8 O coral Gh. PDB) 
28.6 — 0.7 —H.6R 
34.5 — 0.2 — 5,00 
27.8 ~0.8 ~ 6.67 
33.5 -0,3 — 4,40 
28.0 — 0.8 ~~ 6.94 
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Panama. Because of this, the d8/dS relationship from Naos has 
been used to estimate average changes in seawater isotopic 
composition at Contadora. 

About 30% (0.7%) of the seasonal 8'*O variation in the 
corals is caused by changing salinity; the remainder is due to a 
change in seawater temperature of ~7 °C. Isotopic results on 
three additional corals (P2, P6, P10) from different areas on the 
study reef are included in Fig. 2. These specimens were not 
stained or protected from cropping and were harvested 3 weeks 
later than branches P50A and P50B. The depletion in **O near 
the branch tips of P2, P6, and P10 relative to corals PSOA and 
P50B probably represents a decrease in the “*O of seawater due 
to increased rainfall during November. Consistent seasonal 
isotopic variation is present in all five coral branches. The 
longest record is 22 months (P6). About 21 samples were 
analysed from each year of coral growth. Using the stain 
markers and associated 6'*O values from P50A and B, winter 
&'*O maxima and summer $"*O minima from P2, P6 and P10 
(Table 1), we calculate an empirical relation of: 


T CC) = 7.0 -3.6[8 "0 serscorae — 8 Omo (%)] (2) 


Equation (2) fits all data to within 0.5°C. These corals are 
depleted in O by ~3% relative to equilibrium calcite” 
(aragonite equilibrium is difficult to determine at low tempera- 
tures) and by ~1% relative to results for mixed Pocillopora 
species’®. 

Seasonal isotopic variation permits the estimation of net 
growth rate from 8*°O profiles (Fig. 2). Although cropping of 
the unprotected colonies may have occurred, the absence of any 
marked discontinuities in the isotropic profiles suggests that 
predation was minimal. While growth rates range from 29 to 
41 mm yr™* (2.4 to 3.4 mm per month), the upwelling isotopic 
maxima and total seasonal range in 8°°O are equivalent in all 
five branches depending on the date of harvest. Although these 
corals are apparently depleted in “*O relative to equilibrium 
with seawater, we conclude that physiological effects associated 
with growth rate changes have little effect on the oxygen isotopic 
response to temperature of this species. 

8*°C ranges from —3.5 to —5.0% in P2, P6, P50A and’P50B 
and from —2.0 to ~3.5% in P10 (Fig. 26). In general, the corals 
are depleted in °C during both the upwelling season and at the 
end of the rainy season. These are periods of low growth, due to 
the effects of cold water during upwelling and extensive cloud 
cover at the end of the rainy season. If the °C depletion reflects 
seasonal changes in growth rate, our results are consistent with 
Goreau’s’’ suggestion that rapid growth produces an enrich- 
ment of **C in skeletal aragonite due to preferential removal of 
HC by the zooxanthellae. The “C variations in P. damicornis 
may also be related to a seasonal changes in the °C of seawa 
bicarbonate caused by upwelling” and rainfall. 

Fairbanks and Dodge’* have observed both positive and 
inverse correlation of °C and 12O in some Atlantic and Carib- 
bean massive corals. Land et al." have observed that rapidly 
extending of individual coral colonies are depleted in both 
1O and “C. 8°C and 81O are poorly correlated in our 
specimens. In part this may reflect the occurrence of growth rate 
minima at times of both cool and warm water. Three branch tips, 
P2, P6 and P10, are depleted in ‘*O, probably due to a depletion 
in the 85O of seawater. No tip is markedly depleted in “C 
relative to the rest of the branch. We have no explanation for the 
enrichment of ‘°C in specimen P10 although there is no cor- 
responding enrichment in '*0. 

We conclude that seasonal temperature changes are 
accurately recorded by oxygen isotopic variations in branches of 
the reef coral Pocillopora damicornis. Physiological differences 
between branches apparently have a negligible effect on 3'*O 
values, rendering this species useful for the study of modern and 
ancient seasonal temperature regimes*’. 

Seasonal changes in coral growth rate associated with water 
temperature and light intensity occur on many reefs. We suggest 
that such variation must be fully understood before a proper 
sampling strategy can be formulated for investigations of 
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seasonal isotopic changes. Branching corals are especially suited 
to seasonal studies because of their high growth rates which 
permit sampling of many discrete intervals per year of coral 
growth. They are important reef builders, especially in thermally 
marginal regions characterized by seasonal intrusion of cold 
scawater. In some cases, carbonate production due primarily to 
branching coral growth exceeds 5 x 10° g CaCO; m™* yr™ (ref. 
7). Where seasonal temperature variation produces changes in 
coral isotopic composition which are large compared with 
salinity effects, 5'*O profiles may be used to establish time scales 
in many branching corals, which typically lack annual density 
banding. Thus the isotopic technique can be used to estimate 
growth rate and net carbonate production on many modern and 
fossil coral reefs. 

We thank R. Highsmith and M. Hagedorn for collecting water 
samples. We also thank J. Killingley, P. Baker, W. Berger and P. 
Glyn for reviewing the manuscript. This work was su by 
the NSF (Oceanographic Section: grant no. OCE78—25587) and 
by grants to G.M.W. from the Smithson Tropical Research 
Institute and the Marine Science Institute, Santa Barbara. 
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The core recovered during a drilling programme in the Ballan- 
trae ophiolite complex, south-west Scotland’? inctudes a 16-m 
section through highly fossiliferous strata. The borehole 
containing this section was sunk at North Ballaird (Fig. 1) 100-m 
west of the abandoned farm buildings [NGR: NX 1210 8777] 
with an azimuth of 150° and an inclination of 50°. The fossili- 
ferous sequence lies between 24 and 40m from the surface 
(125 m above OD) and contains a rich assemblage of Middle 
Arenig (~475-480 Myr) graptolites accompanied by inarti- 
culate brachiopods and rare conodonts. Of particular 
importance ts the presence of Prendisograptas dumosus (Har- 
ris), an Australasian species not previously recorded from 
Europe. 
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m been extensively silicified and carbonatized, the alteration in 
places masking the clastic nature of the deposit, but the sedi- 
mentary Origin of the sequence is emphasized by two thin 
greywacke horizons (B in Fig. 1). Below ~145m the core 
consists of unbrecciated but still highly silicified and carbo- 
natized serpentinite. 





20 The graptolite fauna (Fig. 2) is uniformly spread throughout 
the fossiliferous section of the core and consists largely of 
isograptids with subordinate didymograptids and other dicho- 
graptids. The species include: Didymograptus cf. deflexus Elles 
and Wood, D. cf. extensus (J. Hall), D. cf. protobifidus Elles, 

0 Isograptus caduceus australis Cooper, I.c. imitatus Harris, I. 
victoriae lunatus Harris, Pseudisograptus dumosus (Harris), 
Tetragraptus pseudobigsbyi Skevington, T. amii Elles and 
Wood, T. cf. reclinatus Elles and Wood, T. aff. serra (Brong- 
niart), Phyllograptus angustifolius J. Hall. There are no diplo- 

m graptids present. The upper part of the core is richer in species 
than the lower part and it is possible that more than one zone is 
represented. It is, however, very difficult to decide what horizon 
is indicated as the abundance of isograptids and their general 
Australasian affinities, together with the absence of many criti- 
cal Australasian forms, makes it impossible to match the asso- 

ed ciations with published lists. An approximate equivalence with 
the Middle Arenig zones of Didymograptus nitidus and Iso- 
graptus gibberulus seems to be indicated. The brachiopods are 
uniformly spread through the fossiliferous section but they are 
all inarticulate forms and at present are unlikely to be of 

100 stratigraphic value. The few conodonts occur above the main 
graptolitic section. They seem to be fragmentary and even 
generic identifications are difficult (S. M. Bergstrom, personal 
communication). The Middle Arenig age, and the Pacific pro- 
vincial affinities of the graptolites, confirm the conclusions 

120 drawn from the sparse fauna previously recorded from the 
Ballantrae complex’? 

| vy | 
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‘ N poe tii 
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Fig. 1 A summarized graphic borehole log with (inset) a sketch 
map of the Girvan-Ballantrae area showing the borehole site in 
relation to the serpentinite belts of the ophiolite complex. | [> 
) |2 

A summarized graphic log of the borehole is shown in Fig. 1. À É: 

The fossiliferous sediments lie beneath a faulted contact with A | Ee SS 
sheared and carbonate-veined serpentinite. Bedding attitude is FY 4 Z F 
approximately normal to the borehole from which a dip of ~40° (a -S 
to the north-west can be deduced. The sedimentary sequence e E 
consists of a finely laminated succession of chert, shaley chert, 

siltstone and fine-grained, tuffaceous sandstone. A thin 

conglomeratic horizon (A on Fig. 1) contains pebbles of a variety F 

of rock fragments, the largest of which are algal-encrusted ‘i yk 
serpentinite. The bedding in the lowest metre of fine-grained me NAS 

sediments has been disturbed by slumping above a conformable aie a 


contact with a thick sequence of coarse breccias. In the upper 
part the breccia unit consists of angular fragments of albitized 
basalt, dolerite and gabbro ranging up to 8cm in diameter. 
These clasts are matrix supported in a fine mudstone. The 0 mm 
proportion of matrix decreases downwards and the average size 


. . * . i i é , P. id 
of the angular clasts increases with gabbro becoming the Fig.2 Graptolite specimens recovered from the core: a-c, Pseu 


disograptus dumosus (Harris). GSE 13724, 13725a, b. d, Didy- 


dominant component. At 82.5 m below surface the char acter of mograptus cf. extensus (Hall). GSE 13726. e, Isograptus caduceus 
the breccia changes significantly with an abrupt reduction in (Salter) s.l. GSE 13727. f, Tetragraptus cf. reclinatus Elles and 
clast size and angularity and the appearance of serpentinite Wood. GSE 13728. Numbers refer to specimens housed in the 
clasts. The proportion of these increases downwards and below Palaeontology Department, Institute of Geological Sciences, 
85.5 m the breccia contains only serpentinite clasts. These have Edinburgh. 
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The Middle Arenig fossiliferous sequence is clearly of rela- 
tively deep-water origin but the interbedded conglomerate 
, contains algal-encrusted serpentinite pebbles which must have 
been washed in from a shallow water environment. This may 
have been an oceanic island, a continental margin or a horst 
within a block-faulted marginal basin from which exposed 
serpentinite was being actively eroded during the Middle 
Arenig. The highly angular clasts in the breccias beneath the 
fossiliferous sequence suggest that basalt, gabbro and serpen- 
tinite were exposed on the Middle Arenig sea floor. The upper 
part of the breccia sequence, in which the clasts are matrix- 
supported, may well have originated as a debris flow but the 
lower part of the sequence, where close-packed, large ahgular 
clasts of gabbro predominate, is probably a scarp-foot talus 
accumulation. This would suggest submarine faulting on a fairly 
large scale which may have developed in association with either 
a rifted oceanic ridge with a slow spreading rate? or block 
faulting associated with the development of a marginal basin. 
Hither situation would be compatible with the deduction of 
Bluck’ that the Ballantrae ophiolite may be compound and was 
probably structurally complex at the time of its obduction. 

The borehold core was made available by Selection Trust 
Exploration Ltd. The paper appears by permission of the 
Director, Institute of Geological Sciences (NERC). 
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There kave been many hypotheses for the global mass extinc- 
tions that occurred during the Phanerozoic history of the Earth, 
and although we cannot study the course of such a mass extinc- 
tion in progress, it ts possible to evaluate major pulses of 
extinction that have taken place recently in geological time. 
Explanations of the unzsually high rates of extinction within late 
Cenozoic marine faunas of the tropical Western Atlantic have 
focused on possible blocking of nutrient-laden waters by the 
origin of the Isthmus of Panama’? amd on Pieistocene 
cooling**** or regreesion™** of seas. Here we report that major 
episodes of molluscan extinction occurred at least as far north as 
Virginia, and we conctude that these episodes were caused 
primarily by refrigeration associated with the late PHocene and 
Pleistocene growth of contineatal glaciers. 

The severity of late Cenozic extinction in the tropical Western 
Atlantic has often been underestimated because several young 
fossil faunas have been judged to be old simply because they 
include few living species’*. For example, the enormous 
molluscan fauna (590 species) of the Bowden Formation of 
Jamaica was previously considered to be of Oligocene? or 
Middle Miocene’? age because ~90% of its species were 
considered to be extinct. The Bowden’s planktonic foramin- 
ifera'’’?, however, now show it to be no older than zone N19 
(early Pliocene), indicating faunal decimation in later Pliocene 
or Pleistocene time. The incidence of extinction may have been 
overestimated here because of taxonomic oversplitting, but is 
certainly high. 
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The impact of catastrophic extinction on an accurately dated 
Neogene fauna can be assessed by means of a lyellian percen- 
tage: the percentage of the fauna’s species that survive to the 
present day. Lyellian percentages for molluscan faunas of 
California and Japan form smooth curves (Fig. 1). Because the 
plots are congruent for the two regions, they appear to represent 
normal rates of extinction for the two molluscan classes*. The 
composite curve for gastropods lies below that for bivalves, 
indicating a higher extinction rate. 

Figure 1 also displays lyellian percentages for several fossil 
faunas of eastern North America (Fig. 2). The percentages that 
represent the Pliocene Epoch fall well below the band of points 
forming each standard curve, indicating excessive regional 
extinction late in Cenozoic time. An age of <2 Myr for the 
Waccamaw and Caloosahatchee faunas >™!* indicates that at 
least some of the extinction took place during the Pleistocene. 
Lyellian percentages for Miocene bivalve faunas of eastern 
North America also fall below the standard curve, but this is also 
a result of post-Miocene extinctions, as shown by the fact that 
29% of the bivalve species of the Middle Miocene Calvert 
Formation of Maryland’ occur in the Pliocene Yorktown zone 
2 fauna of Virginia, which is 10 Myr younger’®. If we treat the 
latter as a lyellian endpoint, the 29% survival from the middle 
Miocene to this endpoint is only 8% below the normal lyellian 
percentage of ~37% for a 10 Myr-old bivalve fauna. The 
discrepancy can be attributed to imperfection of the Yorktown 
zone 2 fossil record and to zoogeographic differences between 
the Calvert and Yorktown faunas. In other words, rates of 
extinction in the Chesapeake Bay region were little, if any, 
above normal during the late Miocene. 

The extent of the late Cenozoic extinctions is indicated by 
the presence of ~1,000 bivalve and gastropod species in the 
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Fig. 1 Lyellian percentages for the Bivalvia (a) and the Gastro- 
poda (b). Points for California (@) and Japan (A) form tight curves, 
indicating normal rates of extinction for the two classes*. ©, Faunas 
of the Atlantic Coastal Plain, from locations shown in Fig. 2; 
horizontal bars within diamonds indicate the uncertainty of ages 
We Include no data for the Interval between 11 and 5 Myr ago 
because faunas of this interval are poorly represented in the fossil 
record and poorly studied. Faunas (by number) and references for 
age/composition as follows: 1, ref. 49/R. Spencer and L.D.C., m 
preparation; 2, refs 16/50; 3, refs 51/9, 4, refs 16/16; 5, reds 
51/16, 6, refs 52/53, 54, 38; 7, refs 16/16; 8, refs 16/16, 9, refs 
16/16, 10, refs 52/16; 11, refs 16/16; 12, refs 55/56, 57; 13, refs 
55/56, 57; 14, refs 55/56, 57; 15, refs 55/56, 57. 
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4 Myr-old upper Pinecrest beds of the Tamiami Formation at 
Sarasota, Florida, as documented by the Bradley Collection at 
the Florida State Museum in Gainsville. This approaches the 
species richness of the entire Caribbean region today’ ’. Farther 
north, the entire continental shelf off Virginia today harbours 
about 220 species'’. More than twice this many fossil species 
have been collected from adjacent 4-Myr-old Yorktown zone 2 
sediments. Even if we assume that every distinction between a 
Yorktown zone 2 species and a living species that is questionable 
is invalid, the lyellian percentages for the Yorktown zone 2 
faunas remain very low: 20% for bivalves and 15% for gastro- 
pods. Clearly the modern Western Atlantic fauna is severely 
impoverished, and what we have documented, amounts to a 
regional mass extinction. 

We can hypothesize two possible causes for the Neogene mass 
extinction: first, habitat loss and interspecific crowding due to 
sea-level lowering; and, second, lethal decline of temperatures. 
We favour the second hypothesis for the following reasons. 

(1) Rate of extinction is normally higher for gastropods than 
for bivalves (Fig. 1), probably in part because, on the average, 
gastropod species have narrower geographical ranges”. Our set 
of lyellian percentages for decimated Western Atlantic bivalve 
faunas, however, is statistically indistinguishable from the set for 
gastropod faunas. This suggests that the faunas were affected by 
some agent, like regional temperature change, that was 
unrelated to normal background causes of extinction. 
Compression of ranges by sea-level lowering would be expected 
to have a more severe impact on narrowly distributed species 
than on broadly distributed species. 

(2) Regression alone has failed to cause mass extinction. 
Pleistocene lowering of sea level in California and Japan 
produced no excessive regional extinction (Fig. 1), although 
continental shelves in each area are narrow. Furthermore, at 
least along the shelf of south-central Japan, it is known that 
temperatures did not change appreciably across the Plio-Pleis- 
tocene boundary'*. Late in Miocene time, there was nearly 
worldwide regression of seas’” that affected eastern North 
America’’. The apparent cause of the regression was an expan- 
sion of Antarctic glaciation*’”’ that had virtually no effect on 
climates of the Northern Hemisphere. As Fig. 1 shows, this 
regression caused no pulse of extinction in California, Japan or 
the Chesapeake Bay region. 

(3) Nearly all Western Atlantic molluscan species of the last 
major interglacial stage (Sangamon) are extant’. Examples are 
species of the Norfolk fauna of Virginia (Figs 1, 2) and the Fort 
Thompson fauna of Florida. This faunal stability late in Pleisto- 
cene time suggests the operation of a threshold effect. In Florida, 
successive Plio-Pleistocene faunas are separated by uncon- 
formities**. The sequence from Pinecrest to Caloosahatchee to 
Bermont to Fort Thompson represents the stepwise 
impoverishment of the enormous early Pliocene Pinecrest fauna 
(D. Wilson, personal communication). By the late Pleistocene 
time there apparently remained in the Western Atlantic only 
species that could tolerate the temperature regimes of glacial 
stages. Crowding and loss of habitat, in contrast to temperature, 
are not rigid filters. Had they been the chief sources of extinc- 
tion, the partially stochastic nature of their operation®* would 
probably have led to a higher incidence of extinction during the 
last great glacial regression than the observed 1-3%, which 
resembles the percentage for stable Pacific faunas (Fig. 1). 

(4) A similar extinction event has been documented for 
Mediterranean bivalves at the time of the Plio-Pleistocene 
transition. Although not as severe as the Western Atlantic mass 
extinction, the Mediterranean event was clearly caused by a 
lowering of temperatures. It eliminated tropical faunal elements 
and was followed by an invasion of boreal species” 

Continental glaciation began in the Northern Hemisphere 
~3 Myr ago and was associated with a pulse of climatic cool- 
ing’. This is notable because we know that mass extinction 
commenced along the Atlantic Coast after 4 Myr ago (Fig. 1). 
Study of planktonic foraminifera indicates that at times during 
the late Pleistocene, winter sea-surface temperatures in the 
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Fig. 2 Geographical location of faunas of the Eastern United 
States for which data are plotted in Fig. 1. 


south-west Caribbean Sea were as much as 4°C colder than 
those that obtain there today**, whereas Pliocene temperatures 
were even warmer than those of the present. Furthermore, 
regressions during glacial episodes must have accentuated cool- 
ing in shallow water, relative to conditions during Pliocene 
times, by reducing the area of shallow seas, which represent 
thermal reservoirs. At higher latitudes, in the area south of New 
England, the results of CLIMAP suggest ‘dynamic seasonal 
change’ nearshore during the last glacial interval, with autumns 
and winters dominated by sea ice and with warmer water moving 
in during spring and summer’”. Such conditions contrast sharply 
to the subtropical conditions that had been attained in Virginia 
during latest Yorktown time*’. The youngest Yorktown zone 2 
faunas have much higher percentages of Caribbean elements 
than the older Yorktown zone 1 and Miocene faunas of the same 
region. 

The warm interlude represented by the Yorktown zone 2 
faunas probably resulted from the closure of the Isthmus of 
Panama ~3.5 Myr ago. At this time, the Gulf Stream passed far 
northward along the Atlantic Coast, beyond Newfoundland. 
Blockage at the Isthmus of Panama is thought to have deflected 
the North Equatorial Current northwards, strengthening the 
Gulf Stream*’. We suggest that this stronger northward flow of 
warm water gave the Yorktown zone 2 its subtropical character. 
The warm interlude along the Atlantic Coast was short-lived, 
however. When continental glaciation began in the Northern 
Hemisphere ~3 Myr ago, the Labrador Current greatly 
increased in strength and influence, and this cold, southward 
flowing current displaced the Gulf Stream to its present, more 
southerly, position” '. It was strong southward incursions of the 
Labrador Current during glacial expansions, and also a general 
climatic cooling as far south as the Caribbean, that we suggest 
caused the Neogene mass extinction. Considerably more than 
1,000 species of Western Atlantic molluscs were eliminated'®. 
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Climatic deterioration is one of the least far-fetched 
mechanisms that can be invoked to explain mass extinctions. 
Because marine regressions are easily detected in the rock 
record, they have been cited more frequently than climatic 
change as possible agents of mass extinction?’ >’. Nevertheless, 
while temperature ‘ean cause global extinction, regression has 
never been proved to have this capacity. In fact, when we note 
that at presen eatest diversity of nearshore benthos is 
found around islands, whose sublittoral areas often 
expand as sea | alls, it is difficult to imagine how worldwide 
regression can ate large taxa simply by causing crowding 
or loss of habitat on continental shelves. Our data showing great 
stability for molluscan faunas of California and Japan during the 
past 3 Myr suggest that regression is not an effective agent of 
extinction even on narrow continental shelves. Another 
deficiency of the regression hypothesis is that it fails to apply to 
either pelagic marine life or terrestrial life, both of which have 
suffered in many mass extinctions. Climatic deterioration does 
not share this limitation. 

There is evidence that climatic cooling may have been the 
primary agent of three major pre-Neogene episodes of mass 
extinction. Significantly, each of these three events struck 
pelagic as well as benthic marine life: (1) At the end of the 
Eocene benthic molluscs*®, planktonic forminifera*’** and 
phytoplankton** suffered major extinctions. Evidence from ter- 
restrial floras indicates that a pulse of climatic cooling“? 
occurred simultaneously. (2) Regressive sequences and tillites 
now provide good evidence of a glacial episode at the close of 
Ordovician time, when not only marine benthos but also plank- 
tonic graptolites experienced mass extinction**”*. (3) At the end 
of the Frasnian interval of the late Devonian, both benthos*’ and 
the phytoplankton** were decimated on a global scale. At this 
time, tropical faunas suffered heavy losses (the stromatoporoid- 
tabulate reef community disappeared altogether), yet the 
apparently cold-adapted faunas of the Malvinokaffric 
Province survived near the South Pole*’ with little effect. 

We suggest that climatic change be accorded wider con- 
sideration than it has received in the past as a potential agent of 
mass extinction. 

This research was supported by NSF Grant DEB-782430. We 
thank John Imbrie for discussions of CLIMAP data. 
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Bridgwater et al.’ issued a ‘cautionary note’ concerning several : 
reports published by Pflug and co-workers’ describing objects __ 
called yeast-like microfossils (/suasphaera isua Pflug) froma 
metamorphosed quartzite of the 3,800-Myr-old [sua _ 
supracrustal belt of south-west Greenland; Bridgwater et al. 
believe that the objects described by Pflug et ai.*~* are ‘indis- 
tinguishable from limonite-stained fluid inclusions’ and hence 
are non-biogenic. I show here that the objects are neither _ 
limonite-stained fluid inclusions ner microfossils, but are 
limonite-stained cavities from the otherwise complete dis- 
solution by weathering of ferruginous dolomite grains in these 
rocks. Several supporting arguments presented by both sidesare 
believed to be invalid, and others are ambiguous. In view of the _ 
extensive research on the earliest life forms, and their 
significance to evolution, to early geochemical cycles and to the. 
origin of the atmosphere and some ore deposits, the exact nature 

of the Isua objects, and particularly the validity of the evidence 
either for or against a biological origin, are of considerable 
importance. A careful evaluation of the evidence from Isua is 
particularly pertinent, as bona fide Precambrian fossils are also 
found in chemically similar (but much younger) silica-rich 
environments. 

I have examined the following sections of the original rock in 
question (no. 2377): 2377-1-D from J. W. Schopf, UCLA; and 
2377, 2377-G, and 2377-G,, and a small piece of the rock itself, 
from H. D. Pflug. The objects vary only in abundance among: the 
four sections. oe 

A brief description of the ‘fossil-like’ objects is ne essary 
because some of those described by Bridgwater eral,’ 
the same type as are those described by Pflug etal, *. The 
are irregularly ovoid features, ~ 10-40 um in len th, which i are 
distinguishable from the embedding quartz on the basis of two 
features: (1) the walls of the ovids are coated and hence outlined 
by a granular substance having a relatively high index of refrac- 
tion {n much greater than that of quartz); some ovoids are partly 
filled by this substance; and (2) this substance is dark yellowish 
brown. 

Bridgwater et al.’, however, described two quite different 

‘categories’ of ‘fossil-like’ objects. One is yellowish to reddish 
brown (here called brown objects), and corresponds exactly to 
the objects described by Pflug. The other are “. .. clear, spheri- 
cal to ellipsoidal structures (Fig. 16), occur only within quartz 
grains (rather than at grain boundaries); these structures are 
comparable to fluid inclusions . . .” (here called clear objects). 

They are always closely associated with the brown objects (Fig. 
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15, c), but in all the many photomicrographs of Isuasphaera isua 
presented by Pflug ef al.™5, not a single clear object is seen. 
Although they did not so state explicitly, the context indicates 
that Bridgwater er al.’ believed that the brown objects are the 
exact equivalents of the clear objects, but as a consequence of 
occurrence on grain boundaries, the brown objects have become 
iron stained. I hope to show first that this equivalence is indeed 
correct, but then to show that neither brown nor clear objects 
are, or were, fluid inclusions or microfossils. 

Not being a palaeontologist, I am not qualified to discuss the 
various morphological features within the objects that are 
described by Pflug et al.*-* as biogenic structures, except to note 
that at least some of the Isua objects each appear to my 
untrained eye to be extremely similar to at least one or more of a 
series of previously described (and more generally accepted) 
Precambrian microfossils® °., As a result of my petrographic 
examination, however, I present the following observations that 
are pertinent to the origin of the Isua objects and may also have 
some applicability to samples from other localities. 

(1) Deformation of the host material: the bulk of the evidence 
presented by Bridgwater et al.’ to negate a biological origin for 
the brown objects is based on the premise that such fossils could 
not be preserved in rocks that had undergone such an extensive 
series of high-grade metamorphic and tectonic events. 

The amount of deformation in any compositionally banded 
metamorphic rock will vary widely with the nature of the 
assemblage; quartzites are among the most resistant bands and 
frequently form boudins, and hence should be the most resistant 
to the destruction of any fossils (macro or micro). The quartz in 
sample 2377 does show some preferred orientation, from an 
unknown stage in the metamorphic history. This was best seen 
by asimple optical integration procedure: view in crossed polars 
with the 1A plate, at very low magnification and grossly de- 
focused. During rotation of the stage, an overall change from 
bluish to yellowish is readily visible. 





Fig.1 a, Photomicrograph at low magnification of actinolite-rich 
band between two quartz-rich bands in sample 2377. Two small 
clusters of brown objects are visible (arrows). b, Two clusters, 
containing respectively 46 and 27 brown objects (photographed in 
green light, so they appear opaque), along with many clear objects 
(here mostly silicate crystals) in an area of quartzite sample 2377 
that is free of all but a few small actinolite needles. Note also the 
lack of ‘limonite stained grain boundaries’. c, Enlarged view of a 
part of a cluster similar to those shown in 1b, showing two brown 
objects and many clear objects. 





Fig. 2 Band of brown and clear objects that appears to cut 
across quartz-grain boundaries in actinolite-free quartz in sample 
2377-1-D. 


(2) Distribution of the objects: most of the clear and brown 
objects occur in a very small fraction of each section, in scattered 
clusters or bands of larger quartz grains (~100-500 um in 
diameter). These particular bands have little or no actinolite 
(Figs la, 2). 

(3) Nature of the clear objects: I find most of the clear objects 
to be crystals of one or more silicate minerals and not fluid 
inclusions (Fig. lc). They are ovoid single crystals (some are 
slightly greenish) having an index of refraction n much greater 
than quartz and moderate to high birefringence, and in polished 
sections they are more reflective than the host quartz. The clear 
objects that are not crystals of silicate minerals are ovoid, single 
crystals of a rhombohedral carbonate mineral, presumably fer- 
ruginous dolomite. Some of these, in turn, have one or more 
small (~1-2 um) fluid(?) inclusions attached to the interface 
with the host quartz; these inclusions may be high-pressure gas, 
as the quartz enclosing some of the carbonate inclusions shows 
strain birefringence, and many of the carbonate inclusions have 
decrepitated to form pits where they are cut by the polished 
surface. Identification as dolomite was based on optic sign, on 
estimates of the birefringence and the indices of refraction 
relative to those of quartz, and on solution in HCI under the 
microscope, accompanied by very slow effervescence, of three 
small grains that were at the surface. The presence of dolomite in 
contact with quartz places limits on the maximum pressure- 
temperature combination of the metamorphism. These two 
minerals react to form diopside plus CO, at 2,000 bars at 
~520°C (ref. 11); each 20 °C above 520 °C increases the pres- 
sure another 1,000 bar. I do not know why these few grains have 
not reacted, whereas other presumed grains have reacted to 
form actinolite. 

(4) Nature of actual fluid inclusions present: only a relatively 
few isolated true fluid inclusions were found. These are at most 
only a few micrometres in length (Fig. 3); they are irregular or 
faceted but not ovoid; they consist of two isotropic phases (liquid 
and a gas bubble, which is frequently in motion); n is much less 
than quartz; and at a polished surface, they would be represen- 
ted only by holes. None was found in the size range (and shape) 
of the clear or brown objects. Hence I suggest that the two clear 
objects illustrated by Bridgwater et al.' in their Fig. 1b, which 
they called fluid inclusions, may be silicate or carbonate crystals 
rather than fluid. 

(5) Distribution of objects relative to quartz grain boundaries: 
the specific nature of the occurrence of the objects—on grain 
boundaries or within single quartz crystals—is critical to the 
interpretation of many of the data obtained, and is surprisingly 
difficult to determine unambiguously. Pflug et al.* stated that 
some of his brown objects were actually within single crystals of 
quartz, whereas Bridgwater ef al.' stated that the brown 
objects *...show a marked concentration at quartz grain 
boundaries ...’’. The importance of this distinction lies in the 
fact that if a brown object were actually enclosed within a single 
crystal of quartz, both deformation and chemical metasomatism 
of the surrounding rocks would be of no consequence to its 
preservation unless that quartz crystal were deformed and 
recrystallized. A close analogy is the preservation of the spiral 
growth patterns in some metamorphic garnets”. However, the 
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apparent occurrence of some brown objects within quartz crys- 
tals is only apparent, as shown by the next observation. 

(6) Solubility of the brown material: I gently crushed 
~100 mg of sample 2377 to <~1 mm, immersed it in 1.55 index 
oil, and picked out ~50 grains, each containing one or more 
typical brown objects. After removal of the oil, I covered these 
grains with dilute HCI (20 vol.% concentrated HCI, 80 vol.% 
H20) at 22 °C. All the brown objects (~250) and brown grain 
boundaries (Fig. 4) lost their brown colour completely within 
30 min, leaving cavities partly or completely filled by clear or 
slightly yellowish acid. Organic materials in sediments, parti- 
cularly old sediments, are generally considered to be relatively 
immune to attack by HCl, and this insolubility, even in hot, 
concentrated HCI (+HF) is commonly used as the basis for a 
laboratory technique for concentration of the organic matter’. 
Because the brown objects were readily soluble in cold dilute 
HCl, and because a yellow solution remained in the cavities, I 
conclude that the brown material in the objects I have examined 
is not organic and is probably limonite. Even more important to 
other studies of possible Precambrian organic matter is the fact 
that these brown objects were not completely enclosed within 
single quartz crystals, even though they appeared to be. From 
the fact that clear objects, of both carbonate and silicate types, 
were not affected by the acid, I conclude that every dolomite 
grain that was not completely enclosed in an unfractured single 
quartz crystal has been weathered to yield a limonite-stained 
cavity, that is, a brown object, and I conclude that the same, in 
part optically invisible pathways permitting early entry of the 
weathering solutions also gave access to the HCI. 

The above conclusion concerning the nature of the Isua brown 
objects requires some disposition of several other lines of evi- 
dence proposed to support each of the other two theories: 

Bridgwater et al.' interpret the ‘budding’ reported by Pflug et 
al.* as a ‘necking-off’ process commonly occurring in inclusions, 
and refer to my own work. Unfortunately, however, the most 
diagnostic feature that is routinely used by students of fluid 
inclusions to recognize arrested necking-off—the common 
occurrence of pairs of individually isolated, generally ovoid 
inclusions, each having a sharp projection pointing towards the 
other of the pair'*—was not seen in any Isua brown (or clear) 
object. I interpret the budding as the result of the weathering of 
touching composite grains, as many almost identical shapes can 
be found among unweathered crystal inclusions. 

Bridgwater et al.’ state that the reported ‘gas vacuoles’ (see 
their Fig. 1f) are bubbles trapped within the objects during their 
formation and recrystallization, that is, primary gas inclusions, 
but I find no evidence of trapping of primary gas. The high 
metamorphic pressures they suggested also tend to preclude 
trapping primary gas, and no such bubbles are found in the clear 
objects. 

They also found brown objects with rhombohedral, obviously 
crystalline shapes (see their Fig. le). These may well represent 
former carbonate crystals. The exact mechanisms whereby soft 
microfossils become preserved in crystalline silica are obscure’’, 
but there seems to be no doubt that such structures are pre- 





Fig. 3 a-d, Four typical aqueous fluid inclusions from sample 
2377-1-D. The smaller vapour bubbles are in constant motion 
(particularly that shown in d) and hence are not in sharp focus. 
These inclusions would homogenize over a wide range of tempera- 
ture; they all are probably secondary. Scale bar, 5 um. 





Fig.4 Cluster of brown and clear objects in samplé 2377 in which 
some dark olive-brown matter apparently has leaked out along the 
grain boundaries (arrows). 


served in younger rocks, though the reading of the record is 
fraught with difficulties'®. However, I see no difficulty in the 
presumption that the cavity representing a microfossil within a 
quartz crystal could become faceted and hence could represent 
merely an intermediate stage in its destruction. Similarly, I see 
no difficulty in the presumption that actinolite needles could 
have grown in such a way that they appear to penetrate the 
brown objects, regardless of their origin. 

Pflug et al.* stated that the brown material is more resistant 
than quartz to attack by hot vapours of HCI and HF; this is to be 
expected for limonite, as iron chlorides and fluorides are not 
volatile as SiF, is. 

Pflug ef al.* reported that brown objects (supposedly within 
single quartz grains) showed weak fluorescence, and extensive 
optical, IR absorption and Raman spectral studies by Pflug et 
al.*~* showed a series of organic components in the brown 
objects. I suggest that these data may stem from natural organic 
contamination during weathering, or even from migration of the 
indigenous, 3,800-Myr-old organic matter reported to exist in 
these rocks'”'*, The extremely weak spectra expected from 
major limonite could easily be lost in the very strong signals 
expected from trace organics. 

The ‘multilaminant sheaths’ (that is, multiple layers of brown 
material on the walls) reported and illustrated by Pflug et al.” 
may represent several stages of deposition of limonite. 

The several brown objects that also contain liquid and vapour 
in the central cavity (ref. 1, Fig. 1f; ref. 5, Plate 2, Figs 4 and 8) 
may well be cavities formed by weathering of dolomite grains 
that have since been partly resealed by precipitation of silica (the 
highly variable gas—liquid ratio ratio suggests that this sealing is 
poor). 

Many Phanerozoic fossils have been infilled with calcite or 
other minerals, and subsequently leached, but these occur in 
permeable, polycrystalline rocks, not within single crystals. 

Even though I conclude that the Isua objects are not micro- 
fossils, I am confident that organic material, and even 
morphologically recognizable fossils, if actually trapped within 
single crystals, should be able to withstand rather high grade 
metamorphism. The ability of organic matter to persist is 
evident from the fact that coalification of organic matter does 
not proceed as far in a given set of conditions if the gaseous 
products cannot escape as it does if gaseous products can 
escape’’. I also conclude that incipient weathering (and in these 
samples, even complete dissolution of dolomite grains) can take 
place through seemingly tight grain boundaries and even 
through invisible fractures in apparently ‘unweathered’ rocks. 
The most important conclusion. however, is that considerable 
caution is called for in the study of Precambrian microfossils. 

I thank Professors Pflug, Bridgwater, Schopf, Klein and 
Strother for their cooperation and discussions, and for access to 
samples from Isua, 
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Lagenostomalean-type seeds in bifurcating cupule systems have 
been discovered in the late Devonian Hampshire Formation of 
Randolph County, West Virginia, USA (Fig. 1). The associated 
megafiora, plants from coal balls, and vertebrate and inverte- 
brate faunas demonstrate that the material is Famennian; the 
microflora indicates a more specific Fa2c age. Consequently, 
these seeds predate Archaeosperma arnoldii from the Fa2d of 
northeastern Pennsylvania, the oldest previously reported seed. 
By applying precision fracture, transfer, dégagement, and thin- 
section techniques to selected cupules from the more than 100 
specimens on hand, we have determined the three-dimensional 
morphology and histology of the seeds (Fig. 2a—A, k) and cupule 
systems. A comparison with known late Devonian to early 
Carboniferous seeds reveals that ours are more primitively 
organized than all except Genomosperma*”. 

Cupules terminate a bifurcating branch system. In the more 
extensive specimens the bottom forks are relatively equa! while 
more distal forks are less so and occur at progressively closer 
intervals. The cupules (Figs 2a—c, 3), ~1-cm long and apically 
flared to ~ 1-cm wide, also consist of a bifurcating system but are 
highly condensed and easily distinguished from the rest of the 
branch system. The cupule base bifurcates twice at right angles 
to form four quarters (Fig. 3). Each quarter bears a seed towards 
the centre of the cupule and has four sterile telomes towards the 
exterior (Figs 2a, b,3). Thus a complete cupule has 16 free 
apical tips surrounding the seeds. All parts of the cupule, 
including the seed stalks, are supplied by small, terete, centrarch 
xylem strands of annular to scalariform tracheids. Compressed 
cupules closely resemble those of Archaeosperma', but when 
preserved in a relatively uncompressed state (Fig. 2k) the free 
tips surround a single seed-containing cavity. Our cupule branch 
systems also resemble Moresnetia* and individual cupules are 
similar to those of Eurystoma and Stamnostoma*” and to 
Hydrasperma*® but are more obviously dichotomous than 
these. This reinforces the interpretation that lyginopterid 
cupules originated from systems of dichotomous branchlets. 

The radiospermic seeds are 5-6 mm long and taper from 
~2 mm in diameter in the midregion to ~1 mm at the base (Figs 
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26, c, 3). The 4-5 parted integument is smooth and fused to the 
megasporangium in the basal 1/3 of the seed (Figs 2c-g, 3). 
Distally the integument divides into separate lobes that gradu- 
ally curve inwards at their tips (Figs 26, c, 3). The individual 
lobes are free from one another slightly below the level where 
each separates from the megasporangium. Externally the 
degree of integument fusion (connation) is only slightly greater 
than that of Genomosperma latens*’ while internally the 
degree of fusion to the nucellus (adnation) is more like that of 
Salpingostoma*” or Tantallosperma’. The top of the nucellus 
(megasporangium) bulges conspicuously into the space encir- 
cled by the free tips of the integument lobes (Figs 2b, d, 3), and 
its apex is elongated into an apparent salpinx-like tube (Fig. 2d). 
Below the pollen chamber (Fig. 2h) the nucellus consists of 
several layers of delicate cells covered by an epidermis of 
radially elongated cells and surrounds a prominent megaspore 
membrane. 

The seed-bearing cupules are most abundant in the under- 
clays and roof shales of two 10-cm thick coal beds separated by 
15 m of sediment. The underclays contain an upper layer with 
many rooted axes of Rhacophyton and grade downward into 
siltier layers in which, besides Rhacophyton, are found 
numerous cupules, pinna and pinnules of Sphenopteris, a lyco- 
pod, fish scales, and linguloid brachiopods. 

The coals, formed primarily from autochthonous Rhacophy - 
ton fragments, contain partings of fine clastics and are highly 
pyritic. The pyrite has sometimes petrified individual axes of 
Rhacophyton, but in other cases has enclosed masses of 
uncompressed Rhacophyton (Fig. 2i, j) in flattened concretions 
which represent the oldest coal balls ever found”. These coal 
balls are further unusual in that nearly all consist of a lower layer 
of uncompressed autochthonous Rhacophyton peat and an 
upper layer of allochthonous marine clastics containing 
compressed plant detritus, fish scales, and occasional brachio- 
pods (Fig. 2i, j). Coal balls with a similar mixture from Pennsyl- 
vanian-age coals have been called ‘heterogeneous mixed”. 

The associated flora of the interbedded deltaic deposits 
consists mostly of the progymnosperm Archaeopteris (A. maci- 
lenta, A. halliana, A. obtusa, A. hibernica, and A. spheno- 
phyllifolia and Callixylon erianum) and the zygopterid fern 
Rhacophyton ceratangium. These assemblages occur in distinct 
layers and pockets. Other less common plants include branch 
systems with synangia like Aneurophyion olnense,; petrified 
Hierogramma ; a lycopod with vertically elongated leaf scars like 
Helenia, Heleniella, or Protopinakodendron; Barinophyton, 
Xenotheca; Condrusia; Sphenopteris; and the cupules. The 
plants and animals are distributed in this sedimentary sequence 
in characteristic patterns. Continued study should help us to 
understand the palaeoecology of these earliest seed plants. 

The Hampshire Formation in this part of West Virginia 
(Cassadaga Stage, Chautauquan) is generally regarded as mid to 
late Famennian in age’. The megaflora fits Banks’’” assemblage 
VII (mid Famennian to basal Tournaisian), but the flora is 
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Fig. 1 State of West Virginia with Randolph County lined and 
locality dotted. 
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Fig. 2 a, Exterior of a cupule 
showing parts of two quarters, <3. 
b, Interior of the same cupule (C) 
showing the attachment of two 
seeds (S), one to each quarter. Left 
seed, seen in median longitudinal 
fracture, shows the shape of the 
megasporangium and its bulging 
apex, <6. c, Interior of another 
cupule (C) with three nearly 
complete seeds (S) showing the 
free integument lobes. x6. d, 
Counterpart of the megasporangial 
apex (MSP) of the left seed in b to 
show the bulged dome terminated 
by a salpinx-like tube (SA) and the 
inner surface of one integument 
lobe (IN) that curves over it. x20. 
e, Cross-section fracture of the 
base of the middle seed (partially 
petrified) from c to show its circu- 
lar outline at this level and its stalk 
(ST). x21. f, Cross-section fracture 
of the same seed, but higher, to 
show its four-angled integument 
and megaspore. X21. g, Oblique 
cross-section fracture below the 
middle of the left seed (partially 
petrified) in c to show the four- 
ridged integument separating into 
free lobes above this level (two IN). 
x21. h, Cross-section near the 
middle of a petrified seed to show 
integument lobes (IN), part of the 
free megasporangium (MSP), and 
some of the megaspore membrane 
(MM). x95. i, Etched coal ball 
slice to show coal (bottom), 
uncompressed autochthonous 
Rhacophyton peat (middle), and 
compressed allochthonous marine 
detritus (top). <3. j, Detail of the 
Rhacophyton axes from i. x13. k, 
Cross-section of a petrified cupule 
(C) from a coal ball to show 
exterior cupule lobes surrounding 
several seeds (S) cut near their 
bases. x13. 


almost identical to that from the Assise d’Evieux of Belgium* 
which is mid late Famennian (Fa2c). The fauna is biostrati- 
graphically less useful but supports a late Devonian designation. 
Another nearby section of the Upper Hampshire'':'?, but with 
only Rhacophyton and Archaeopteris present, has yielded a 
microflora age of lower Fa2c (VUi in European spore zones)”, 
but is probably slightly younger than our locality (J. F. 
Schweitering and J. M. Dennison, personal communications). A 





preliminary palynological analysis suggests that our material is 
no younger than upper Fa2c (VUs) (G. D. Wood, personal 
communication), 

If this biostratigraphic analysis is correct, then our seeds are 
significantly older than Archaeosperma arnoldii from the 
Oswayo Formation of Pennsylvania’. The Oswayo microflora 
from adjacent stratigraphic sections in New York suggests an 
age no older than Fa2d (PLi) and is probably at the top of the 
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Fig.3 Reconstruction of parts of a cupule with three seeds; xylem 


in black. 


Fa2d (G. D. Wood, personal communication). According to 
palynological studies'*"'® other seeds reported from late 
Devonian rocks of southern Ireland (Spermolithus devonicus"’ 
and Hydrasperma tenuis’) are probably even younger. 
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Microwear polishes on early 
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The functions of the stone artefacts made and used by early 
hominids has been a matter for speculation. However, recent 
experimental work has demonstrated that microscopically dis- 
tinct wear-polishes form on tools of cryptocrystalline silica when 
used on different materials, and that these microwear polishes 
survive on ancient implements’. We have now examined 54 
artefacts from five early Pleistocene archaeological sites, dated 
to 1.5 Myr ago, in the Koobi Fora region of Kenya for 
microwear polishes and other traces of use. Wear traces were 
found on nine artefacts, varicusly resembling traces induced 
experimentally by cutting soft animal tissue and soft plant 
material and by scraping and sawing wood. These results greatly 
extend the time range for which microwear polish analysis is 
‘applicable and increase the evidence of early hominid adap- 
tation. 
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Four of the sites sampled were stratified in fine-grained 
floodplain deposits adjacent to ancient stream courses (FxJj 
181TH, 20M, 20E and 50) and one (FxJj 18GS) was found in river 
gravels*. At sites 20 and especially 50, artefacts have been fitted 
together to reconstruct total and partial knapping episodes’, 
demonstrating that they were little disturbed by natural forces 
during or after burial. This conclusion is supported by all other 
pertinent archaeological and geological evidence. Site 18GS is 
an exception and, while most artefacts from this location were 
naturally abraded, one unabraded chert artefact (discussed 
below) was anomalously fresh. 

The assemblages from all these sites are attributed to the 
Karari Industry’, which is regarded as a regional variant of the 
Olduwan Industrial Complex’. K-Ar radioisotope analysis of 
volcanic marker tuffs, stratified above and below these sites, 
date them to ~ 1.5 Myr ago". 

More than 90% of the artefacts at each site were made of 
basalt. The surfaces of the basalt pieces had undergone a light 
chemical dissolution (‘weathering’), making them very unsuit- 
able for microwear analysis. A few more resistant materials, 
including cryptocrystalline silicas and ignimbrites, are found at 
these and most Koobi Fora sites. Fifty-four non-basalt artefacts, 
each with one dimension larger than 2cm and at least one 
non-cortical edge, were selected (by N.T.) from the five Karari 
assemblages for microscopic study. Except for one minimally 
flaked pebble core, all were flakes and flake fragments. A few 
were retouched. 

When examined microscopically, none showed any traces of 
natural abrasion by wind or water and only five bore evidence of 
slight chemical weathering (none of these is discussed below). 
The ridges and edges of all but the latter were microscopically 
sharp and, at x 400 magnification, were indistinguishable from 
the edges and ridges of freshly struck modern flakes of similar 
materials. This finding implies that the original surfaces of these 
artefacts and any wear traces they might bear are likely to have 
survived intact. 

As previous microwear analysis has involved tools of Euro- 
pean flint used on materials from a temperate environment’, 
we ‘re-calibrated’ our inferential base by using experimental 
tools of Koobi Fora and European cryptocrystalline rocks on 
plant and animal materials (including the carcass of a circus 
elephant) from the tropical savanna. (The experiments were 
conducted by N.T., except for the elephant butchery, at Koobi 
Fora on local materials.) Wear traces found on the Koobi Fora 
experimental tools were identical to those seen on European 
implements used in analogous ways with two exceptions: (1) the 
flake surfaces of some of the Koobi Fora chert tools (both 
experimental and archaeological) show a natural ‘greasy’ lustre 
resembling the microwear polish created by low-intensity meat- 
cutting, effectively raising the threshold of detection for the 
latter, and (2) the modern grasses cut at Koobi Fora induced the 
formation of a ‘soft-plant’ polish much faster than temperate 
grasses (10 min of use at Koobi Fora being the equivalent of 
> 1h of use in Europe). 

Both experimental and archaeological specimens were 
cleaned with ammonia-based detergent, H-O, and dilute HCI. 
They were examined with an incident-light microscope at 
magnifications of x 50~- 400 before, during and after cleaning. 
Functional interpretations were based on the reflectivity and 
texture of the microwear polish, the size and direction of micro- 
scratches (‘striae’), the size and character of the edge damage, 
and the distribution of all these traces along an edge’’. Nine 
implements in the sample showed clear microwear traces. 

Four implements, three from site 50, showed a rough-tex- 
tured, ‘greasy’ microwear polish along one of their edges (Fig. 
lc, d) similar to that induced experimentally by cutting meat and 
other soft animal tissues. Striae running parallel to the edge and 
a symmetrical distribution of polish on both edge aspects 
indicate that all were used with a slicing motion. Coincident with 
the areas of polish, all the edges bore microscopic damage scars 
that are typical features of edges used for cutting soft material. 
Three of the tools have cortical surfaces opposite the used edge 
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that may have served as handles during use. After interpreting 
the site 50 tools as meat-cutting knives, it was found that two of 
them were recovered within 1m of a large bovid humerus 
showing narrow cutmarks, presumably from a stone knife (ref. 5 
and E. Kroll, personal communication). 

Two implements had, along portions of their edges, a highly 
reflective, smooth-textured microwear polish of the type 
produced by use on soft plant material containing substantial 
amounts of plant silica (Fig. 1a, e). The intensity of the polishes, 





Fig. 1 Illustrations of five used stone artefacts from Koobi Fora 
accompanied at the right by photomicrographs of their microwear 
polishes. In the drawings, arrowheads indicate the general direc- 
tion of striae, adjacent lines show linear extent of microwear traces 
along an edge and open circles mark where the photomicrographs 
were taken. Microwear polishes are the lighter, less grainy textured 
areas in the photomicrographs. All the photomicrographs were 
taken using an Olympus BHM microscope ( x 50); the width of 
each frame is ~0.95 mm. a, Plant-cutting knife (181H-1165) and 
photo of microwear polish; b, wood scraper (18GS-5971) and 
photo of polish; c, knife (of ignimbrite) probably used on meat 
and/or fresh hide (50-1113) and photo of polish with striae: d, 
meat knife (50-868) with photo of polish (at very edge); e, plant- 
cutting knife (50-1767) and photo of polish. 
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in contrast to the minimal edge-damage indicating brief usages, 
Suggest that these implements were used to cut the highly 
siliceous stems of grasses or reeds. Examination of the polish 
surfaces at higher magnifications with a scanning electron 
microscope, following the method of Anderson’’, may reveal 
undissolved, identifiable phytoliths that could narrow the 
possibilities. Both pieces bear evidence of use with a slicing 
motion—striae parallel to their edges and wear traces sym- 
metrically distributed on both edge aspects. The used edges also 
show the minute damage scars typically resulting from the 
cutting of soft material. These two tools provide the first direct 
evidence that early hominids used stone tools to gather or 
process plant material. 

Three pieces show wear polishes of the type produced 
experimentally by working wood, which resemble those found 
on implements used for working soft plant materia! but are less 
reflective and less developed (Fig. 1b). Two of these tools were 
used as scrapers, as they have polish rounding the edge from the 
ventral aspect, striae at high angles to the edge and ‘stepped’ 
damage scars on the dorsal edge aspect. The other implement 
shows symmetrical wear traces, parallel striae and a few 
crescent-shaped damage scars, indicating its use as asaw. Except 
for ‘hammerstones’ (naturally shaped pebbles used to strike off 
flakes), these three implements may represent the earliest 
identified ‘tools to make tools’. 

Although preliminary, our results are pertinent to the 
controversy concerning the diet of early hominids and the role of 
stone tools in their adaption. The detection of wear traces 
indistinguishable from experimental meat-cutting polishes is 
strong evidence that early hominids ate meat. Our use-wear data 
independently corroborate the evidence of the cut-marks found 
on bones from several early sites, including some of those we 
sampled. Our evidence documents the use, by early hominids, of 
stone tools to cut soft plant material, but does not indicate the 
purpose of this activity. Our identification of a few wood- 
working tools indicates that by 1.5 Myr ago, some stone tools 
were probably being used to create wooden implements. If 
further studies show that such tools are common at early 
hominid sites, then the manufacture of implements such as 
digging sticks and spears may eventually be inferred as part of 
early adaptive patterns. 

The discovery that interpretable patterns of microscopic wear 
can be preserved on cryptocrystalline silica implements even 
from sites 1.5 Myr old implies that microwear analysis can be 
profitably applied to suitable stone artefacts of all ages. We 
should, therefore, be able to document the successive 
appearance of activities, such as animal butchery, wood work- 
ing, hide preparation, bone- and antler-working, throughout the 
entire Palaeolithic. Such investigations will enable archaeolo- 
gists to discuss with greater certainty crucial aspects of the 
behavioural repertoire of early hominids. 

We thank John W. K. Harris and Richard Leakey for aid and 
encouragement, Judith Ogden for drawing the illustrations, and 
especially Glynn Isaac and Tim White for many helpful sugges- 
tions. The Koobi Fora Archaeological Project, a joint effort of 
the National Museums of Kenya and the University of Califor- 
nia, Berkeley, is funded by the NSF. Funds for some of the 
equipment used in this study were provided by the L.S.B. 
Leakey Foundation. 
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fish predation on a marine insect 
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It has been proposed that a major factor underlying the evolu- 
tion of gregarious behaviour is a reduction in the risk of being 
attacked by predators’. One way in which individuals may gain 
protection from predators by joining a group is through a simple 
‘dilution’ effect—for any one predator attack, the larger the 
group of prey animals, the smaller is the chance that any 
particular individual will be the victim. We present here field 
observations of predation on a marine insect, in which it is 
possible, for the first time, to quantify the magnitude of the 
dilution effect and distinguish it from other benefits of group 
living. 

There are two reasons why it has proved difficult to obtain 
reliable evidence that the grouping of prey animals reduces the 
risk of predation by a simple dilution effect. First, predation 
attempts, particularly on vertebrate prey, tend to be relatively 
rare and it is therefore difficult to quantify the effect. Second, the 
dilution effect is likely to be masked by other advantages of 
group living, such as improved efficiency of feeding and 
reproduction or, more importantly, improved detection and 
confusion of the predator. This is why, in the lily pond scenario 
envisaged by Hamilton’, the approach of the snake predator is 
unseen and cannot therefore directly initiate avoidance 
behaviour by the frogs. The frogs, nevertheless, form into 
groups and in so doing reduce the individual’s chance of being 
eaten. Several studies have indicated that predator success 
decreases as the group size of the prey increases (for example, 
see refs 4-6). However, partly because in these studies the 
predators’s approach was visible to the prey, it is unclear to what 
extent the benefits of increased group size are the result of a 
dilution effect or of some other effects, such as improved avoi- 
dance behaviour. 

We have studied predation by a small (~4 cm) fish (juvenile 
Sardinops sagax: Clupeidae) on a marine insect, the ocean 
skater Halobates robustus (Hemiptera: Gerridae)”. This 
system is ideal for a study of predation on the selfish herd and 
provides a surprisingly close parallel to Hamilton’s lily pond 
phantasy. Groups of readily visible insects were confined in two 
dimensions on the surface of the sea. The insects were not 
shielded by vegetation or other natural objects and one would 
therefore predict that cover-seeking behaviour would be well 
developed’. The fish and the insects occurred in very large 
numbers and predation attempts were frequent. The prey could 
not see their fish predators under the water surface”, therefore 
group size could not in this respect improve predator detection 
or enhance avoidance behaviour, such as is initiated by the 
approach of predators from the air*’°. There are two further 
simplifying factors. Observations can be restricted to animals 
that are not feeding, as the individuals in flotillas appear not to 
feed, and solitary, non-hunting individuals can be distinguished 
on the basis of their behaviour from solitary, hunting ones®. In 
this study, observations were confined to flotillas composed 
almost entirely of juveniles: complications associated with 
mate-searching and reproduction are therefore unlikely to be 
important. 

The insects and their predators were observed on the seawater 
surface close to a lava shore at Caleta Tortuga Negra, Isla Santa 
Cruz, Galapagos Islands, during September 1980. The clupeid 
fish swim in shoals of several hundred individuals ~25-50 cm 
below the water surface. Individual fish hunt H. robustus by 
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swimming swiftly to the surface, pecking briefly at an insect and 
then rapidly swimming down to rejoin the school. 

We observed Halobates flotillas of different sizes (including 
solitary individuals) for periods of 5 min and counted the 
number of attacks on them. There was a clear relationship 
between number of attacks per individual per unit time and 
group size, which on a double log plot gives a straight line with a 
slope of ~1.118+0.123 (95% confidence limits) (Fig. 1). The 
slope of this observed relation is not significantly different from 
the expected slope of —1.000, assuming a simple dilution effect 
with the probability of attack per individual being inversely 
related to group size. An alternative way to establish this effect is 
to test whether the attack rate per group is independent of group 
size. There is no significant correlation between group size and 
attack rate per group (Spearman rank correlation coefficient, 
r, = ~0.26, n = 33), which supports the idea of a dilution effect. 

We also recorded the number of captures per unit time and 
this revealed a further benefit of group living. The capture rate 
per group declines with group size (7, = —0.66, = 33): groups 
of 150 suffer fewer attacks than do solitary individuals (P< 
0.001, Mann-Whitney U test, nın: = 14, 4). Therefore, being in 
a group not only reduces the risk of attack, by the dilution effect, 
but also reduces the likelihood of the success of such attacks. 
However, this further benefit is relatively small compared with 
that conferred by the dilution effect. For example, an individual 
in a group of 15-17 is about 16 times less likely to be attacked 
than is a solitary individual (Fig. 1) but the probability of success 
of such attacks is only three times smaller than for a solitary 
individual. The mean success of attacks on a solitary individual is 
20.5+3.3% (14), whereas on an individual in a group of 15-17 
the mean success is 6.6+ 3.8% (14) (mean+ 2 Xs.e.m. (n)). It is 
probable that attacks on larger groups are less successful 
because of greater predator confusion: even when undisturbed, 
individuals in Halobates flotillas are in almost constant motion, 
making corrections for local water movement and frequently 
bumping into each other’. 

This insect and its fish predators provide a natural experiment 
in which it becomes clear, apparently for the first time, that the 
individuals in a group can gain precisely the kind of protection 
from attack that was predicted by Williams’ and Hamilton’ and 
demonstrated in the laboratory by Milinski'’. 
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Fig. 1 Relationship between rate of attack per individual Halo- 
bates and the size of the Halobates flotilla. Rate of attack is plotted 
as the number of attacks in a 5-min observation period, divided by 
the size of the group. The observed slope (solid line) is ~1.118+ 
0.123 (95% confidence limits; n = 33). Dotted line represents the 
expected slope of —1.000, assuming a simple dilution effect. 
Observations were made on Isla Santa Cruz, Galapagos Islands, in 
September 1980. 
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Here we report an unusual case of extrachromosomal in- 
heritance in the parasitic wasp, Nasonia vitripennis. It was 
accidentally discovered during attempts to select for genetic 
variability in the sex ratio produced by females of this wasp. The 
trait, henceforth termed ‘Daughterless’ (DI), is transferred 
paternally and causes the mates of carrier males to produce only 
sons. The effect is not due to mortality of female offspring but 
rather to an increase in the number of male offspring. DI can be 
shown to be extrachromosomally inherited by experimental use 
of the haplodiploid sex determination of this wasp. After intro- 
duction at low frequency, the trait increases to predominance 
in an experimental population within a few generations. 
The DI trait is of theoretical interest because of its paternal 
inheritance, and may have practical applications as a biological 
control agent in pest organisms with haplodiploid sex 
determination. 

N. vitripennis is a small chalcidoid wasp which parasitizes the 
pupae of various fly species. Typically, 20-40 eggs are laid on to 
a fleshfly (Sarcophaga bullata) host and only 5-15% of these are 
males. Development from egg to adult takes 14 days at 24 °C. 
Males and females can be easily sexed at the pupal stage and 
then isolated for controlled matings. As in other hymenoptera, 
N. vitripennis has haplodiploid sex determination; unfertilized 
(haploid) eggs develop into males and fertilized (diploid) eggs 
develop into females. This mode of sex determination gives N. 
vitripennis control over the sex ratio among offspring'”. 

Originally, an experiment was designed to select for genetic 
variability in the sex ratio produced by females of the wasp. Ten 
virgin males and females were collected from each of 10 
different wild-type stocks of N. vitripennis and mated randomly. 
Five of the stocks had been collected from nature within the 
previous 2 months. The following regime was used for each 
generation. Females were isolated singly on hosts for 24 h, then 
after ~12 days the hosts were opened, sex ratios recorded and 
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wasp pupae removed. For each generation, 400 female and 200 
male pupae were selected and placed in a quart container where 
eclosion and mating occurred. Females (100-150) were then 
removed from this container and isolated singly on hosts for 24 h 
to begin the next generation. 

For the first two generations, pupae were selected randomly 
from all the broods for the next generation. This allowed for 
repeated interbreeding between the original cultures. On the 
third generation, ‘high’ and ‘low’ sex ratio selection lines were 
begun. For the high (high proportion of males) line, half of the 
broods with the highest sex ratios was used to select the 400 
female and 200 male pupae for the next generation. For the low 
line, we used half of the broods with the lowest sex ratios. For the 
first selection generation, progeny for high and low lines were 
taken from the mixing population. In subsequent generations, 
they were genetically isolated from one another (see Fig. 1), with 
selection occurring in each generation. 

It was expected that if there was heritable variability in the sex 
ratio, then the high line would evolve a high proportion of sons. 
As the normal sex ratio of the wasp was very low (5—15% sons)’, 
little change in the low line was expected. 

Results are shown in Fig. 1. There was a dramatic increase in 
the sex ratio of the high line, due to the production of all-male 
broods. By the fourth selection generation there were so few 
females in the high line that selection had to be relaxed. The 
production of all-male broods persisted even in the absence of 
selection, remaining at a frequency of 0.40-0.65 until the ninth 
generation, when the line was terminated, The occurrence of 
all-male broods was not due to differential mortality of female 
offspring. For example, in generation 5 the mean number of 
progeny in high line all-male broods (25.9+7.8(s.d.), n = 54) 
was not significantly different from high line mixed-sex ratio 
(26.9+6.0, n =67; t test, P>0.4) or low line (27.4+8.2, n= 
120; P>0.35) broods. The sex ratio bias is caused by the 
production of male offspring instead of female offspring. 

A series of crosses were done to determine whether the 
all-male trait was a characteristic of high line males or high line 
females. High line males and females were crossed to either low 
line or scarlet-eye (ScDr) stocks*. The all-male brood trait was 
expressed in crosses involving high line males, indicating that 
they were the carriers of the trait (see Table 1). This result was 
rather surprising because haploid males transfer no 
chromosomal genes to their all-male broods (due to 
haplodiploidy). Thus, the males are effectively sterile, and it is 
difficult to select for chromosomal genes for male sterility in a 
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Fig. 1 Selection experiment for high and low brood sex ratios in 

N. vitripennis. The cut-off sex ratios for progeny selected for the 

next generation are indicated by arrows. Within two generations 

there was a dramatic increase in the frequency of all-male broods in 

the high line. The all-male trait persisted in the population after 
selection was relaxed in the fourth generation., 
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Table 1 Crosses between the high line, low line and ScDr demonstrate 
that the all-male (DI) trait is a characteristic of high line males 


- Cross No. of broods 
dK? All-male Mixed 
High x low 33 10 
High x high 22 13 
High x ScDr $2 23 
Total 107 46 
Low x low 0) 31 
Low x high 3 20 
Low x ScDr 3 63 
Total 6 114 
ScDr x low {) 29 
ScDr x high 2 53 
ScDr x ScDr 2 28 
Total 4 110 


population experiment. Furthermore, such genes should not 
have persisted once selection was relaxed. 

The DI trait was shown to be inherited extrachromosomally 
by testing all-male brood progeny from the high line male x 
ScDr female crosses. As expected, male progeny from the 
crosses were ScDr in genotype, indicating that an unusual 
mechanism such as the replacement of the female (ScDr) 
pronucleus by the high line male pronucleus was not occurring. 
Therefore, the males did not receive chromosomal genes from 
the high line. However, 76% of the males received the high line 
DI trait, producing all-male broods when mated with ScDr 
females (Fig. 2). By definition, therefore, the DI trait is extra- 
chromosomally inherited through the paternal line. Figure 2 
also shows a simultaneous test of virgin high line females to 
determine whether DI is transmitted to their male offspring. This 
test revealed no maternal transmission, although it is possible 
that there was low-level maternal transmission. DI is only the 
second known example of extrachromosomal inheritance pri- 
marily through the male line’. 

Crosses to three different wild-type stocks have substantiated 
the paternal extrachromosomal inheritance of DI. It is trans- 
ferred to each successive generation, with ~75% of the males in 
any all-male brood inheriting the trait. DI males readily mate; 
they have (normal) haploid spermatagonia and produce motile 
sperm which are transferred to the female spermatheca during 
copulation. 

To determine whether the trait would increase in the absence 
of selection, DI carrier males were introduced into an experi- 
mental population at a frequency of 0.05. The same design was 
used as in the previous population experiment, but without 
selection for brood sex ratio. The DI trait increased to a 


High $ X Scj/Sc 9 
f 
All-male CX Sc/Sc © 


Low T X Sc/Sc VY 

Mixed TX S&F 
All-male 130 J 
Mixed 40 37 


(Virgin) High 9 (Virgin) Low 9 


All-male FX Se/& y All-male °X Sc/Sc ? 


t 
All-male 0 2 


Mixed 50 26 


Fig. 2 A test for the inheritance of the high line Di trait demon- 

strates that it is transmitted from high line males to the male 

progeny of their mates. High line females do not transmit the trait 
to their male progeny. Sc/Sc indicates ScDr genotype females. 
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frequency of 0.63 in two generations and remained at about that 
level for two more generations, until the line was terminated. 
Thus the trait spread rapidly through a randomly mating popu- 
lation in the absence of any experimentally induced selection. 

The causative agent of the DI trait is unknown. DI could be a 
cytoplasmic factor located within the spermatozoa, which inter- 
feres with incorporation of the male pronucleus after fertiliza- 
tion has occurred. However, transmission electron microscopy 
has so far revealed no unusual cytoplasmic particles associated 
with spermiogenesis in carrier males. Alternatively, D] may be 
an extracellular infectious agent which is transferred to the 
female reproductive tract during copulation. There it could 
interfere with the fertilization mechanism and be transmitted to 
ova passing down the reproductive tract. These possibilities are 
being investigated. 

In many organisms, virus-, rickettsia- and spirochaete-like 
factors are known to be cytoplasmically transmitted through the 
maternal line*®. Some of these cause a female-biased sex ratio, 
either by mortality of male offspring’® or by affecting sex 
determination”'°. Population genetic theory predicts that 
maternally transmitted factors which bias sex ratio towards 
female offspring will increase in frequency in many circum 
stances’*. Similarly, paternally transmitted factors should bia: 
the sex ratio towards male offspring. DI is the first paternalls 
transmitted extrachromosomal factor discovered which causes ¢ 
sex ratio bias, and it is consistent with theory. By producing 
all-male broods, a DI factor increases its frequency of paterna. 
transmittance and will spread rapidly through an outbreeding 
population, as shown experimentally. The demic population 
structure of N. vitripennis in nature probably limits the increase 
of DI in this species*. For example, some host pupae are highly 
dispersed such that the (flightless) males can only mate with 
sisters. A DI factor producing only males is eliminated in these 
broods because the males have no mates. 

Haplodiploid sex determination presents unique opportuni- 
ties for paternal extrachromosomal inheritance. In diploid 
organisms, a paternal extrachromosomal factor which causes 
effective male sterility will not be transmitted to the progeny 
because there will be few, if any, viable progeny to inherit the 
trait. In contrast, females of many haplodiploid organisms who 
mate with effectively sterile males can still produce (haploid) 
male progeny. This presents an ‘evolutionary opportunity’ for 
paternal transmission. We therefore predict that DI factors will 
be found in many haplodiploid species. Evidence supporting this 
is the occurrence of colony extinctions due to the production of 
all-male broods in laboratory rearing of parasitic wasps''. Such 
occurrences may be due to the form of genetic sex deter- 
mination’*, but DI factors may also be responsible. Whether DI 
occurs in a particular species will depend on the population 
structure of that species, its normal sex ratio and the nature of 
transmission of the factor. 

A DI factor introduced into a pest haplodiploid species may 
persist for many generations and could drive the population to 
extinction or maintain it at low levels. Thus DI factors may be of 
value in controlling haplodiploid pests such as sawflies, seed 
chalcids and certain phytophagous mites. 

We thank W. K. Baker and W. J. Dickinson for helpful 
discussions, B. Charlesworth for comments and G. Jeppesen and 
N. Glenn for assistance. This work was supported by NSF grant 
DEB 7682011 A01 and NIH grant GM 0746402. 
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Geometry of neonatal neurones and 
the regulation of synapse elimination 


* Richard L. Hume & Dale Purves 


'. Department of Physiology and Biophysics, Washington University 
School of Medicine, 660 South Euclid Avenue, St Louis, 
Missouri 63110, USA 


In the ciHary gangtion of adult rabbits, ganglion cells lacking 
dendrites are generally innervated by a single axon, whereas 
cells with one or more dendrites are innervated by a number of 
different axons that increases in proportion to the complexity of 
their dendritic arbor’ (see also refs 2—4). We have now explored 
the basis of this correlation by comparing the dendritic 


same cell. This finding in turn implies that an important function 
of dendrites is to regulate the number of different axons that 
innervate each newrone. 

Neonatal rabbits (New Zealand white, 1~7 days old) were 
anaesthetized with pentobarbitone. Both ciliary ganglia were 
removed, placed in a Plexiglas chamber and continuously 
superfused at room temperature with oxygenated mammalian 
Ringer fluid’. The oculomotor nerve, which carries the pre- 
ganglionic axons, was drawn into a suction electrode for stimu- 
lation. Ganglion cells were impaled with glass microelectrodes 
filled with 4% horseradish peroxidase (HRP; Sigma type VI) ina 
solution of 0.2 M potassium acetate buffered to pH 7.6 (R = 60— 
100 MQ). The number of different axons innervating each 
impaled ganglion cell was estimated by counting the increments 
in the postsynaptic response as the strength of the stimulus to the 
oculomotor nerve was gradually increased; the details and 
limitations of this method are given elsewhere". HRP was 
then injected into the cells (one to three neurones per ganglion) 
either by iontophoresis or by pressure; both methods gave 
similar results. The ganglia containing the HRP-filled neurones 
were processed according to the technique of Hanker et al.’ and 
examined in whole mounts. Camera lucida drawings were made 
of the successfully injected cells. Our criterion of acceptable 
staining was that each labelled cell have an axon easily visible for 
at least 200 um from the cell body; most axons could be 
followed much farther. As in a previous study’, a primary 
dendrite was defined as a tapered process, other than the axon, 
that extended at least 5 um radially from the cell body. For 
quantitative analysis of neuronal geometry, the labelled 
neurones and their processes were traced in three dimensions 
with a microscope/computer system". These data were 
compared with results obtained from ganglion cells in adult 
rabbits (3—5 months old) studied with the same methods‘. 

The number of preganglionic axons that innervated each of 
313 neurones in neonatal ganglia was determined electrophy- 
slologically. As previously shown’, neonatal neurones were, on 
average, innervated by about twice as many different axons as 
cells in ganglia from adult rabbits (Fig. 1). Despite this 
difference, the observed range of the number of axons that 
innervated individual ganglion cells (one to seven axons) did not 
change during postnatal development. This suggests that there is 
little or no postnatal reduction in the number of axons that 
initially innervate some neonatal cells, whereas other neurones 
lose the synapses from most of the axons that contacted them at 
birth. Although this result might to some degree reflect a 
limitation of our technique for counting the number of 
innervating axons, it implies that the competitive elimination of 
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initial inputs proceeds more vigorously on some ganglion cells 
than on others. 

Of the 313 neonatal ganglion cells studied electrophysiolo- 
gically, 110 were successfully stained with HRP. Some of these 
neurones lacked dendrites altogether, some had relatively 
modest arborizations, while others had extensive dendritic 
arbors (Fig. 2). This range of dendritic complexity resembles 
that found in adult ganglia’. However, the distribution of cells 
within this range was somewhat different early in development. 
There were fewer neonatal cells that lacked dendrites entirely 
and more cells with five or more primary dendrites (Fig. 3). 
Moreover, the dendritic arborizations of neonatal neurones had 
more branch points on average than did their adult counterparts 
(see Fig. 3 legend). Thus, assuming that the cells sampled in 
newborn and adult animals were representative, there is a 
modest postnatal remodelling of dendritic arborizations. 

Despite these quantitative differences between neonatal and 
adult arborizations, our results show that most neonatal 
ganglion cells possess dendrites at birth, several weeks before 
synapse elimination is complete’ and, furthermore, that some 
ganglion cells lack dendrites at birth. Synapse elimination 
therefore occurs within a population of ganglion cells that 
represents the full range of adult geometries. 

Although the adult range of neuronal geometries is present at 
birth, the correlation seen in adult ganglia between number of 
inputs and dendritic complexity was not apparent in neonatal 
ganglia (Fig. 4). Thus neonatal ganglion cells that lacked 
dendrites altogether were innervated by about as many different 
axons as the most geometrically complex cells in our series. In 
ganglia from adult animals, on the other hand, the most complex 
cells were innervated by about five times as many axons as the 
cells without dendrites’. Therefore the matching of geometry 
and innervation occurs postnatally. Moreover, the approxi- 
mately equal numbers of inputs to cells with and without 
dendrites in neonatal ganglia suggest a disproportionate loss of 
inputs from those neonatal neurones that have few or no 
dendrites at birth. 

It is generally recognized that the number of different axons 
that innervate neurones is a major determinant of their ability to 
integrate information. In several different parts of the nervous 
system, this number seems to be set postnatally when the 
elimination of some synaptic connections reduces the number of 
axons that initially innervate each target cell®. The nature of the 
competitive interaction underlying this process is not well 





Fig. 1 Proportion of ganglion cells innervated by different 
numbers of preganglionic axons in neonatal (a) and adult (b) 
ganglia. n = 313 (a) and 152 (b). 
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Fig.2 Camera lucida drawings of 
neonatal rabbit ciliary ganglion 
cells. We arbitrarily chose for 
illustration every fourth cell in the 
series of labelled cells that we 
examined; neurones are arranged 
in order of increasing complexity to 
emphasize the range of neuronal 
geometries. The axon of each cell is 
indicated by an asterisk. 





Fig. 3 Distribution of the number of ciliary ganglion cells having 
various numbers of primary dendrites in neonatal (a) and adult (6) | 
animals. As the number of cells studied in neonates and adults was sa 
similar (a = 110, 6 = 101), these graphs can be compared directly. 

The mean number of primary dendrites was greater for neonatal 
than adult neurones (mean +s.e. = 3.3+0.2 compared with 2.3+ 
0.2). In addition, the dendritic arborizations of neonatal neurones 
had more total branch points than adult neurones (6.4+0.8 
compared with 3.1+0.6). Despite the greater complexity of 
neonatal arborizations, the summed length of all dendritic seg- 
ments was about the same in neonatal and adult neurones (594+ 
50 um compared with 600+ 74). This is because the length of 
individual primary dendrites in neonates (including subsidiary 
branches) was on average less than the adult length (neonatal 15 
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Fig.4 Relationship between the number of innervating axons and 

the number of primary dendrites by ganglion cells in 

neonatal (a) and adult (b) animals. n= 110 (a) and 101 (b) 
Bars represent standard errors. b Is redrawn from ref. 1. 


understood. Our aim here was to explore the possibility that the 
competition between axons initially innervating the same cell is 
influenced by the geometry of the postsynaptic neurone. The 
major results relevant to this issue are that ganglion cells in 
newborn animals display the full range of adult geometries, even 
though virtually every neonatal neurone is innervated by several 
axons. As a few weeks later each cell is innervated by a number 
of axons that is proportional to the complexity of its dendritic 
arbor, these observations imply that geometry somehow 
regulates the competitive interaction between axons. 

We have not ruled out other posaible explanations of the adult 
correlation between inputs and geometry. For example, the 


number of innervating axons and the complexity of dendritic - 


arbors might be independently controlled by a third factor. 
Furthermore, we have assumed that adult geometries arise from 
gradual and minor alterations in the similar geometries of 
neonatal neurones. It is possible, however, that ganglion cells 
undergo drastic changes in which neonatal neurones without any 


dendrites acquire them, and those with complex dendritic arbors | 


lose them entirely. 

Given that these possibilities are unlikely, the simplest 
explanation of our findings is that competition between axons 
takes account of the pre-existing geometries of the postsynaptic 
ganglion cells. In this way the neonatal pattern of innervation, in 
which there is little or no correlation between the number of 
inputs and postsynaptic geometry, would be transformed into 
the adult pattern in which inputs and geometry are highly 
correlated. Because mature cells without dendrites are generally 
innervated by the terminals of a single axon, a paucity of 
dendrites at birth evidently forces the elimination of all but a 
single set of axonal endings. Conversely, the presence of 
dendrites confers some degree of protection against competitive 
interaction; cells with dendrites remain innervated by a number 
of different axons that is proportional to their geometrical 
complexity. To the extent that competition is influenced by 


postsynaptic geometry, the dendritic remodelling that occurs | 


postnatally (see Fig. 3) would also affect the outcome of synapse 
elimination. : 

Thus competition between axons seems to be fostered by 
confinement of the terminals of several axons to a limited 
postsynaptic surface, and mitigated when these synapses are 
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deployed over a more extensive postsynaptic geometry. The 
influence of geometry on competition seems unlikely to be based 
on the availability of synaptic sites because the number of 
synapses actually increases during synapse elimination*~ (see 
also refs 3,4). Evidently there is ample space for additional 


‘synapses, as long as they arise from the axon or axons ultimately 


destined to innervate the neurone in question. Perhaps complex 
postsynaptic geometries mitigate competition by allowing the 
sets of synapses arising from different axons to be spatially or 
electrotonically segregated from one another. 

We thank T. A. Woolsey for use of the computer-assisted 
microscope, and P. C. Jackson, D. A. Johnson, J. W. Lichtman, 
E. Rubin, J. R. Sanes and D. J. Wigston for helpful comments. 
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the Muscular Dystrophy Association and NIH postdoctoral 
training grant no. 5T32 NSO7071 to R.J.H. 
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Single channel recordings 
of Ca**-activated K* 
currents in rat muscle cell culture 


Barry S. Pallotta, Karl L. Magleby 
& John N. Barrett 


Department of Physiology and Biophysics, University of Miamı 
School of Medicine, Miami, Flonda 33101, USA 


Many nerve and muscle cells possess a Ca’*-activated K* 
conductance which gives rise to a long-lasting hyperpolarization 
following Ca** entry during an action potential and which 


. appears different from the classical Hodgkin and Haexley 


voltage-activated K* conductance’’. Using the extracellular 
patch clamp technique* “* to record the currents from patches of 
intact and isolated plasma cell membrane from rat myotubes, we 
have observed single channel currents that would give rise to this 
Ca**-activated K* conductance. The channels are highly selec- 
tive to K* and have a conductance near 100 pS at physiological 
[K*], a value 10-20 times greater than that of the classical 
voltage-activated K* channels. The frequency with which these 
channels open and effective open times are controlled in a 
reversible manner by the free [Ca’*] on the intracellular side of 
the membrane; the channel seldom opens when the [Ca’*], is 
<10* M, but opens with increasing frequency as the [Ca]; 
exceeds 5 x 107’ M. With 0.5 pM Ca**,, both opening frequency 
and effective open times depend on membrane potential, 
increasing as the intracellular side of the membrane is made 
more positive. At higher levels of Ca**, (50 pM), the channel Ls 
almost continuously active, even at hyperpolarized membrane 
potential. 

Figure 1 shows single channel currents recorded from intact 
myotubes for three different membrane potentials of the patch. 
A fire-polished micropipette (3-10 MN) was sealed (>10° 0 
seal) against the surface membrane by applying suction. Once 
sealed, the potential of the membrane patch was clamped to the 
desired level by polarizing the electrode with respect to ground, 
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Fig.1 Single-channel currents recorded from a patch of membrane on an intact myotube at three different membrane potentials. The exterior 
surface of the membrane patch was clamped to —40 mV (a), —70 mV (b), and ~100 mV (c) with the patch electrode; assuming a resting potential 
of —50 mV, the membrane potential of the patch was then ~10, +20 and +50 mV. Active filtering with high frequency cutoff at 1 kHz (18 dB per 
octave) was used. The extracellular solution and the solution in the pipette consisted of (mM): KCI, 4; NaCl, 155; CaCh, 2; MgCl, 2; TES 
(N-tris(hydroxymethyl)-methyl-2-aminoethane sulphonic acid), 2; glucose, 11; pH 7.0. Temperature 20 °C. Channels of this type were active in 
less than 10% of the membrane patches on intact cells, and then only during applied depolarization, they were active in over 90% of the excised 
membrane patches when the intracellular surface of the membrane was exposed to Ca** (Figs 2, 3, 4). These results suggest that the normal 
intracellular [Ca2*] in the intact myotubes in our experiments was typically less than that required to activate the channels (5 x 1077M). The 
flickering of open channels towards the closed state suggests that the channel may fluctuate rapidly between an open state and a transient 
intermediate closed-channel state’ > Acetylcholine i in the pipette (0.5 uM} would not activate this channel, but would activate the acetylcholine 


receptor channel which has a lower conductance and a reversal potential near 0 mvV"” 


. With acetylcholine in the pipette, both types of channels 


were often active in the same membrane patch. 
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Fig. 2 Single-channel current amplitude as a function of 
membrane potential. Open circles, data from a membrane patch on 
an intact cell plotted assuming a resting potential of -50 mV; 
solutions and experimental procedure as in Fig. 1 but different 
membrane patch. Inset, single channel currents recorded from an 
excised membrane patch clamped at +30 and —30 mV. The solu- 
tions bathing both sides of the membrane patch were identical 
(mM: KCI, 144; NaCl, 16; MgCl., 2; TES, 2; glucose, li; pH 7.0), 
except that free [Ca] on the extracellular side was 107° M (2 uM 
total Ca** and 40 uM EGTA added to the solution), and free 
[Ca**] on the intracellular side was 0.5 pM (10 uM total Ca** and 
14 uM EGTA). @, Single channel current amplitudes recorded 
from this patch at a series of membrane potentials. Maintaining the 
extracellular KCI at 144 mM, reducing the intracellular KCI to 
32 mM, and adding glucose to maintain osmolarity gave the data 
plotted as A. Maintaining the intracellular KCI at 144 mM, reduc- 
ing the extracellular KC] to 32 mM and increasing extracellular 
NaCl to 128 mM gave the data plotted as @. 


and currents from the patch were recorded'*”’*. The rectangular 
shape of the single channel currents suggests that the observed 
channel opens and closes in an all-or-none manner similar to 
other membrane channels*"'*. Once open, the channel either 
closed after a few milliseconds, or remained predominantly 
open while flickering towards the closed channel state until 
finally closing 10-300 ms later. We could not establish whether 
this flickering was due to partial channel closures or to brief but 
complete closures, since the resolution of very brief events was 
limited by the frequency response of the recording system (time 
constant, 400 ys). As the patch was polarized to +50 mV (inside 
positive), the currents became larger and the channel usually 
flickered for longer periods before finally closing, increasing its 
effective open times. Occasionally, a second channel would 
open, stepping the current to twice that observed with a single 
open channel. 

In the conditions of the experiment in Fig. 1, the observed 
single channel currents could arise from an efflux of K” from the 
myotube and/or an influx of Cl”. Na” could not be a major 
charge carrier as the flow of Na* down its electrochemical 
gradient would produce single channel currents with a polarity 
opposite to that observed. To determine whether K* or Cl” 
carried the channel current we changed the concentrations of 
ions On One or both sides of excised membrane patches, obtained 
by pulling the Ripe with its associated membrane patch away 
from the cell'’''; the solution in the pipette then bathed the 
extracellular side ‘of the excised membrane patch and the bath 
solution bathed the intracellular side. 

The solid circles in Fig. 2 plot single channel current magni- 
tudes as a function of membrane potential for a membrane patch 
in which the concentration of KCI (144 mM) was identical on 
both sides of the membrane. The single channel conductance, 
calculated from the slope of the line through the filled circles, 
was 187 pS. The reversal potential was about 0 mV, as expected 
with essentially identical solutions on both sides of the 
membrane. 

144mM KC! in the pipette and 32 mM KCI] bathing the 
intracellular surface of the membrane patch shifted the reversal 
potential to +31mV (solid triangles). Reversing the ionic 
gradients shifted the reversal potential to —36mV (solid 
diamonds). In both of these cases the single channel conduc- 
tance was about 130 pS. Total replacement of the Cl” with 
SO,” or 2(N-morpholino) ethane sulphonic acid (MES) had 
little effect on the conductance or reversal potential of the 
channel. The shift in equilibrium potential in these and addi- 
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tional experiments was in general agreement with that predicted 
by the Nernst equation for a K”-selective channel, suggesting 
that in the conditions of these experiments the primary charge 
carrier through this channel is K`. Such high selectivity is 


interesting as the conductance of this channel is about three 


times that reported for the less selective acetylcholine-activated 
channel in the same preparation’” 

The single-channel conductance was independent of 
membrane potential (+60 to -60 mV) when [K* ] was 32 mM or 
higher on both sides of the excised membrane. However, in the 
intact cell bathed in 4 mM K* single channel conductance 
appeared to decrease near the reversal potential; single channel 
(slope) conductance ranged from 60 pS near the resting poten- 
tial (—50 mV) to 100 pS when the membrane patch was 
depolarized to 0 mV (Fig. 2, open circles). 

To determine if the K* channels shown in Figs 1 and 2 are 
Ca?* activated we examined the effect of [Ca] at the inner 





Fig. 3 Activation of the channel by Ca** on the intracellular 
surface of excised membrane patches. a,, Recordings from an 
excised membrane patch. The extracellular solution contained 
(mM): KCI, 4; NaCl, 155; MgCl, 2; TES, 2; glucose, 11; pH 7.0. 
Both solutions also contained 24M CaCl, and 40 uM EGTA 
yielding a free [Ca’*] of 10°78 M. With these solutions the channel 
opened about once every 3s. a2, Replacing t the intracellular solu- 
tion with one containing 0.5 uM free Ca** (104M Ca*” and 
14 uM EGTA) greatly increased the channel opening rate and 
effective open times. Membrane potential 0 mV. bı, Records from 
an excised membrane patch (+ 24 mV) in which the free extra- and 
intracellular [Ca “| was buffered to less than 10°* M. No channel 
activity was observed over a 2-min period while the membrane 
potential was repeatedly changed over the range —60 to +60 mV. 
b>, b3, Increasing the free [Ca?*] on the intracellular side of the 
membrane to 50 uM led to repeated channel openings at all 
membrane potentials examined (—60 to +60mV}. Data at 
+24mV (b2, upward-going single channel currents) and at 
-27mV (63, downward-going single channel currents) are 
presented. Continuous channel activity of this type, interrupted 
with occasional channel closings lasting longer than several 
hundred milliseconds, _ was observed throughout the 10-min 
exposure to 50 uM Ca?*, In addition to the [Ca""] listed above, 
solutions on both sides of the membrane for b also contained 
(mM): KCI, 144; NaCl, 16: MgCl, 2; PIPES, 2; pH 7.2. 
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Fig. 4 Effect of membrane potential on the frequency of channel 
opening for an isolated membrane patch with 0.5 pM free Ca** on 
the intracellular side of the membrane. Depolarization to positive 
holding potentials increased both the frequency of channel opening 
and the effective open times. The inset shows sample records at 
+30 and +40 mV. Not all channel openings can be distinguished in 
these traces since they are displayed on a slow time scale. Both the 
intra- and extracellular solutions contained (mM): KCI, 144; NaC, 
16; MgCl,, 2; TES, 2; glucose, 11, pH7 9, in addition, the 
extracellular solution contained 107° M free Ca”? (2 uM Ca** and 
40 uM EGTA) and the intracellular ola a contained 0.5 uM 
free Ca** (104M Ca?* and 144M EGTA). At higher [Ca] 
(5-50 uM) on the intracellular side of the membrane, membrane 
potential had less of an effect; the channels were open much 
of the time. 


surface of the membrane using excised membrane patches. 
When the free [Ca] was 10°" M or less, the channel opened 
only infrequently and then only when the membrane was 
depolarized near 0 mV or held at positive membrane potentials 
(Fig. 3 a;, bi). Increasing free [Ca**] at the inner surface of the 
membrane to as little as 0.5 uM increased both the number of 
openings and the effective open times so that the channel 
typically stayed open 10-20% of the time at OmV (Fig. 3 a2). 
The Ca’*-sensitivity of this channel is thus similar to the Ca°*- 
activated K* conductance’*. Channel opening did not require 
Ca** on the extracellular side of the membrane suggesting that 
cytoplasmic components other than Ca** that would be washed 
from these excised patches are apparently not required for — 
activation. 

With 0.5 uM free Ca” at the intracellular membrane surface 
the frequency of channel opening and effective open times were 
an exponential function of membrane potential, increasing as 
the potential was depolarized or made positive on the intracel- 





lular membrane surface (Fig. 4). This effect of membrane — = : 


potential was reversed by stepping to negative membrane 
potentials. With 50 uM Ca?” at the intracellular membrane ~ 
surface, membrane potential had less of an effect on channel 
kinetics; the channel opened and shut rapidly, spending most of 
its time in the open state at all membrane potentials examined 
(+60 to ~60 mV, Fig. 3 ba, ba). Ca” -activation of the channel © 
was reversible by reducing free [Ca] at the inner surface of the — 
membrane to less than 107° M. | 
The findings above describe a membrane channel with pro- 
perties that are consistent with the characteristics of the Ca**- 
activated K* conductance. The channel is mainly permeable to 
K+, is reversibly activated by low concentrations of Ca” at the 
intracellular surface of the membrane, and is modulated by 
membrane voltage in the presence of Ca**. The single channel 
conductance of this Ca**-activated K* channel is 10-20 times 
greater than values that have been reported for the classical 
(Hodgkin—Huxley) voltage-activated K* channel? 5S, 
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After this paper was submitted a report appeared'’ describing 
a Ca” -dependent channel in chromaffin cell membranes with 
similar conductance to the channel described here. Further 
studies are needed to determine whether the ionic selectivity 
and kinetic properties of these channels are the same. 

We thank Drs D. P. Corey and C. F. Stevens for helpful 
suggestions on the patch clamp technique. This work was 
supported by NIH grants NS 06081, NS 10277, and NS 12207, 
and a grant from the Muscular Dystrophy Association. 
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The sea anemone Actinia equina 
tolerates allogeneic 
juveniles but alters their phenotype 


Roger Lubbock* & Catherine Allbut 


Department of Zoology, University of Cambridge, Downing Street, 
Cambridge CB2 3EJ, UK 


Actinia equina is a variably coloured sea anemone that broods 
juveniles within its body cavity. Male, female and non-sexual 
individuals can produce juveniles, even after periods of iso- 
lation, and it has been suggested that this species is capable of 
reproducing by asexual or parthenogenetic means. Further evi- 
dence in favour of this hypothesis has been derived from 
similarities in coloration and in enzyme banding, as shown by 
electrophoresis, between offspring and their parents’. 
A. equina does, however, produce gametes that are merpho- 
logically similar to those of other sexually reproducing ane- 
mones, which suggests that sexual reproduction must also 
occur’*, Thus far the only direct evidence of sexual reproduc- 
tion has been the occurrence of adults containing differently 
coloured juveniles within their body cavity; however, this is 
unusual and indeed in some areas adults only contain juveniles 
of the same colour as themselves’. Carter and Throp’ have 
suggested that adults can select against sexually produced 
juveniles that are phenotypically different from themselves; as a 
result juveniles generally match their parents in coloration. We 
show here by means of fostering experiments that adults will 
brood allogenic juveniles. Surprisingly, juveniles may change 
colour to match that of their foster parent. 

Red A.equina used here were from western Scotland 
(Millport) and had a pale pinkish-red pedal disk. Green individ- 
uals, characterized by a light green pedal disk, were obtained 
from southern England (Roedean). Anemones were maintained 
in large aquaria (~ 600 I) containing artificial seawater (Tropic 
Marin Neu; relative density 1.025) at 19°C; they were not 
fed during experiments. Five juveniles were transplanted into 
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each adult as follows. Adults were placed in anaesthetic solution 
(1 vol seawater: 1 vol 0.6 M MgCl) for 10-20 min and then a 
vertical incision was made in the body wall. Juveniles were 
flushed from the gastric cavity of the parent by means of a 
syringe containing seawater. Using a 0.5-mm diameter needle, 
juveniles were threaded onto a braided polyester suture which 
was subsequently tied into a small loop. Threaded juveniles 
were then inserted in the gastric cavity of a foster parent through 
the incision in the body wall and the looped suture attached to 
the endoderm of the column. The foster parent was replaced in 
seawater and the incision healed within 3—4 days. After 8 or 21 
days the anemone was again anaesthetized, a further incision 
made and the suture with attached juveniles removed. Use of 
this method ensured that the juveniles which recovered at the 
end of the experiment were those that had been transplanted 
rather than the foster parent’s own offspring. Juvenile coloration 
was classified into four discrete categories: green, reddish- 
green, greenish-red and red. 

Over 200 green juveniles were removed from ~ 20 similarly 
coloured adults; there were no juveniles with red pigmentation. 
Of these juveniles, 121 were maintained for 21 days attached to 
the aquarium substrate; as can be seen from Table 1, none of 
these showed any significant colour change. A further 35 green 
juveniles were transplanted into 8 green foster parents; 10 of 
these were recovered after 8 days and 13 after 21 days, and all 
were still green (Table 1). Eighty green juveniles were trans- 
planted into 13 red foster parents; after 8 days, 10 out of 15 
recovered showed some degree of red pigmentation and after 21 
days, 18 out of 19 recovered were red to some extent, with 11 of 
a similar colour to their foster parents (Table 1). Note that there 
was considerable variation in the extent to which green juveniles 
transplanted into the same red anemone were affected: some- 
times the transplanted brood would contain individuals whose 
colour was unchanged as well as others whose colour had 
changed to that of the foster parent. There was some evidence 
that direct access of the juvenile’s external surface to the 
parent’s gastric cavity was one of the factors involved in colour 
change; in one case two juveniles that were pressed close 
together on the suture for 21 days became uniformly red apart 
from the small area of contact between them, which remained 
green. 

The converse experiment was carried out using red juveniles, 
albeit on a lesser scale owing to the unexpectedly low number of 
offspring that could be obtained from red adults. Red juveniles 
that were maintained for 21 days attached to the aquarium 
substrate or inside red foster parents did not change colour (see 
Table 1). Of 25 juveniles transplanted into green adults, 16 were 
recovered after 21 days; only two of these showed any degree of 
green pigmentation, the remainder being red (Table 1). These 
do not show any marked tendency of red juveniles to become 
green when placed in green adults, which contrasts with the clear 
effect of red adults on green juveniles. 

Carter and Thorp’ have proposed that adults might be able to 
select against juveniles that are phenotypically different from 
themselves. This possibility was tested by examining the survival 
of red juveniles transplanted into green adults and green 
juveniles transplanted into red adults. All 15 juveniles trans- 
planted for 8 days into differently coloured parents were 
retrieved apparently unharmed. Of those transplanted for 21 
days, 35 out of 55 (64%) were retrieved still attached to the 
sutures. In addition, eight juveniles with scarred columns (not 
included in Table 1) were found inside the foster parents and 
these were presumed to have detached from the sutures during 
the experiment. This suggests that at least 78% of the juveniles 
survived 21 days of transplantation into differently coloured 
parents. Given that some juveniles may have died as a result of 
the experimental treatment or may have become detached and 
remained undetected within the adult, these results do not 
provide any clear evidence of anemones being able to select 
against phenotypically different juveniles. 

We suggest that in natural conditions anemones will tolerate 
allogeneic juveniles within their body cavity; similarities in 
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Table 1 Effects of foster parents on the coloration of juvenile Actina equina 


Initial colour 


Colour of foster parents of juveniles Green 
Control Green 121 
Green Green 10 
Green Green 13 
Red ; Green 5 
Red = Green 1 
Control. Red | 0 
Red ocy oon Red $ 


Green Be A Red Q 





coloration may result in part from a direct effect of the adult on 
its brood: The persistence of this effect is being investigated; 
preliminary evidence indicates that red pigmentation induced by 
a foster parent can be retained for at least 2 months after 
removal from the adult. 
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Polyamine starvation causes 
disappearance of actin 

filaments and microtubules 

in polyamine-auxotrophic CHO cells 


Pirkko Pohjanpelto*, Ismo Virtanen? & Erkki Hölttä $ 


Departments of * Virology and +Pathology, Haartmanink. 3, 00290 
Helsinki 29, and {Department of Biochemistry, Unionink. 35, 00170 
Helsinki 17, University of Helsinki, Finland 


The polyamines putrescine, spermidine and spermine are found 
in all cells and their synthesis increases markedly during cell 
proliferation’. However, their precise physiological role in 
cellular metabolism is not well understood. A potentially fruitful 
approach to this problem would be isolation and study of cellular 
mutants unable to synthesize polyamines. Such mutants have 
been obtained from bacteria** and yeast™® but, to our know- 
ledge, not from higher organisms. We report here the isolation 
of a polyamine-deficient variant from Chinese hamster ovary 
cells that, unlike the corresponding polyamine-depleted 
Escherichia coli mutant‘, is absolutely dependent on poly- 
amines for continuous replication. We show further that omis- 
sion of polyamines from the growth medium of these cells causes 
bundles of actin filaments and microtubules to disappear but 
does not affect the pattern of the intermediate filaments. 

The wild-type Chinese hamster ovary cell line CHO (obtained 
from the American type culture collection) was routinely 
cultured in the presence of 5 x 107 M putrescine and 10% fetal 
calf serum. The strain was adapted to grow without serum by 
culturing in a medium composed of Eagle’s minimal essential 
medium (MEM) and Ham’s nutrient mixture F12 in ratio 1:1, 
supplemented with 0.1% bovine serum albumin, giving a final 
putrescine concentration of 5x107 M, while the serum 
concentration was gradually diminished. Finally a cell strain 
emerged that grew well without serum but proved dependent on 
polyamines for growth. This cell strain has now been cultured for 
6 months and for more than 100 cell doublings on plastic Petri 
dishes coated with commercial gelatin composed of pig skin 
collagen. For subculture the cells were detached with trypsin. 


Control juveniles were free-living and attached to the aquarium substrate. 
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Final colour of juveniles Length of 
Reddish- Greenish- experiment 
green red Red {days} 
0 0 0 21 
0 0 0 & 
0 Q Q 21 
2 4 4 8 
3 4 11 21 
0 0 8 et 
0 0 6 21 
0 2 14 21 





If putrescine was omitted from the growth medium, cellular 


replication gradually slowed down and ceased in 8-10 days (Fig. 


1). However, many of the cells still remained attached to the 
plates, preserving their normal morphology under the light 
microscope, although in subsequent passages they did not attach 
to the plates. In the absence of putrescine, DNA synthesis 
dropped concomitantly with cellular replication (Fig. 2). H 
putrescine was added to the cultures after 2 days of putrescine 
starvation the cells recovered rapidly and completely, but after 
longer starvation the recovery was slow or absent (results not 
shown). Cell growth was maintained equally well in medium m 
which putrescine was replaced by the higher polyamines, sper- 
midine or spermine, in equivalent concentrations (results not 
shown). 

Omission of putrescine from the culture medium depleted the 
contents of putrescine and spermidine in the cell variant but 
spermine content was little reduced (Table 1). Although 
putrescine and spermidine were not detectable in the cells after 
2 days’ putrescine starvation, cellular replication and DNA 
synthesis were not strongly affected until after 3~4 days (Figs 
1,2). This is in accordance with earlier results demonstrating 
that difluoromethylornithine, which inhibits the activity of orni- 
thine decarboxylase’ and synthesis of putrescine, causes rapid 
depletion of polyamines in various animal cells but does not 
markedly inhibit cellular replication until after the second 
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Fig. 1 Putrescine requirement for replication of the polyamine 
auxotroph. 5,000 cells were plated on plastic Petri dishes, diameter 
30 mm, coated with pig skin collagen in serum-free MEM-F12 
medium, without putrescine and supplemented with 0.1% bovine 
serum albumin. After 6 h incubation, putrescine (5x 107° M} was 
added to half the cultures and the cells were detached with trypsin 
at different time intervals for counting in an eléctric cell counter, 
The medium was changed after 3 and 7 days. Each point is a mean 
of two determinations. Putrescine added (©); not added (@). 
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Fig.2 DNA synthesis in the polyamine auxotroph in the absence 

(@) and presence (©) of putrescine. Cells were cultured as in Fig. 1 

legend. To assay DNA synthesis, cells were incubated with *H- 

thymidine (1 »Ciml ') for 24h starting at the indicated time 

points and the radioactivity in the acid-precipitable fraction was 

determined as described earlier'®. Each point is a mean of two 
determinations, 


Although the polyamine-auxotrophic cells cultured in 
putrescine-free medium did not show any morphological 
changes under the phase-contrast microscope, indirect 
immunofluorescence microscopy (IIF) revealed that in more 
than 90% of the cells, the bundles of actin filaments were almost 
totally absent, only a weak diffuse fluorescence being discernible 
(Fig. 3b). On the other hand, the respective controls maintained 
in putrescine-containing medium displayed typical organization 
of actin, microfilaments being present in nearly all cells (Fig. 3a). 
The lack of putrescine also prevented the assembly of micro- 
tubules. More than 90% of cells cultured in putrescine-free 
medium showed only a diffuse staining for microtubules in IIF 
(Fig. 3d), whereas a normal cytoplasmic microtubular complex 
was visible in nearly all control cells grown in the presence of 
putrescine (Fig. 3c). In contrast, the vimentin type of inter- 
mediate filaments were not affected by putrescine limitation 
(Fig. 3e, f). Because the intermediate filaments form the main 
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Table 1 Polyamine levels in the polyamine auxotroph after putrescine 


starvation 





Duration of 
incubation 
(days) 


Spermidine 

(nmol per 

Putrescine 10° cells) 
0.5 3.9 2.0 
<0.01 <0,01 1.8 
0.2 3.8 3.0 
<0,0] <0.01 1.8 


Culture 


conditions Spermine 


+Putrescine 
-Putrescine 
+Putrescine 

Putrescine 


tf & NY by 





2x 10° cells were plated on 30-mm Petri dishes in the absence or 
presence of putrescine (5 x 10°’ M). After 2 and 4 days the cultures were 
washed three times with Hanks’ salt solution and the cells detached by 
scraping, centrifuged and extracted with 0.2 M perchloric acid. The 
polyamine levels were determined by the dansylation method’” as 
described earlier”. 


scaffolding of the cell'’, their presence explains the seemingly 
normal morphology of the cells starved of putrescine. Both cells 
deprived of putrescine for 6 days and control cells were viable, as 
demonstrated by the Trypan blue exclusion test. In the absence 
of putrescine, an increased number of binucleate cells was also 
usually observed (Fig. 3). 

A role for polyamines in the polymerization of actin filaments 
has been suggested by Sunkara et al.'', who showed that 
treatment of human fibroblasts with an inhibitor of S- 
adenosylmethionine decarboxylase, methylglyoxal bis(guanyl- 
hydrazone)'*, which prevents the synthesis of spermidine and 
spermine, inhibited the formation of actin bundles. However, 
this inhibitor may be toxic to cells*'*, affecting not only poly- 
amine synthesis but also mitochondrial function '*. It is therefore 
difficult to decide whether disruption of the actomyosin system 
was due to a polyamine depletion or to side effects of the drug. In 
the present study, no drugs were used. Omission of putrescine 
from the growth medium alone was sufficient to prevent poly- 
amine accumulation, resulting subsequently in disorganization 
of actin bundles and microtubules. It is not a question of general 
disorganization of the cellular architecture as intermediate 
filaments, which are very sensitive to proteases'*, showed 
normal patterns. It may be relevant that muscle actin poly- 
merizes in vitro on addition of polyamines"; but it is premature 
to conclude that, in living cells, polyamines are directly involved 
in the polymerization process. 

Whereas the polyamine-auxotrophic F. coli mutant, when 
depleted of polyamines, indefinitely maintained replication, 
albeit slow’, the present CHO variants ceased to replicate in 
polyamine-free medium. One important difference between 
bacteria and animal cells is that the latter possess an intricate 
three-dimensional filamentous cytoskeleton which is absent in 
bacteria’’. Depletion of polyamines in animal cells may become 
fatal because the integrity of the microfilaments and micro- 


Fig. 3 Distribution of actin (a, b), 
tubulin (c, d) and vimentin (c, f) in 
control (a,c,e) and polyamine- 
deficient variant (b, d, f) CHO cells. 
For IIF the cells were grown on small 
glass coverslips and fixed in 
methanol at —20°C. Affinity- 
purified antibodies against actin*', 
tubulin??? and vimentin?” were 
used in IIF. Anti-actin and -tubulin 
antibodies were kindly provided by 
R. A. Badley (Unilever). Typical 
bundles of actin-containing 
microfilaments (a) and cytoplasmic 
fibrillar patterns of microtubules (c) 
and vimentin filaments (e) were seen 
during IIF of control cells. However, 
cells depleted of putrescine for 6 
days showed only diffuse fluores- 
cence for actin (6) and tubulin (d), 
but showed typical fibrillar dis- 
tribution of vimentin filaments (/). 
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tubules depends on polyamines and this fibrillar network is vital 
for cellular organization and cell division. 

We acknowledge the technical assistance of Ms Irma 
Lantinen, Ms Raili Taavela and Ms Helena Mattila. The 
research was supported by the Finnish MRC, the Sigrid Jusélius 
Foundation and the Association of Finnish Life as 


Companies. 
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A corticosteroid binding protein and 
endogenous ligand in 

C. albicansindicating 

a possible steroid-receptor system 


David S. Loose, David J. Schurman 
& David Feldman* 


Departments of Physiology, Orthopedics and Medicine, Stanford 
University School of Medicane, Stanford, Calrfornia 94305, USA 


The evolution of endocrine systems has been intensively studied 
(for review see ref. 1). Recent findings indicate the existence of 
vertebrate-like hormones in species including fungi 
and uniceliniar eakaryot . Although proteins that bind 
vertebrate steroids have been described in at least one lower 
organiam’, the presence of recognition molecules analogous to 
hormone receptors in higher organisms has not previously been 
demonstrated. We have investigated Candida albicans and now 
report the existence of a receptor-like protein macromolecule in 
the cytosol of this simple yeast which binds vertebrate corti- 
costerolds with high affinity, selectivity and stereospectficity. In 
eddition, a ipid-extractable material present in the yeast cells 
and released into the chemically defined growth medium rever- 
sibly competes for *H-corticosterone binding sites in yeast 
cytosol and may represent an endogenous ligand. Of interest is 
the finding that the yeast extract also competes for mammalian 
giucocorticold receptors. The data suggest that the evolutionary 
origin of hormonal steroid systems may go back at least as far as 
sbaple unicellular eukaryotes. Furthermore, the demonstration 
of interactions between mammalan steroids and the yeast 
binder and between the yeast ligend and mammaHan receptors 
suggests the possibility of important clinical consequences. 


* To wham correspondence should be iddromed at the Dreamon of Endoarmology, Room S005, 
Stanford Unreensty School of Moecheme, Stanford, Cabforma 94305, USA 
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Most experiments used a clinical isolate of C. albicans, 
although well characterized strains have also been examined and 
will be reported elsewhere (D.S.L., D. Stevens and D.F., in 
preparation). C. albicans were grown at 37 °C on agar plates or 
as a suspension in Dulbecco’s minimum essential medium 
(Gibco). Yeast were collected after 24h of growth, washed, 
collected by centrifugation at 1,000g, disrupted by vortexing 
with 250-300-um glass beads and cytosol was prepared. 

Binding experiments were routinely performed with yeast 
cytosol using *H-corticosterone (Amersham; 57 Ci mmol™’). 
Incubation for 3h at 0°C achieved maximal steady-state bin- 
ding. Other tritiated steroids were also tested for binding 
activity, including oestradiol, progesterone, testosterone, 
diethyistilboestrol, dexamethasone and  tnamcinolone 
acetonide (all obtained from Amersham) and R5020 (Prome- 
gestone, NEN). After incubation of cytosol with the *H-labelled 
probes, protein-bound steroid was separeted from free steroid 
by chromatography over 4-ml minicolumns of G-50 fine 
Sephadex (Pharmacia) as previously described. All studies 
were corrected for nonspecific binding (always <10%) by 
examining parallel samples incubated in the presence of a 
250-fold excess of the appropriate radioinert steroid. An 
ethanolic extract of C. albicans was compared with a series of 
radioinert steroids for its ability to compete with *H- 
dexamethasone for rat thymic glucocorticoid receptors and with 
*H-corticosterone for human serum corticosteroid-binding 


. globulin (CBG) as previously described’. 


Preliminary experiments using various mammalian `H- 
labelled steroids only revealed specific binding to C. albicans 
cytosol with *H-corticosterone and °*H-progesterone. 
Radioinert corticosterone competed for the "H-proges esterone 
sites and radioinert progesterone competed for the “H-corti- 
costerone sites, suggesting that both probes were labelling the 
same site. Because rather higher levels of binding were found 
with *H-corticosterone, we used the vertebrate glucocorticoid as 
our *H-labelled probe to determine the characteristics of the 
yeast cytosol binder. Figure 1a illustrates a binding study with 

H-corticosterone and Fig 1b shows a Scatchard plot of the 
data*. The results indicate a single class of low-capacity, high- 
affinity binding sites. In five such experiments the apparent 
equilibrium dissociation constant was 7.2+0.5nM and the 
binding capacity was 732+73 (+s8.e.m.) fmol per mg cytosol 
protein. 

Further studies to characterize the nature of the yeast *H- 
corticosterone binder revealed that it was stable at 37°C but 
virtually destroyed at 56°C. Treatment of the cytosol with 
0.1 mg ml™* trypsin for 30 min at 37 °C destroyed the binding, as 
did the addition of 6mM N-ethylmaleimide. However, treat- 
ment with RNase, DNase, neuraminidase or phospholipase A, 
had little or no effect on binding. These results indicate that the 
binder is probably a protein with free sulphydryl groups 





Fig. 1 a, Binding of *H-corticosterone to C. albicans cytosol. 
After disruption of yeast, cytosol was prepared by centrifugation at 
204,000g for 30 min and incubated with increasing concentrations 
of *H-corticosterone for 3 h at 0 °C, Bound steroid was seperated 
from free steroid by chromatography on Sephadex G-50 mini- 
columns. b, Data for specifically bound *H-corticosterone from a 
analysed by the method of Scatchard. Ky» 7.50M, Noa" 
651 fmol per mg protein. ©, Total; @, specific; A, nonspecific. 
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required for binding. The properties of the binder are described 
in detail elsewhere (D.S.L. and D. F., in preparation) but it is 12.5 a 
interesting that the “H-corticosterone-binder complex sedi- 


ments at ~4.0S in hypotonic sucrose density gradients and has 10 | 
an approximate molecular weight of 60,000 estimated from è Control 
chromatography on exclusion gels. z.g | © Plus extract 


The steroid specificity of the C. albicans *H-corticosterone 
binding protein was explored in a series of competition experi- 
ments and the data are presented in Fig. 2. Radioinert corti- 
costerone and progesterone were potent displacers of the °H- 
corticosterone binding, 118-cortisol and prednisolone were 
moderate competitors, while the potent synthetic glucocorti- 
coid, dexamethasone, failed to bind. R-5020, a synthetic pro- 
gestin with high affinity for mammalian progesterone receptors’, 
had 2% of the activity of progesterone. The sex steroids 
oestradiol and testosterone, the mineralocorticoid aldosterone 
and ila-cortisol, an inactive (in mammals) stereoisomer of 
118-cortisol, were all devoid of activity. Ergosterol, the major 
sterol synthesized by C. albicans, displaced only 3% of the 
bound °“H-corticosterone at 100-fold molar excess (data not 
shown). 

We next investigated whether a native endogenous ligand 
existed which could specifically occupy this yeast binding site. A 
crude ethanolic extract of C. albicans yielded a material with the 
ability to compete with “H-corticosterone for the fungal binding 
site (Fig. 3a). Lineweaver-Burk analysis indicated that the 
displacement was competitive in nature. Furthermore, as shown 
in Fig. 34, c, this extract had the ability competitively to displace 
*H-dexamethasone from classic glucocorticoid receptors in rat 
thymus cytosol as well as *H-corticosterone from human plasma 
CBG. However, the yeast extract was considerably more potent 
in inhibiting binding to the fungal protein. Although we have not 
identified the active factor(s) in this ethanolic extract of C. 
aibicans, we believe the binding activity to be due to a native 0 
endogenous ligand, perhaps a fungal sterol. Similar binding 0 2 4 6 8 10 12 14 
activity was detected in methylene chloride extracts of growth 1/F (x104 mi fmol™ 1) 
media from C. albicans. 


1/8 (x102 mt fmol?) 


1/8 (x103 mi fmot7!) 


1/8 (x104 mi fmot}) 





The studies described here demonstrate the existence of a 
protein binder in the cytosol of C. albicans which has high 
affinity and consi erable specificity for vertebrate steroids. The 
binder exhibits properties consistent with a receptor molecule. It 
is stereospecific, extremely selective and has a high affinity for 
*H-corticosterone (~7 nM) which is equivalent to that of 
mammalian glucocorticoid receptors’. The number of binding 
sites (730 fmol per mg protein) is in the range of the receptor 
binding capacity reported for many mammalian glucocorticoid 
systems’. Lipid extraction of C. albicans or its culture medium 


Fig. 3 Lineweaver-Burk analysis of the ethanol-extractable C. 
albicans ligand indicates competitive binding to three steroid 
binding proteins. C. albicans (~5 x 10° organisms) were extracted 
for 24 h with redistilled ethanol to a final extract volume of 10 ml. 
Aliquots of yeast extract were dried down to remove ethanol and 
then examined for their ability to compete with vertebrate steroids 
for specific binding sites. a, C. albicans cytosol incubated with 
13 nM *H-corticosterone + 50 wl yeast extract. b, Adrenalecto- 
mized rat thymus cytosol incubated with 13nM *}{-dexametha- 
sone + 100 pl yeast extract. c, Human serum incubated with 13 nM 
*H-corticosterone + 200 ul yeast extract. 


yielded a material which reversibly competes for yeast cytosol 


binding sites as well as mammalian receptor binding sites. We 
hypothesize that this substance represents the endogenous 
ligand for the cytosol binder. 

These results suggest that C. albicans possesses both 
components of a hormone-receptor system—a ligand and a 
binding protein. The evolution of the mammalian steroid 
hormone-receptor system and what seems to be an analogous 
system in simple unicellular eukaryotic yeast suggests that both 
may be derived from a common ancestor. 

The ability of mammalian steroids to interact with the C. 
Prednisolone albicans binder and the ability of the yeast lipid extractable 
R-5020 factor to compete for mammalian binding sites raise the possi- 
Progesterone bility of important interactions between infecting organism and 
Corticosterone host. C. albicans infects man and has a special predilection for 
patients receiving glucocorticoid therapy. We speculate that the 
hormonal milieu of the host may act via the C. albicans receptor 
to alter the behaviour of the infecting yeast. Conversely, the 
endogenous ligand from C. albicans may modify host cellular 
function by interacting with steroid receptors in various target 
organs. We believe these new considerations warrant intense 
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Fig. 2 Specificity of the C. albicans cytosol binder. Cytosoi was 
incubated with 13 nM °H-corticosterone + competitor steroids at 
the indicated molar ratios for 3 h at 0°C., Control (100% ) binding ToN 
in the absence of competitors was 486 + 45 (s.e.m., n = 5) fmol per investigation. : 

mg cytosol protein. This work was supported by NIH grant GM-28825. 
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Biochemical identification of viruses 
causing the 1981 outbreaks of 
foot and mouth disease in the UK 


A. M. Q. King, B. O. Underwood, D. McCahon, 
J. W. I. Newman & F. Brown 


Departments of Genetics and Biochemistry, Animal Virus Research 
Institute, Pirbright, Woking, Surrey GU24 ONF, UK 


The viruses causing the recent outbreaks of foot and mouth 
disease in the United Kingdom (Jersey and the Isle of Wight) 
and France (Brittany and Normandy) have been shown by 
analysis of the virus-induced proteins and the viral RNAs to be 
closely related to each other, and to another virus of serotype O, 
Lausanne 1965 (Switzerland), which is used in the preparation 
of commercial vaccines. Comparative studies described here 


and elsewhere'’ indicate that foot and mouth disease virus . 


(FMDV) is extremely unlikely to survive unaltered in the field 
for 16 yr. Thus the outbreaks must have been caused by the 
re-introduction into the field of the Lausanne strain, possibly by 
escape from a laboratory, by the use of a vaccine contaminated 
with the virus or by an incompletely inactivated foot and mouth 
disease vaccine. 

The vaccination policy adopted on the European mainland 
has greatly reduced the incidence of foot and mouth disease and 
has also benefited the United Kingdom, where vaccination is not 
used. Indeed, the recent outbreaks in Jersey and the Isle of 
Wight (March 1981) were the first in the United Kingdom since 
1974. They coincided with an outbreak in Normandy and 
followed closely an outbreak in Brittany. Weather conditions at 
the time were suitable for the virus to be spread by the wind from 
France to the United Kingdom’. 

In all four cases, the causative viruses were shown by the 
World Reference Laboratory of this institute to be closely 
related to members of serotype O, subtype 1. To characterize 
these isolates more precisely, we have used two independent 
biochemical methods: electrofocusing of virus-induced poly- 
peptides from infected cells and fingerprinting of ribonuclease 
T, hydrolysates of the virus RNA. By these means we have 
found molecular evidence that the four outbreaks were caused 
by the same strain of virus, and, more importantly, that this 
strain is indistinguishable from the Lausanne strain of virus first 
isolated in 1965, but clearly different from many other viruses of 
serotype O. 

Electrofocusing separates proteins according to their charge. 
The technique has been little used for comparing viruses 
although it provides a sensitive and rapid method for dis- 
tinguishing closely related strains. Using electrofocusing, elec- 
trophoretic mutations affecting virus proteins have been de- 
tected in viruses collected at different times’ and in conditional 
lethal mutants isolated in the laboratory**. At least eight poly- 
peptides, accounting for 75% of the coding capacity of the 
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genome, can be resolved in a simple one-dimensional analysis. 
Figure 1 illustrates the application of the method to 16 
different isolates of FMDV, serotype O. To focus all the poly- 
peptides it is necessary to use both electrophoretic polarities; 
hence Figs 1 and 3 are each composed of two independent 
analyses, joined so that redundant information is omitted. To 
reduce the background of cellular protein, virus-induced poly- 
peptides were separated from cell extracts by precipitating them 
with convalescent serum’. The identification of the polypeptides 
on the gels was based on two-dimensional analyses (not shown) 
performed as described previously for three strains of serotype 
O, one of which (O-BFS 1860, Fig. 1k) was a virus isolated 
during the extensive outbreak of disease in the United Kingdom 
in 1967-68. The polypeptides of all other isolates were 
identified by analogy with these reference strains. 
Examination of about 60 different viruses of serotype O 
showed that the net charge of two of the eight polypeptides (VP4 
and P34) is highly conserved, as shown in Fig. 1 for the 16 
isolates. Furthermore, VP2 and P56a varied in the same manner 
as in their precursor polypeptides, P38 and P72 respectively. 
Comparisons of viruses were based, therefore, on the four 
polypeptides VP1, VP2, VP3 and P56a. Differences in the 
charge of FMDV proteins are believed to manifest differences in 
amino acid sequence rather than degrees of phosphorylation’. 
Figure la-g shows the patterns of polypeptides produced by 
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Fig. 1 Electrofocusing FMDV -specific polypeptides from infected cells: 
comparison of isolates from the 1981 outbreak in the United Kingdom and 
France with other type O isolates. Virus samples were supplied as epithelium 
from infected animals or such material passaged once in primary bovine 
thyroid cells. After passaging the virus two to four times in BHK 21 cells, 
cytoplasmic extracts were prepared from virus-infected BHK cells labelled 
with **S-methionine as described previously’. Virus-specific proteins were 
precipitated using convalescent guinea pig antiserum to FMDV strain O 
Pacheco”, Washed immune precipitates were resuspended in 0.1 ml of 
0.01 M Tris-HCI pH 7.4, 1 mM EDTA, 1% (v/v) NP40 and 0.1 mg mi™' 
pancreatic ribonuclease, and incubated for 15 min at 37°C. Mercapto- 
ethanol (3.5 ul) and urea (100 mg) were added and the solution incubated 
for a further 15 min at 37 °C. Up to 20 yl of each radiolabelled polypeptide 
solution were electrofocused as described previously. The figure is composed 
from parts of two sets of electrofocusing gels, run with opposite polarity and 
joined so that redundant information at the origins of the gels is omitted, On 
the right, electrofocusing was as for method (i) in ref 4, except that 2% NP40 
was included in the gels. The gels on the left were prepared using a mixture of 
LKB ampholines: pH 2.5-4, pH 4-6, pH 5-7 and pH 3.5-10 in the ratio 
1:1.5:1:1.5. Electrofocusing was for 1 h at 200 V. 4 h at 400 V and 2h at 
600 V. a, Uninfected; b, Brittany 1981; c, Normandy 1981; d, Jersey 1981; 
e, Isle of Wight i 1981; f, Isle of Wight ii 1981; g, Isle of Wight iii 1981; h, Isle 
of Wight iv 1981; i, Israel 1963; j, Lausanne 1965; k. BFS 1860 1967: 1, f+ j; 
m, France 1979; n, India 1979; o, Malaysia 1980; p, Thailand 1980; q, Saudi 
Arabia 1981; r, Austria 1981; s, f+. 
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viruses isolated from the recent outbreaks which started in 
Brittany (Fig. 1b). It can be seen that very similar viruses 
subsequently appeared in Normandy (Fig. lc), Jersey (d) and 
the Isle of Wight (e-h). Indeed, the only change in polypeptide 
charge was in the P56a of one of the Isle of Wight samples (Fig. 
lh). An additional VP2 band was found in the Jersey virus, 
presumably indicating that it was a mixture of viruses. It may be 
significant that difficulty was encountered in recovering virus 
from these two samples. 

The other viruses shown in Fig. 1i-r were studied as potential 
sources of the outbreak. Figure li-k shows the patterns 
produced by three viruses belonging to subtype 1, isolated many 
years ago, which have subsequently been used for the produc- 
tion of vaccines, and Fig. 1m-r shows some recent field isolates 
of serotype O, There is considerable variation among these 





Fig.2 RNase T, fingerprints of virus RNAs prepared from RNA 
extracted from purified **P-labelled virus particles. The virus 
isolates were grown in BHK 21 cells in Earle’s medium in which the 
phosphate had been replaced with Tris buffer pH 7.6, and 
contained ~100 Ci POs ml '. The virus particles were purified 
essentially as described previously’ and the RNA extracted from 
the sucrose gradient fractions with phenol in the presence of 
0.1% SDS, 0.1 M Na acetate pH 5.0. The aqueous layer containing 
50 pg tRNA was precipitated with 2 vol ethanol at —20°C over- 
night, the RNA collected by centrifugation and hydrolysed with 
RNase T,. The mixture of olignonucleotides was analysed by 
two-dimensional electrophoresis essentially as described pre- 
viously". a, Brittany; b, Jersey; c, Brittany and Lausanne; d, 
Lausanne; e, Isle of Wight; f, Austria, 
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Fig. 3 A comparative electrofocusing study of polypeptides 

induced by FMDVs isolated at different times during the UK 

outbreak of 1967-68. Isolates are identified by World Reference 

Laboratory ref. numbers. Methods were as for Fig. 1. a, Unin- 

fected; b, BFS 1848 Nov 1967; c, BFS 1860 Nov 1967; d, BFS 

1891 Nov 1967; e, BFS 1999 Jan 1968; f, BFS 59 Mar 1968; g, BFS 
86 May 1968; h, BFS 88 May 1968. 


viruses, each of the variable polypeptides having several 
different possible isoelectric points. The UK 1981 isolates 
showed no similarity to the Austrian isolate (Fig. 17) which is the 
only other outbreak of serotype O to occur in Europe this year. 
However, the most striking result is that two viruses, Lausanne 
1965 (Fig. 1j) and a virus isolated in Normandy in 1979 (Fig. 
Im), produced identical polypeptide patterns to the 1981 iso- 
lates in France and the United Kingdom. This identity was 
confirmed by electrofocusing mixtures of the polypeptides (Fig. 
1/, s). These results suggest that the causative viruses in the 
outbreak in France in 1979 and in the United Kingdom and 
France in 1981 were closely related to the Lausanne strain 
which is used in the preparation of some commercial vaccines. 

Two-dimensional fingerprints of ribonuclease T, digests of 
the isolated RNAs provided more detailed evidence that the 
Brittany, Normandy and Isle of Wight viruses were indis- 
tinguishable from the Lausanne virus (Fig. 2). The identity of the 
fingerprints of the Brittany and Lausanne viruses was confirmed 
by analysing a mixture of the ribonuclease T, digests (Fig. 2c); 
the mixture gave the same number of spots as the individual 
RNAs. The Jersey virus gave a fingerprint identical to those 
from the other viruses except for one additional spot (arrowed in 
Fig. 2b). Several other viruses of serotype O, inciuding Austria 
1981 (Fig. 2f), India 1979 and Thailand 1980, gave different 
fingerprints (not shown). 

The finding that the 1981 UK isolates and a virus first isolated 
16 yr ago were identical was surprising because continuous 
passage of foot and mouth disease in animals over such a long 
period would be expected to alter considerably its polypeptide 
and oligonucleotide patterns'. Further evidence of frequent 
mutational change was found by electrofocusing polypeptides 
induced by a selection of seven isolates from the 1967-68 
outbreak in England. Only two of the seven isolates gave 
identical patterns (Fig. 3). We therefore consider it unlikely 
that the Lausanne virus would have survived unaltered in field 
conditions for 16 yr. More likely explanations for its recurrence 
in the field this year are (1) its escape from a laboratory, (2) 
the use of a vaccine contaminated with the virus, or (3) the use 
of an incompletely inactivated foot and mouth disease vaccine. 

We thank our colleagues in the Epidemiology Department of 
this institute for providing the viruses used and for helpful 
discussions. 
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Production in B. subtilis of hepatitis B 
core antigen and of major 
antigen of foot and mouth disease virus 


Kimber Hardy, Stephen Stahl & Hans Kupper 


Biogen SA, 3 route de Troinex, 1227 Carouge, 
Geneva, Switzerland © 


Although Escherichia coli has generally been used as the host 
for expressing cloned genes, there may be advantages in using 
other bacteria, suc is Bacillus subtilis, for making viral or 
eukaryotic polypeptides. B . subtilis is a non-pathogenic Gram- 
positive bacterium which, unlike E. coli, does not produce 
endotoxins and excretes several extracellular proteins in large 
amounts. Strains of Bacillus are widely used commercially for 
producing enzymes and antibiotics, and B. subtilis (natto) is 
used in Japan as a source of food for human consumption. 
Existing methods for large-scale growth of B. subtilis and for 
isolating proteins from such cultures may be useful for making 
viral or eukaryotic polypeptides from Bacillus strains contain- 
ing cloned DNA. We describe here how proteins cross-reacting 
with antibodies against either the core antigen of hepatitis B 
virus (HBV) or the major antigen (VP1) of foot and mouth 
disease virus (FMDV) can be made in B. subtilis when the 
appropriate viral gene is inserted into a suitable plasmid vector. 

To express genes coding for viral proteins in B. subtilis, viral 
DNA was inserted into a plasmid gene for erythromycin resis- 
tance. Plasmid pBD9 (refs 1,2) comprises genes coding for 
resistance to kanamycin and to erythromycin. The gene for 
erythromycin resistance encodes a protein of molecular weight 
(MW) 29,000, whose synthesis in B. subtilis is induced by 
sub-inhibitory concentrations of erythromycin’. The sequence 
of the erythromycin resistance gene has been determined’. 

Plasmid pPLVP1 is a derivative of pBR322 in which a DNA 
fragment coding for all except eight amino acids at the NH, 
terminus of VP1 is joined to DNA coding for 99 amino acids of 
the replicase gene of bacteriophage MS2 (ref. 5). The plasmid 
has a unique BamHI site at the junction of the FMDV and MS2 
replicase fragments (Fig. 1). 

Plasmid pPLVP1 which has been cut with BamHI can be 
joined to pBD9 which has been cut with Bc/I, as both these 
enzymes cleave DNA to give a single-stranded sequence of 
GATC at the 5’ end (Fig. 2). In one of the two possible 
orientations, pPLVP1 and pBD9 should join to form a fusion 
polypeptide of 370 amino acids, comprising 73 amino acids 
encoded by the erythromycin resistance gene, 284 amino acids 
of FMDV and 13 amino acids of the vector. Thus, the FMDV- 
derived sequences should code for all except eight amino acids at 
the NH, terminus of the VP1 protein. VP1 is composed of 213 
amino acids’. 

After digestion of pPLVP1 and pBD9 with BamHI and with 
Bell respectively, mixtures of the two plasmids were incubated 
with T4 DNA ligase and transformed into B. subtilis strain 
BD170 (Fig. 1)’. The plasmid in one of the transformants, 
pEVP1, comprises pBD9 and pPLVP1 joined together such that 
a fusion protein should be formed in which the VP1 protein is 
joined to part of the protein encoded by the erythromycin 
resistance gene. In pEVP2, the two plasmids are joined in the 
opposite orientation and no such fusion protein should be 
formed. 

To determine whether a fusion protein of the expected mole- 
cular weight (41,000) was formed in B. subtilis, extracts frac- 
tionated on an SDS-polyacrylamide gel were analysed by 
radioimmunoassay for antigens reacting with VP1-specific 
antibodies (Fig. 3). Bacteria were grown in the presence of a 
sub-inhibitory concentration of erythromycin (0.05 pg m~’) to 
induce the synthesis of polypeptides produced under the contro! 
of the regulatory signals of the erythromycin resistance gene’. 
Extracts of BD170 (pEVP1) contained an antigen of MW 
~ 41,000 which reacted specifically with anti-VP1 antibodies 













(Fig. 3). No such antigen was present in BD170 (pEVP2) or! 
BD170 (pEVP1) not induced with erythromycin. 

To effect expression of the gene for HBV core antigen, the 
plasmid vector pKH80 was made by joining pBD9 to pBR322- 
(ref. 8) as described in Fig. 1. Plasmid PKH80 confers 
erythromycin resistance on EF. coli, at high concentrations: 
(60 ug ml! in L-agar), erythromycin partially inhibits E. coli 
unless the plasmid gene for erythromycin resistance is present. 
The 29,000-MW protein specified by the erythromycin resis- 
tance gene can be detected in E. coli minicells containing 
pKH80 which have been induced with erythromycin (2 wg mi") 
(K.H., unpublished observation). 

To insert the HBV core gene into the single Bci cleavage site — 
of pKH80, which occurs within the gene for erythromycin: 
resistance’, plasmid pH98, which comprises the HBV core gene 
with cleavage sites for BamHI close to each end of the gene, was 
isolated as described in Fig. 4. 

The BamHI-generated fragment from pH98 can be inserted 
into the Bc/I site of pKH80 with the proper reading frame for 
expressing HBV core antigen maintained (Fig. 2). Ribosomes 
translating the mRNA of the erythromycin resistance gené 
should arrive in phase at a termination codon in the HBV DNA, — 
Three base pairs (bp) after this codon is the AUG start codon for 
the HBV core antigen gene, from which translation should 
restart de nove from the transcript of the viral DNA sequence 
(Fig. 2). A discrete core antigen polypeptide, rather than a 
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Fig. 1 a, Restriction endonuclease cleavage map of plasmid pEVP1. The 
lower line represents pBD9 (refs 1, 2). Km-r, approximate region coding 
for kanamycin resistance; Em-r, region coding for erythromycin resistance, 
The upper line (on a different scale) represents pPLVP1 {rel S, FMDV, 
insert-derived FMDV cDNA; P,, AP, control element; M82, DNA derived: 
from bacteriophage MS2. The numbers are kilobase coordinates. Flag nids 
pBD9 and pPLVP1 were digested with Beil and BamHI res 
ligated and used to transform B: subtilis strain BD170 (genotype 
thr-5) using the method of Contente and Dubnau™’. Plasmid DNA isolated 7 
from transformants resistant to kanamycin (5 pemi °} was digested with 
EcoRI and Psd and with HindIII and Psd to determine the orientation of 
pPLVP1t which was inserted into the erythromycimresistance gene of pRD9. 
b, Restriction endonuclease cleavage map of pKHS0 and derivatives con- 
taining the HBV core gene. pKH80 was made by ligating EcoRI-digested- 
pBD9 to EcoRI-digested pBR322. In pKH81 and pKH&2, a BamHi- 
generated fragment comprising the HBV core gene was inserted at the Bell 
cleavage site of pKH80 in the orientation shown. In pRH&3, the BamHi- 
generated fragment was inserted in the opposite-orientation. Positions of 
restriction endonuclease cleavage sites are those of Gryczan et al’ and of 
Horinouchi and Weisblum* (for pBD9), and of Sutcliffe’? (for pH R322). 
Restriction endonucleases were obtained from New England Biolabs and 
used in conditions recommended by the manufacturers, The method for 
electrophoretic separation of DNA fragments and the conditions for ligation- 
of DNA fragments are described elsewhere'*. The upper line representing. 
the HBV core gene is drawn to a different scale. Coordinates 6.090 and 
0.345 indicate the positions of Xbal sites which-were used to determine 
the orientation of HBV core inserts in the erythromycin resistance gene. 
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a Bell /Bamuil 
BRN eee te teeta ec cece ac oRcoar ee 
CETTTATTT CAACTAGIGACAGTGGTGGTGGCAA... 
GluAsnlysle or aa te te ta oe Fig.2 a, Sequence at the junction of FMDV DNA inserted 
69 70 71 72 11 72 13 14 13 ee into Bell site of the erythromycin resistance gene, The 
predicted sequence is based on the published sequence for 
the erythromycin resistance gene* and the gene for VP1 °. b, 
Sequence at the junction of the HBV core gene inserted into 
the Bell site in the erythromycin gene. *** Indicates a 
Cheon Em-r FMDV = wit termination codon. The sequence to the right of the eryth- 
romycin resistance gene was determined in plasmid pH98 
(Fig. 4) by the method of Maxam and Gilbert'*, The 
iz sequence of the erythromycin resistance gene is that of 
b Bell /Bamiil Hindlll Horinouchi and Weisblum*. 
. « GAAAATAAACTTGT’ JATCCGGCC GCTTGGCCTTGGGTGGCTTT AGGGCATGGACATTGACCCTTATAAA... 
. « sCTTTTATTTGAACAAC HOCGGT COGGAACCCACCGAAATCCCGTACCTGTAACTGGGAATATTT... 
. - GluAsnlysLeuValAspProdAlalysLeuGly LeuGlyTrpleu*** MetAsplIleAspProTyrlys... 
69 70 71 72 73 74 it 232.45 6°% 
€--— ir ——> HBV core antigen ————> 


fusion protein, should therefore be formed. Expression of the 
HBV core antigen gene from this type of construction was 
observed in E. coli containing the original plasmids expressing 
the gene’. 

The 1,037 bp fragment produced by BamHI digestion of 
pH98 was ligated to Bc/l-digested pKH80 and recombinant 
plasmids, which did not confer erythromycin resistance, were 
selected by transformation of E. coli K-12 strain HB101. In 
plasmids pKH81 and pKH82, the HBV core gene is inserted so 
that it is read in the same direction as the erythromycin gene; in 
pKH83, the insert is in the other orientation (Fig. 1). 

B. subtilis strains M1119 (ref. 10), which has the genotype 
leuB6, trpC2, r m, and SL650 (obtained from P. Piggot), of 





Fig. 3 B. subtilis BD170 containing pEVP1 or PEVP2 were grown with 
vigorous aeration at 37°C in 100ml of VY broth’ to Asso= 0.2. After 
addition of erythromycin (0.05 ug m! '), the cultures were grown for a 
further 2 h, centrifuged and resuspended in 1 ml of lysozyme buffer (25% 
sucrose in 30 mM Tris-HCl! pH 8.0, 50 mM EDTA, 50 mM NaCl) contain- 
ing lysozyme (1 mg m!~'). After 30 min incubation at 37 °C, the cells were 
lysed at 0 °C by sonication. The lysate was centrifuged at 12,500 r.p.m. for 
15 min at 0°C in a Sorvall SS-34 rotor. The supernatant was analysed by 
electrophoresis through an SDS-polyacrylamide gel (10%) and proteins in 
the gel transferred by a sandwich technique to tWo nitrocellulose filters, 
essentially as described by Bowen et al.'°. To detect antigens in a filter which 
could bind VP1-specific antibodies, the filter was first incubated for 8 h at 
room temperature in a buffer comprising 2% fetal calf serum in phosphate- 
buffered saline to saturate protein binding sites. The filter was then 
incubated with 40 ml of the same buffer containing ‘**I-labelled anti-VP1 
IgG (6x 10° c.p.m. per yg; total of 30x 10° c.p.m. in 40 ml) overnight at 
room temperature. After thorough washing in the same buffer containing 
0.05% NP40 (Fluka), the filter was autoradiographed. The second filter was 
stained for 15 min with 0.1% aniline blue black in 45% methanol, 10% 
acetic acid and 45% water. It was destained for 15 min with (three changes 
of) 50% methanol, 2% acetic acid and 48% water. Lanes a-e, stained 
nitrocellulose filter; f-/, autoradiograph of tracks equivalent to a-e. Lanes a, 
f protein molecular-weight markers; b, g, BD170 (pEVP2); c, h, BD170 
(pEVP1); d, i, E. coli K12 MH 1; e, j, E- coli K-12 AH1 (pPLVP1) (see ref. 5). 


genotype spoIIA69, trpC2, rif-2, were transformed with these 
plasmids and tested for HBV core antigen production by solid- 
phase radioimmunoassay''. SL650 produces neither the spores 
nor some of the proteases produced by sporulation-proficient 
B. subtilis. Colonies formed during overnight incubation on 
plates containing erythromycin (0.05 ug ml ') were lysed by 
adding 5 yl of a lysozyme solution (2 mg ml ' in water) to each 
colony and incubating for 30 min at 37 °C. Strains MI119 and 
SL650, containing plasmids pKH81 and pKH82, gave positive 


Digestion of pHBVI39A with Pesti 


| 
HEY T BamHi 
Exonuclease Bal3ĵ 
Addition of Hindlil and Bami linkers 


Cut with Bamil and purification of 


fragment by agarose gel electrophoresis 
Sauk 


¥ core 
ndIIl linker 


gene 


Insert into BamHI site of pBH322 


Prepare DNA 


Cut with BamH!l and ligate HBV core 


antigen fragment into Bell-cut pKH8O 


Fig. 4 Construction of BamHI-excisable HBV core antigen gene. Psil- 
digested pHBV139A (30 yg)” was digested with 3.3 U exonuclease Bal31 
(Bethesda Research Laboratories) in 300 ul of buffer (20 mM Tris-HCI pH 
8.0, 12 mM CaCl,, 12 mM MgCl,, 600 mM NaCl, 1 mM EDTA) for 4 min 
at 30°C. The reaction was stopped by phenol extraction and the DNA 
precipitated with ethanol. An average of ~100 bp were removed from each 
end of the DNA fragment. The exonuclease-treated DNA was resuspended 
in 20 wl of ligase buffer'* containing T4 DNA ligase and | ug each of 
HindIII and BamHI linkers (Collaborative Research). After ligation for 
16h at 15°C, the DNA was treated with BamHI, the fragments containing 
the HBV core antigen gene were purified by agarose gel electrophoresis 
and cloned into the BamHI site of pB8R322. Plasmid DNA isolated from 
transformants which were resistant to ampicillin (40 ug ml‘) and sensitive 
to tetracycline (15 gml~') were sequenced at the junction between 
pBR322 and the 5’ end of the core antigen gene using the method of 
Maxam and Gilbert’*. 
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results when tested for HBV core antigen. The same strains 
containing plasmid pKH83 gave negative results. 

These results show that proteins encoded by animal viruses 
can be made in B. subtilis, The gene for human leukocyte 
interferon has also been introduced into B. subtilis and inter- 
feron activity- detected- (A, H. A. Bingham, personal com- 
munication). The product of the erythromycin resistance gene, 
which is not sported protein, is made in relatively large 
amounts al detectable in Bacillus minicells’. The 
b by strains carrying pEVP1 comprises 
i: The concentration of the HBV core 
119(pKH81) was not determined pre- 
ellular protein, presumably reflecting 
f the stop/restart type of construction. 
hesizing viral proteins may be useful for 
tion of viral antigens to be used as diag- 
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Cauliflower mosaic virus (CaMV) DNA is an attractive candi- 
_ date as a vector for introducing foreign DNA into plants because 
the DNA can be directly introduced into plants by rubbing it on 
to leaves’*. The CaMV genome is a circular double-stranded 
DNA of about. 8 kilobases (kb), and has been entirely 
sequenced’. DNA isolated from the virus has a ‘tangled’ or 
_ ‘knotted’ secondary structure’ and contains two or three 
(depending on the isolate) site-specific single-strand inter- 
ruptions®”*. Cloned viral DNA, when excised from its recom- 
binant plasmid, is infective in linear form. The infected plant can 
recircularize the DNA ‘knot’ and reintroduce the site-specific 
single-strand interruptions’. For CaMV to be a useful vector, 
sites in the genome are required into which foreign DNA can be 
inserted without destroying infectivity, and ideally the inserted 
DNA would be expressed under viral control. Here we report 
the generation in vitro of small insertion and deletion mutations 
in cloned CaMV DNA. Most mutations destroy the infectivity of 
the viral DNA except for one, a linker insertion in the large 
intergenic region. Co-infection of plants with non-overlapping 
mutants usually leads to the production of virus particles, which 
seem to be produced by recombination. 
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Fig. 1 Procedure for the construction of Hinker-ingettion and Fi 
deletion mutants in cloned CaMV DNA. CaMV DNA, CM4-184 
isolate’ with two site-specific single-strand interruptions (4b), Was 
linearized at the single Sall site (—+—} and inserted into the Sall- 

site of pBR322 to produce pLW414. This recombinant plasmid: a 
was partially digested with Alul at 46 °C for 2 h in the presence of oo. 


80 pg ml’ ethidium bromide to produce a high proportion” 
(~30% ) of full-length linear molecules. Linear molecules, includ- 
ing full-length and some less than full-length forms, were selected 
by sedimentation on a 5-20% sucrose gradient. Linear molecules 
were methylated with EcoRI methylase’ to protect existing sites 
from subsequent digestion with EcoRI. EcoRI linkers, 
d(GGAATTCC) (Collaborative Research) in a 500 M end group 
excess were ligated to linear pL W414 (ref. 9). DNA with multiple 
attached linkers was digested with EcoRI, yielding plasmid mole- 
cules with linkers in monomer form and sticky ends. Such mole» 
cules were circularized with T; DNA ligase and used tò transform 
Escherichia coli C600, Appropriate clones were selected after 
examining EcoRI digests of small-scale preparations of the cloned 
DNA. To inoculate plants, 20 ag of the cloned plasmid DNA were 
digested with SalI. The digest was extracted with phenol, ethanol 
precipitated and dissolved in 50 wl of 150 mM Natl and 15 mM 
sodium citrate containing 2 mg of sterile Celite 545 (an-abrasive). 
The inoculum was rubbed on to the leaves of three 2-week old. 
turnip plants (Brassica rapa L., cv. Just Right), 


pLW414,a recombinant plasmid containing the entire CaMV 
(CM4-184) genome’, was mutated in vitro by the introductionof 
deletions and linker insertions in a procedure similar to that of. — 
Heffron et al.” (Fig, 1). Eleven modified plasmids were chosen __ 
for further study, their EcoRI digestion patterns being shown i in : 
Fig. 2. The parent plasmid pLW414 contains five ea aie 
siya Saar A and M X two UREE (V i 


















EcoRI o of 4 9 kb: a i, 8 kt Kb (lan a 
has acquired a new EcoRI site which splits EcoRI n 

into two pieces of 1.36 and 0.28 kb (lane C). A region (0 40 
not bounded by linkers is deleted from EcoRI fragmen 
pR76, yielding a smaller c fragment of 1.25 kb (ane D) 
pR153 a deletion bounded by a linker eliminates fragment d 
truncates fragments a, and b to 1.15 and 2.1 kb, respectively 

(lane E£). Plasmid pR155 has a deletion (2.2 kb) bounde By i 
linkers which spans the az-c junction, trimming fragment bah to : 
5,0 kb and fragment c to 1.20 kb (lane F). Plasmid oR173 
large deletion bounded by linkers in which only: 
tened junctional fragments remain—fragment az at 6.2 kb and — 
fragment a, at 1.20 kb (lane G). A linker is inserted into 

fragment c of pR189, producing two new a, subfragments, 
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Fig. 2 EcoRI digest pattern of in vitro modified pLW414 plas- 
mids. Plasmid DNAs (2 yg each) were digested with EcoRI, sub- 
jected to electrophoresis on a 5% polyacrylamide gel, stained with 
ethidium bromide and photographed with a UV light source. Lanes 
A, M, parent plasmid pLW414; lane B, pR49; lane C, pR72; lane 
D, pR76; lane E, pR153; lane F, pR155; lane G, pR173; lane H, 
pR189; lane J, pR190; lane J, pR212; lane K, pR213; lane L, 
pR214. Migration of EcoRI fragments a-d of pLW414 are 
indicated. 


5.3 kb and 0.37 kb (lane H). A deletion (1.9 kb) without linkers 
in pR190 forms an a-c fusion fragment of 3.9 kb (lane J). A 
linker towards the end of the b fragment of pR212 splits this 
fragment into 2.2- and 0.12-kb subfragments (lane J). Plasmid 
pR213 has a deletion (0.69 kb) bounded by linkers in fragment 
a>, producing subfragments of 5.2 and 0.8 kb (lane K). A linker 
in pR214 splits fragment c into two subfragments of 0.96 and 
0.74 kb. 

Maps of the modified plasmids (Fig. 3) summarize the restric- 
tion site analysis described above. These plasmids were chosen 
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to represent different regions of the genome and to provide 
plasmid pairs with closely spaced linkers (such as pR49 and 
PR189) or with deletions covering linker insertions (such as 
pR189 and pR213). The plasmid modifications cover several of 
the six reported potential coding regions (I-VI) described for the 
CaMV Cabb-S sequence’. For example, the linker in pR49 is in 
coding region V and the linker in pR72 in region I (Fig. 3). 

The modified plasmids were each tested individually for their 
ability to infect turnip plants (Brassica rapa L. c.v. Just Right). 
The plasmids were digested with Sall, to excise the CaMV 
DNA-containing portion of the plasmid, and used to inoculate 
plants. Plants were scored, 4-6 weeks after inoculation, for the 
presence of viral symptoms: vein clearing and leaf wrinkling or 
stunting. Most of the plasmid modifications including linker 
insertions are lethal to the virus, that is, the modifications block 
the production of virus particles and the development of typical 
infection symptoms (Table 1). However, one plasmid in this 
series with a linker insertion, pR212, infected plants as readily as 
did the parent plasmid pLW414. We discuss this plasmid below. 

As the mutated viral DNAs in most plasmids were non- 
infective on their own, we set up pairwise inoculations of all 
these plasmids (Table 1). In many cases, pairs of plasmids with 
non-overlapping modifications were able to rescue each other 
and infect plants, as, for example, in pR189-pR153. In no case 
did pairs of plasmids with overlapping modifications, such as 
pR189-pR213, infect plants. In many cases, plasmid pairs with 
closely spaced modifications did not infect plants, for example, 
pR72-pR214, pR49-pR189 and pR72-pR155. Although in a 
few other cases, pairs with closely spaced modifications, such as 
pR155-pR214 and pR76-pR155, were infective, only one out 
of three inoculated plants showed symptoms. Some pairwise 
inoculations with widely spaced markers did not rescue each 
other, as in the case of pR72-pR189 and pR76-pR213. We 
have repeated some of these inoculations several times with no 
SUCCESS. 

The rescue by co-infection with two mutant viral genomes 
probably occurs by one of two mechanisms—recombination or 
complementation. To determine by which mechanism rescue 
occurs, we analysed DNA in virus particles which result from 
productive infection by pairs of defective genomes. Such an 
analysis (Fig. 4) reveals that defective genomes are apparently 
rescued by recombination and that all the products of successful 
pairwise infections tested so far are CaMV genomes restored to 
their normal form. A critical test of that assumption is shown in 


// \ Fig.3 Maps of linker-insertion and 
| {l 153 deletion sites in pLW414 plasmids 
| modified in vitro. Data obtained 
from EcoRI digest pattern in Fig. 2 
< / and other digests are described in 

i text. Restriction sites (——) for the 
major EcoRI fragments a-d are 
indicated on the map of pR49 in the 


fon, . upper left corner. Maps are oriented 
fi ý so that the junction between CaMV 
H \ DNA (line) and pBR322 DNA 


(open lozenge) in EcoRI fragment a, 
is at 12 o'clock. Open CaMV DNA 
\ reading frames I-VI from the 
\\ sequencing data of Franck ef al. are 
redrawn onto pLW414 map in the 
we lower right-hand corner. Reading 

frame map is modified only to 

z include the 421-bp deletion in read- 

a ing frame II (ref. 18) found in CaMV 

jf CM4-184 isolates from which 
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Each of three plants was inoculated with 6 ug of each plasmid, singly or in pairwise combinations as indicated. A test was scored positive (+) if at 


least one out of three test plants showed symptoms. ND, not determined. 


Fig. 4 (lane 5), which contains the viral DNA resulting from 
infection by pR76 and pR155. Neither plasmid contributes an 
intact EcoRI fragment c and yet a normal fragment c is found in 
the resulting viral DNA. In infections with plasmid pairs where a 
mixture of normal and modified EcoRI fragments might be 
expected, only normal fragments were found. In the infection 
with the pair pR49-pR76 (lane 3), the 1.25-kb EcoRI fragment 
from the defective pR76 genome is lost, as is the 1.8-kb sub- 
fragment from the pR49 EcoRI fragment a. We have also found 
only normal genomes resulting from infections by pairs not 
shown in Fig. 4, including pR76-pR189, pR152-pR213, 
pR153-pR189, pR189-pR214 and pR213-pR214. 

Of special interest is pR212, a linker insertion in the EcoRI b 
fragment. This insertion is not a lethal mutation, and pR212 will 
infect plants when inoculated alone. The linker in pR212 maps 
in the large intergenic region between coding regions I and VI 
(Fig. 3), just clockwise to the single-strand interruption in the 
transcribed strand™'’''. Plants infected with pR212 produce 
virus particles that retain the linker insert in the EcoRI b 
fragment. EcoRI digests of viral DNA from pR212-infected 
plants (Fig. 4, lane 6) show that the b fragment is split into the 
expected 2.2- and 0.12-kb fragments (see arrows). 

These findings pinpoint a possible difficulty in the use of 
CaMV DNA as a plant molecular vehicle when used in con- 
junction with helper viral DNA. The difficulty is that the foreign 
DNA may be expelled from the vehicle by recombinational 
events that take place between the vehicle and the helper. 
Vehicle and helper virus combinations have been quite success- 


Fig.4 EcoRI digest pattern of CaMV DNA obtained from small- 
scale viral DNA preparations of infected leaves. Viral DNA from 
leaves infected with pLW414 (1), pR49 and pR72 (2), pR49 and 
pR76 (3), pR49 and pR173 (4), pR76 and pR155 (5), pR212 (6), 
and pLW414 (7). Three plants were inoculated with 20 yg of each 
Sall-digested plasmid. Plants showed symptoms 4 weeks after 
infection and viral DNA was prepared from two or three leaves 1 
week later using a procedure modified from Gardner and She- 
pherd’”. The modifications include grinding the leaves to a powder 
in liquid nitrogen and precipitating the extracted DNA with an 
equal volume of ethanol. EcoRI fragments a-d as indicated are 
shown on the map of pR49 in Fig. 3. (Note that fragment a from the 
virus is not split into subfragments a, and a> as it is in the cloned 
DNA.) Minor bands between EcoRI-a and -b and between EcoRI- 
band -c result from linear CaMV DNA molecules in the viral DNA 
preparation. 





ful in the use of SV40 DNA as a vehicle when propagated as 
virions in animal cells (see ref. 12, for example). To infect plants 
directly with a CaMV vehicle and helper, it may be necessary to 
suppress recombination, perhaps by setting up a system to select 
against recombinants or by infecting with viral DNA forms that 
do not readily recombine. We have found that the recom- 
bination system in infected plants seems to require CaMV DNA 
molecules with homologous ‘sticky’ ends (R.M.W. and S.H.H.., 
in preparation). 
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At present, it seems best to use CaMV DNA as a vehicle to 
insert or substitute foreign DNA at sites in the genome where 
insertion does not destroy infectivity. Infectivity by pR212 
shows that small modifications in the intergenic region are 
tolerated. Gronenborn et al’? have reported that small 
modifications in coding region II are also tolerated. We are 
interested in attempting to insert or substitute foreign DNA into 
the body of a structural gene that is actively expressed during 
CaMV infection. Coding region VI codes in the infected plant 
for the most abundantly accumulated messenger RNA, a 19S 
species'*, and protein, P66 (ref. 15). P66 (molecular weight 
66,000) is presumably the matrix protein of viral inclusion 
bodies that accumulate in the cytoplasm***’. Although these 
studies do not conclusively demonstrate whether P66 is essential 
for virus multiplication, other preliminary experiments involv- 
ing site-specific insertions and deletions in this region suggest 
that a relatively intact region VI is required for virus production 
(R.M.W. and S.H.H., in preparation). 

This work was supported by NSF grant PCM-7913707 and 
the USDA/SEA grant 5901-04010-8-0178-0. R.M.W. is a 
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Harvey murine sarcoma virus (Ha-MuSV), a replication-defec- 
tive retrovirus, was originally isolated by passage of Moloney 
murine leukaemia virus (Mo-MuLV) in rats’. The Ha-MuSV 
genome has recently been molecularly cloned and its DNA 
physically characterized’. Apart from Mo-MuL V sequences at 
the 5’ and 3’ termini of the viral genome, the other viral 
sequences are rat derived. One set of rat sequences is homolo- 
gous to highly reiterated genes encoding ‘rat 308’ RNA**. The 
biological activity of cloned subgenomic fragments’*” indicated 
that a second set of rat sequences (src) is essential for trans- 
formation and expression of the transforming protein p21, 
which led us to select a 1.29 kilobase pair (kbp) fragment, totally 
circumscribing the transforming sre gene, for insertion into the 
late region of an SV40 vector. The data presented here indicate 
that on transmission to African green monkey kidney (AGMK) 
cells, this subgenomic fragment is stably expressed as a 930 base 
pair (bp) mRNA. This apparentiy unspliced mRNA encodes 
large quantities of a transforming protein that is indistinguish- 
able from Ha-MuSV p21. A mRNA with a 5’ end similar to that 
transcribed from the recombinant molecule has also been 
identified in HaMuSV-transformed mouse cells. 
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Fig.1 Schematic representation of the construction of the SV40—Ha-Mu,,. 

recombinant. $V40 wild-type DNA was digested with BamHI, treated with 

bacterial alkaline phosphatase (BAP) and recleaved with KpnI; the larger 

(3 kb) fragment was isolated by agarose gel electrophoresis. In parallel, a 

plasmid carrying the cloned DNA fragment from Ha-MuSV was digested 

with Psd, treated with BAP, recleaved with KpnI and a 1.29 kb fragment 
isolated. Ligation of the two fragments was performed in conditions 
described previously*’. The ligated products were electrophoresed in an 
agarose gel and the heterologous dimers of ~4.3 kb were electroeluted. 

20 ng of this material were used in an infectious centre assay” complemented 

by helper tsA28. Individual plaque isolates were grown up to yield large 

stocks and used subsequently for infection of AGMK cells. DNA was 

prepared according to Hirt?” and the physical map established (data not 
shown}. A mutant with the predicted structure of SVL,-Ha-Mu,,. was 
selected and used for further experiments. 

A purified 1.29 kbp fragment (Ha-Mu,,.) from the 5’ half of 
the Ha-MuSV genome*“, containing the entire src gene, was 
joined to an SV40 vector such that the sre gene was in the sense 
direction relative to the late transcription unit (Fig. 1). The SV40 
fragment provides a functional replication origin, an intact early 
transcription unit, the promoter for late transcripts and the 
polyadenylation signal for late mRNAs, but lacks a functional 
late initiation triplet (AUG). This linear recombinant was 
transfected into secondary AGMK cells and cloned in an 
infectious centre assay” using the SV40 early mutant tsA28 as 
helper virus. The linear molecules are converted into covalently 
closed circles by the action of cellular enzymes. 

To map the template of the Ha-Mu src-specific mRNA and 
examine the transcript for potential splice sites, poly(A)” RNA 
from infected cells was hybridized to *’P-labelled DNA probes 
and digested with either exonuclease VII (exo VII) or S$, 
nuclease. Exo VII exclusively digests single strands with free 
ends, whereas S, removes these strands as well as internal 
single-strand loops (due to excised RNA introns) in the 
DNA’. When RNA was annealed to probe B (which repre- 
sents the nucleotide sequences of the entire Ha-Mu src insert 
plus a short stretch of SV40 sequences at its 3’ end), the major 
S,-resistant band was 930 nucleotides long (Fig. 2, lanes f, g). 
The same heteroduplex digested with exo VH (lanes h, i) also 
revealed a single major band of 930 nucleotides, whereas the 
self-annealed DNA probe was 1,430 bp long; this strongly 
suggests that the Ha-Mu src sequences do not contain an intron. 
When probe A (which includes all Ha-Mu src sequences) was 
used, S, digestion again revealed a single major band of 930 
nucleotides, indicating that no intron utilized at detectable levels 
is present in the region encoding the p21 protein (lanes b, c). 
When fragment C (which begins within the presumed coding 
region for p21) was used, the major S,-resistant band is ~830 
nucleotides long (lanes c’, d’), suggesting that the 5’ end of the 
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mRNA encoding p21 has been deleted from this probe and is 
located in the recombinant molecules within the KpnI-—Pstl 
insert ~440 nucleotides downstream (3') from the KpnI site. 

The 5' end of the mRNA transcribed from the Ha-Mu,,. insert 
was localized more precisely using a terminally labelled HindIII 
fragment which overlaps the 5’ end of the gene in S, mapping 
experiments (Fig. 3). This probe should hybridize to all mRNA 
classes including RNA potentially initiated in SV40 sequences. 
Figure 3, lane b shows a single 160-nucleotide band, indicating 
that the 5’ end of the Ha-Mu,,. mRNA is located 160 nucleo- 
tides upstream from the HindIII site. The presence of a 5’ end 
within the Ha-Mu,,. insert suggests that a hitherto unknown 
Ha-MuSV promoter element precedes the gene encoding p21. 
It had been presumed that transcription of the Ha-Mu,,. 
sequences proceeds exclusively from the upstream long terminal 
repeat (LTR)’''"*, generating the full-genome length Ha- 
MuSV RNA. 

To demonstrate that this new promoter element is active not 
only in cells infected by the SVL,—-Ha-Mu,,. recombinant, but 
also in cells transformed with Ha-MuSV, we analysed mRNA 
from Ha-MuSV-transformed C127 cells'* using the same 
HindIII probe. Figure 3, lanes c, d, shows one band which 
migrates at 160 nucleotides, the same position as the RNA from 
SVL,-Ha-Mu,,.-infected monkey kidney cells. This indicates 
that the same promoter element is also active in Ha-MuSV- 
transformed cells. A more prominent band of ~620 nucleotides 
indicates that there is a second class of RNA, the 5’ end of which 
extends into Ha-MuSV sequences beyond those present in the 
probe (presumably in the LTR). As a class of RNA molecules 
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Fig.2 Analysis of recombinant RNA molecules. Secondary AGMK cells 
were infected with SVL,-Ha-Mu,~ recombinants containing tsA28 as 
helper virus. Poly(A)” cytoplasmic RNA was prepared 72h after infec- 
tion™™®, Three different probes (A, B, C), uniformly labelled with **P, 
were prepared (see the bottom of the figure). A, the Hpal fragment from 
the recombinant molecule; B, the Kpnl-—Be/l fragment; C, the Smal-Bell 
fragment (specific activities 10° c.p.m. yg '). Probe A was annealed without 
RNA (a) or with RNA equivalent to 210° cells (b) and 10” cells (c) 
followed by treatment with S, nuclease. Probe B was annealed without 
RNA (d), or with RNA from 10’ cells infected with WT SV40 (e), from 
2x 10° cells infected with SVL,-Ha-Mu,,. (f. h), from 10’ cells infected 
with SVL,-Ha-Mu, (g, i). The heteroduplexes were treated with S, 
nuclease (d-g) or exo VII (A, i). In the right panel, the experiment outlined 
in lanes f and g was repeated (tracks 5’ and a’, representing RNA from 
210° or 10’ cells respectively). The DNA-DNA hybrids in this experi- 
ment are more prominent. Lanes c', d' represent the S, analysis of hybrids 
formed between probe C and 2 x 10° (c’) or 107 (d') dlls respectively. 
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Fig. 3 Localization of the 5' end of the Ha-Mu,,. RNA. DNA from the 
recombinant SVL,—Ha-Mu,,. was cleaved with HindIII and a fragment of 
~920 nucleotides was 5'-end-labelled using [ y- "P]ATP and polynucleotide 
kinase*'. This probe was hybridized™™® to no RNA (a), RNA from 2x 10° 
AGMK cells infected with the recombinant SVL,-Ha-Mu,,. (5), or to RNA 
from C127 mouse cells transformed with Ha-MuSV, 10’ cells (c) 5x 10’ 
cells (d) or RNA from 5x10’ normal C127 mouse cells (e). Hybrid 
molecules were digested with S, nuclease”’'” and electrophoresed on a 1.4% 
polyacrylamide-urea gel*’ in denaturing conditions. M, marker fragments 
from Haelll-cleaved ®X174 DNA. 


from Ha-MuSV-transformed cells and SVL,—Ha-Mu,,.- 
infected cells exhibit the same size and §' terminus, the 3’ termini 
of these RNAs probably lie within Ha-MuSV sequences. We are 
now trying to determine the precise polyadenylation site for the 
SVL;-Ha-Mu,,.. transcripts. 

Viral p21 migrates in SDS-polyacrylamide gels as a doublet, 
the upper band of which is phosphorylated’®. To establish the 
activity of the RNA expressed in the cells infected by the 
recombinant virus stock, AGMK cells were labelled with **S- 
methionine 72h post-infection with SVL,;—Ha-Mu,,.. Cell 
lysates were immunoprecipitated with antisera obtained from 
tumorous rats containing antibodies to p21. Figure 4 shows that 
prominent doublet bands of molecular weight (MW) 21,000 
were precipitated by two different antisera (lanes 3, 4 and 5, 6), 
but were absent from controls precipitated from the same lysate 
by a normal serum (lane 2) or from a lysate of mock-infected 
cells precipitated with the antiserum (lane 1). The 21,000-MW 
doublet band resembles the doublet bands seen in a Ha-MuSV- 
transformed dog cell line (lane 7). Note that in addition to p21, a 
minor 30,000-MW band, designated p30 in Fig. 4, also seems to 
be specifically immunoprecipitated from the AGMK cells 
infected with SVL,—Ha-Mu,,. recombinant, but was not detec- 
ted in Ha-MuSV -transformed cells (see, for example, Fig. 4 lane 
7). The SVL,-Ha-Mu,,.-infected AGMK cells were also 
examined after labelling with **P-orthophosphate in vivo (Fig. 
4, lanes 9, 10). A phosphorylated p21 was immunoprecipitated 
by the antiserum (lane 9) but not by the normal serum (lane 10). 
The p30 was much more heavily phosphorylated than was the 
p21 (based on the **P/**S ratio). A **P-labelled band of MW 
80,000 also reacted with the anti-p21 antiserum (Fig. 4, lane 9) 
but not with normal serum (Fig. 4, lane 10). This has been shown 
not to be SV40 T-antigen (data not presented) and its identity 
remains obscure. 
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Fig.4 Immunoprecipitation of Ha-MuSV p21 from cells infected with the 
§V40-Ha-Mu,,. recombinant molecules. AGMK cells in 150-cm* T flasks, 
72 h after infection with SV40-Ha-Mu,,. and tsA mutant, were labelled for 
24 h with 8 ml of methionine-free Dulbecco-Vogt-modified Eagle's minimal 
essential medium supplemented with **S-methionine (200 pCi mI’, 1,000 
Ci mmo!~', Amersham) and 2% dialysed fetal calf serum. For **P labelling, 
cells were incubated in similar conditions with phosphate-free medium 
supplemented with 400,Ciml”' of carrier-free **P-orthophosphate 
(Amersham). Cultures were grown at 41 °C during infection. Cell lysis and 
immunoprecipitation were performed by procedures previously 
described'®? in buffer containing 1% Triton X-100, 0.5% deoxycholate, 
1.0% SDS, 0.1 M NaH,PO, pH 7.5, 0.1 M NaCl, 1 mM EDTA per 200 units 
per ml of Trasylol. 300-1 aliquots containing 5 x 10° c.p.m. trichloroacetic 
acid-precipitable protein labelled with **S-methionine or equivalent 
amounts of *’P-labelled lysates were reacted with 5 or 10 yl of either 
antisera containing antibodies to Ha-MuSV or contro! normal rat sera. The 
antigen-antibody complexes were precipitated by Staphylococcus aureus 
containing protein A. The precipitated proteins were analysed by dis- 
continuous polyacrylamide gel electrophoresis in 0.1% SDS and were 
visualized by fluorography. Lanes 1-8 are **S-methionine-labelled extracts: 
lane 1, mock-infected AGMK cells with 10 wl of antiserum 1; lanes 2-6, 
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AGMK cells infected with SV40-—Ha-MuSV recombinant and precipitated with 10 ul of normal serum (lane 2), with antiserum 1 (lane 3, 10 jl; lane 4, 5 ul), or with 
antiserum 2 (lane 5, 10 wl; lane 6, 5 wl). Lanes 7 and 8, Ha~-MuSV-transformed MKCK dog cell extracts were treated similarly with 10 ul of antiserum 1 (lane 7) or 
10 ul of normal serum (lane 8). The fluorographic film exposure in lanes 7 and 8 exceeded that in lanes 1-6, and therefore the intensity of p21 bands does not reflect 
the relative amounts of the p21 protein in these cells. Lanes 9 and 10 represent **P-labelled AGMK cells infected with the SV40—Ha-Mu,,. recombinant reacted with 


10 wl of antiserum 1 (lane 9) or 10 pl of normal serum (lane 10). 


A major class of RNA containing discrete 5’ termini mapping 
within the Ha-MuSV portion of the recombinant molecules 
suggests that a promoter for the Ha-Mu,,. RNA is located 
upstream from its transcriptional initiation site. This transcript 
may be independent of the distant LTR but depend on the 
presence of certain SV40 activating sequences in the SV40 
recombinant molecules'’'*. An unrecognized promoter ele- 
ment (such as a Goldberg—Hogness box) might directly precede 
the sequences of the gene encoding p21. Preliminary sequence 
analysis (R. Dhar, personal communication) has revealed evi- 
dence for such a sequence preceding the newly described Ha- 
MuSV 5’ ends by the expected distance. Recent studies have 
shown that the presence of the LTR greatly increases the 
efficiency of cell transformation’’'*"*. If the src gene contains its 
own promoter sequence, one might speculate that the LTR 
could enhance transformation by increasing the frequency or 
specificity of integration, and/or by increasing the amount of 
p21-specific mRNA through positioning 5' RNA ends directly 
before the p21-encoding gene. 

The results of the S, and exo VII nuclease analyses suggest 
that the mature Ha-Mu,.. RNA molecules are unspliced. 
Although certain mRNAs seem to require splicing for their 
stability'”*', other genes such as histones, interferon and some 
viral genes (refs 22-26 and C. Weisman and A. Ullrich) seem to 
give rise to colinear unspliced transcripts. In relation to this 
concept, certain viable late SV40 deletion mutants seem to 
generate variable but significant quantities of unspliced late 19S 
mRNA’*, and deletion of the single intron from the rat pre- 
proinsulin 1 gene in SV40-rat preproinsulin recombinants does 
not abolish the production of stable rat insulin transcripts”. 
Thus, there seem to be at least two basic mechanisms for mRNA 
biogenesis. Further studies with the SVL,;-Ha-Mu,,. recom- 
binant molecules may help to clarify the complex relationship 
between splicing and mRNA stability. 

We thank A. G. Papageorge and M. O. Weeks for help and 
advice in protein analysis, R. Dhar and B. Levinson for helpful 
discussions, and D. Little for preparation of the manuscript. 
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Several recent studies’ have reported particles in freeze-frac- 
ture replicas of mixed phospholipid dispersions. The precise 
molecular arrangement of the particles is, however, still 
unknown*’. We have previously shown that similar particles 
occur in dispersions of mixed sn-3- galactosyldiacylglycerols*. 
We demonstrate here that the particles seen in galactolipid 
mixtures correspond to inverted lipid micelles sandwiched 
within a membrane bilayer. 

Lipid mixtures favouring the formation of particles usually 
contain one lipid, that when dispersed alone in water forms a 
lamellar phase, together with another lipid that forms an 
hexagonal phase. We used mono- and digalactosyldiacylgly- 
cerols mainly because X-ray diffraction studies show that the 
former forms hexagonal II-type structures in water, whereas the 
latter forms lamellar structures™™®, but also because they 
account for ~75% of the total membrane lipids of the chloro- 
plast’'. 
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Fig. 1 Electronmicrographs (x 125,000) of freeze-fracture 
replicas prepared from sonicated dispersions of mono- and 
digalactosyldiacylglycerols mixed in a molar ratio of 2:1. a, Area 
containing large numbers of freeze-fracture particles organized 
into arrays. b, Example of one of the tubular structures (arrowed) 
often seen in these preparations that seems to have broken down to 
form a string of particles. The lipids were purified from bean 
leaves’, mixed in solvent and dried under vacuum. The dry lipid 
mixture was then dispersed in oxygen-free distilled water by 
sonication. Samples were quenched from 20°C in a slurry of 
nitrogen and fractured at —115°C in a Polaron freeze-fracture 
device. 


Typical freeze-fracture replicas obtained from sonicated dis- 
persions of 2:1 mixtures of mono- and digalactosyldiacy]- 
glycerols (the ratio found in chloroplast membranes) are shown 
in Fig. 1. The lipids tend to form aggregates of liposomes, the 
membranes of which often contain large numbers of particles 
(10-11 nm diameter) organized into planar arrays (Fig. la). 
Suspension in salt solutions (100 mM univalent or 10 mM 
divalent cation) reduces the particle diameter to 8-9 nm. The 
arrays are usually hexagonal close packed, but square or oblique 
packing is also observed. Tube-like structures, often associated 
with strings of particles, are also common (Fig. 1b). 

We find, in agreement with Miyazaki er al., that ordered 
structures are also found in negatively stained preparations of 
mixed galactolipids. A typical electronmicrograph is shown in 
Fig. 2. The main feature (area A) is highly ordered, with a main 
periodicity of ~10nm. The build-up of stain and the moiré 
effects observed in some areas suggest that the structure is 
several layers thick. Area B shows a region where this structure 
appears to break down, yielding a set of hexagonally packed 
tubular structures with a diameter very similar to the main 
repeat distance of the central array. Area C seems to correspond 
to a more conventional liposomal-type structure. The repeat 
distance of 7.0-7.5nm is, however, much greater than the 
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normal thickness of a lipid bilayer and each repeating unit seems 
to have a partially stained central region. 

Figure 3a shows an optical diffraction pattern, taken from 
area A in Fig. 2, indexing on a near-rectangular lattice with 
spacings along the two axes of ~7.1 and 10.4nm. Close 
examination of the original object (Fig. 3b) indicates that it 
arises from two superimposed near-rectangular arrays of stain 
deposits displaced with respect to each other by half the main 
inter-particle repeat distance. We interpret these arrays as 
arising from a cross-sectional view of stacked sheets of lipid 
bilayers, each containing a close-packed array of inverted 
micelles (see Fig. 4). One array, probably the more heavily 
stained, is thought to correspond to end-on views of continuous 
aqueous channels between the stacked bilayers, and the other to 
end-on views of inverted micelles packed in rows within the 
bilayers. The possibility that the inverted micelles also fuse to 
form tubes cannot be excluded. On this basis, the repeat distance 
within the plane of bilayers (7.1 nm) corresponds to the thick- 
ness of two lipid monolayers ( ~ 4.0 nm) plus the diameter of the 
aqueous compartment of an inverted micelle (~ 3.5 nm), and 
the repeat distance perpendicular to the bilayers (10.4 nm) to 
the thickness of two bilayers plus the diameter of an aqueous 
compartment. 

The diameter (~ 10.5 nm) of the tubular structures seen in 
area B and the width ( ~ 7.5 nm) of the structures seen in area C 
are consistent with the idea that they correspond to cross- 
sectional views of tubular liposomes and less ordered stacks of 
inverted micelle-containing lipid bilayers of the type seen in area 
A, as shown in Fig. 4. Lucy and Glauert™ have reported the 
occurrence of similar tubular structures in dispersions of lecithin 
and cholesterol which were thought to consist of micelles. The 





Fig. 2 An electronmicrograph (87,500) of a negatively stained 
preparation of a similar dispersion to that used in the freeze- 
fracture studies. Samples were stained with uranyl acetate (1%) on 
an electron microscope grid. Samples subsequently washed with 
distilled water showed no staining, which indicates that no positive 
Staining occurred. Area A consists of a large, highly ordered 
structure. Areas B and C (275,000), shown at the bottom of the 
figure, correspond to an end-on view of tubular liposomes (left) 
and a cross-sectional view of a liposomal-type structure (right) 
respectively. 
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Fig. 3 a, Optical diffraction pattern of area A of the electron- 

micrograph shown in Fig. 2, recorded using the optical 

diffractometer described elsewhere’”. The pattern shows a near- 

rectangular symmetry with repeat distances of 7.1 and 10.4 nm in 

the two principal orthogonal planes. 6, Enlarged ( x 275,000) view 
of the area from which the diffraction pattern was taken. 


fact that monogalactosyldiacylglycerol, the main component of 
our dispersions, tends to take up an hexagonal-II structure 
suggests that such an arrangement is extremely unlikely in this 
case. 

The very highly ordered appearance of the lipids in the 
negatively stained samples raises the possibility that the stain 
itself might be affecting the organization of the lipids but freeze- 
fracture replicas of stained and unstained samples showed no 
appreciable differences. We found, however, that addition of 
ethylene glycol greatly increased the order seen in such replicas 
(see Fig. 5). Area A shows a region where the lipid is organized 
into a quasi-crystalline structure; area B shows a liposome-type 
structure in which similar (~ 14 nm diameter) particles appear to 
be embedded in the membrane. The increased particle size 
presumably reflects differences in the balance between the 
hydrophobic and electrostatic interactions of the lipids. The 
presence of similar particles in what seems to be quasi-crystal- 
line aggregates of inverted micelles and in distinct lamellar 
phases strongly supports the idea that the particles seen in 
freeze-fracture replicas of untreated samples and in the nega- 
tively stained preparations are indeed inverted micelles. 

The role of ethylene glycol seems to be to induce the forma- 
tion of new particles rather than to improve the preservation of 
preformed particles. Cullis et a/.'* have proposed that inverted 
micelles may play an important part in such cellular functions as 





TARAR aah Raa ahh RNA 
Pack Poa Praar 
CA 
Pops RI GIN 
STASI HTN 


Fig. 4 The proposed organization of lipids giving rise to the 

structures seen in areas A, B and C of the electronmicrograph 

shown in Fig. 2. An expanded view of the molecular arrangement 

of the inverted micelle—lipid bilayer sandwich, which is thought to 

serve as the basis of these structures, is also shown. (See text for 
details.) 








Fig.5 Electronmicrograph (60,000) of a freeze-fracture replica 
obtained from a 2:1 molar ratio mixture of mono- and digalac- 
tosyldiacylglycerols suspended in a 58% solution of ethylene gly- 
col. Sample preparation was as described in Fig. 1 legend. Area A 
shows a region where the lipids seem to be organized into a 
quasi-crystalline structure made up of inverted micelles. Area B 
shows a region where similar particles are embedded in the 
membrane of a liposomal structure. 


membrane fusion, exo- and endocytosis, and the transbilayer 
movement of lipids. Our observation that ethylene glycol, which 
promotes fusion both of liposomes and cell membranes'’, leads 
to a substantial increase in the number of freeze-fracture parti- 
cles in dispersions of mixed galactolipids is consistent with this 
view. 
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Corrigendum 


In the article ‘Gravitational focusing and the association of distant 
quasars with foreground galaxies’ by C. R. Canizares, Nature 291, 
620-624, there was a numerical error in the analysis of the Seldner and 
Peebles data, which caused a significant underestimate of the number of 
‘true’ quasar~galaxy associations needed to explain their results. A 
corrected analysis gives ~100+40 true associations and an estimated 
mean enhancement factor for quasar surface density sp ~ 0.9 + 0.4 (with 
no allowance made for the inevitable systematic errors). This enhance- 
ment factor is several times larger than the estimate of {~0.14 for 
gravitational focusing by galaxy halo stars using nominal parameters. 
However, č values =0.5 are within the plausible range of parameters for 
massive halos, so although the correspondence between the Seldner and 
Peebles data and the prediction of the gravitational focusing calculation 
is weakened, the basic thesis of the paper remains unchanged. Further, 
more refined tests are required. Also, the integrand in the expression for 
N. should be w,,(6) d2Q(4) (this is not the source of the numerical error). 
The author thanks Rachel Webster for bringing to his attention the 
possibility of an error. 
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~ Did Taupo’s eruption 
enhance European sunsets? 


A NEW precise date of 186 AD has been 
postulated’ for a series of large rhyolitic 


plinian and pyroclastic flow eruptions at | 


Taupo, New. Zealand. Evidence came 
from Chinese. and Roman records of a 
brilliant ed Moon and of clouds 
Although the Taupo 
of the largest within the 
period AD 100-200, there is evidence that 
this. eruption did not disperse enough fine 
tephra into the atmosphere, let alone into 
the Northern Hemisphere, to produce the 
phenomena described. 

Evidence suggesting that the Taupo 
eruption _ andthe recorded Sun 
phenomena are unrelated is as follows: 
(1) The Chinese excerpt’ describes the 
Sun and Moon themselves as being “red as 
blood” when they rose and set and do not 
describe glow phenomena or ‘sunset 
colours’. Direct red colouration of the 
Sun followed the eruptions of Krakatau 
1883 and Bali 1963 and was generally 
restricted to near the volcanic source and 
to areas at about the same latitude’. Red 
colouration of the Sun is due to very small 
particles (<0.5 um) or smoke haze scat- 
tering short-wavelength light. Thus the 
Chinese record is more consistent with 
atmospheric dust or smoke haze in the 
lower troposphere than higher-altitude 
volcanic dust. Similarly, one Roman 
account of a widespread red colour is also 
more consistent with atmospheric dust or 
smoke. 

(2) Although the Taupo eruptions were 
large, they were not as exceptional as 
implied by Walker’. I have recalculated 
the volume of the “Taupo pumice fall 
deposit” to be 14 km’, in contrast to the 
24km? calculated by Walker’, who 
claimed that ~70% of the volume 
(16 km?) was sub-2 mm particles that had 
all fallen beyond land: this is excessive, as 
















>it is based on an incorrect assumption of 


crystal liberation and fine ash generation 
in the  plinian. eruption column’, 
Furthermore, if 16km° of fine ash had 


been generated, 






‘then a more extensive 





Be distribution of this tephra should have 


been found in offshore cores**. I deduce a 
more realistic figure of 20% of fine ash. 
(3) The height reached by the eruption 
column is controlled by convective 


strength and heat output, not total erup- 


tion volume’. The total column density 
can never be greater than surrounding 
atmosphere density, as with zero shear 
strength the column would then collapse. 
Thus 16 km° of fine ash could not rise 
beyond 50-55 km (ref. 7) and no large 
quantities could reach the mesosphere. At 
these heights, particles would fall to lower 


0028-0836/8 1/410491—02$01.00 


ARISING 


elevations within a few weeks’, before the 
widespread dispersal claimed by Wilson et 
al.' could occur. Thus Lamb’s deduction? 
of material reaching the Northern 
Hemisphere only if erupted north of 20°S 
latitude is considered valid. For 
comparison, an eruption on Bali (8.5 °S) in 
March . 1963 produced an observed 
column up to 50 km high which had fallen 
to 31-35 km by November 1963, when 
‘sunset phenomena’ were observed from 
Australia to England’. Particles with 
diameters of ~1 um were being concen- 
trated in the equatorial region at 20- 
22 km up to April 1964". Thus the Taupo 
material would also be expected to fall 
rapidly from ~55 km height to the lower 
stratosphere and, being erupted from 
39 °S, would spread over the Southern 
Hemisphere. As large quantities of fine 
ash could not have reached the Northern 
Hemisphere, the chances of this material 
causing red Sun phenomena witnessed by 
Europeans are slight. 

(4) Confirmation of the Taupo date could 
be sought in polar ice cores’. Acidity 
profiles in the Greenland ice sheet’ are 
incomplete for between AD 0 and 500. In 
the Greenland ice cores, an earlier and 
larger eruption from Taupo (Waimihia 
Tephra, 1640+130 BC} °° has not been 
noted, so the Taupo event may not be 
represented either. Consequently, migra- 
tion of volcanic acids and hence micro- 
particles into the Northern Hemisphere 
following the Taupo eruption is doubtful. 
(5) Finally, and most importantly, Wilson 
et ai quoted a date for only one of the 
Roman accounts (AD 186) and a range of 
AD 168-189 for the Chinese record. They 


did not attempt to substantiate that the 


three accounts were describing the same 
event. Thus the ancient writers were 
probably describing different events, 
possibly the results of dust-storms or fires. 


P. C. FROGGATT 


Geology Department, 
Victoria University, 
Wellington, New Zealand 
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WILSON ET AL. REPLY—We | ani 
Froggatt’ $ five objections to our in 
pretation’ as follows: EET y 
(1) We accept that the red Sun, Mo na = 
sky colouration would have been caused. 
by the finest particles (mostly <0.5 pm) 
and that particles from sources.o 
Taupo could have been responsibl 
believe that a close temporal corre 
exists between optical effects recorde 
Chinese and Roman historians, and 
volcanic eruption which seems to be one 
of the outstanding explosive eruptions of- 
the past 2 millenia. The optical 
phenomena are consistent with the arrival 
in the Northern Hemisphere of significant 
quantities of the finest particles fromthe 
Taupo eruption. ou 
(2) We stand by our figure for the volume. ee 
of the Taupo ultraplinian pumice-fall o o- 
deposit, and cannot comment on. Frog» 
gatt’s estimate as we do not know its basis, 
However, the absolute volume of ash 
released to the atmosphere is much. less” 
important in determining the dispersal. 
than the height to which the materialis 
injected. Regarding the apparent absence 

of significant amounts of Taupo eruptive 
material in offshore sediment cores, twoof 

the three studies quoted were in areas wëll 
north? and well south* of the seaward 
extension of the mapped dispersal axis. 

The third offshore study” was centred ~ 
21,600 km downwind from source where 

the expected thickness of Taupo eruptive 
material would be <1 mm: because of 
bioturbation, such an ash layer is unlikely 

to survive as a discrete bed"’. 

(3) We have never claimed that the erup- 

tion column height was controlled by the 
eruption volume, or that 16km° of fine 

ash rose higher than 50-55 km. However, 
two methods indicate that the height ofo 
the ultraplinian eruption column was. 
50km or more (ref. 8 and L. Wilson, - 
personal communication). Material of a 
grain size appropriate to cause the = 
atmospheric effects recorded in the. - 
Northern Hemisphere, if injected to 

55 km height, might be expected to take 
up to several years to U even to 30k 








violent even than the Taupo ru Hon; ts 
maximum eruption column column height 
was only ~13 km and the first 3 months’ 
activity produced only 028kw of | 
material’. 
(4) We agree that the bulk of the ash — 
resulting from the Taupo ultraplinian 
phase, as well as from earlier and later 
explosive phases of the same eruption, 
would probably have been confined to the 
southern hemisphere. This, however, does 
not preclude the dispersal of significant 
amounts of the finest particles to the 
Northern Hemisphere. Regarding the 
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apparent ‘absence. of | i 
for the Waimihia eruption | {date 
~3,800 yr BP (ref. 11)), we note that the 
Greenland ice-core study”, from the 
period 3,050-4,650 yr BP, considered 
- only acidity levels greater than 2.6 pequiv 
. H* per kg of ice. As the far larger North- 
ern Hemisphere eruptions of Santorini 
and Mt Mazama only produced acidity 
signals of 5.3 and 6.0 equiv H” per kg of 
ice, respectively, then the absence of a 
marked peak attributable to the Waimihia 
eruption is not significant. The dispersal of 
its deposits, moreover, implies that the 
Waimihia eruption was appreciably less 
powerful than the Taupo eruption. 

(5) Froggatt summarily dismisses the 
historical evidence and concludes that the 
_ observed phenomena were possibly the 
results of fires or dust storms. However, 
internal evidence suggests that none of 
these alternatives seems likely, although 
the probability of one of the early writers 
describing the effects of a supernova’? 
` cannot be ruled out. 

In conclusion, none of —Froggatt’s 
objections invalidate the grounds on 
which we proposed a correlation between 
the Taupo eruption and the optical effects 
observed in ~AD 186 in both China and 
Rome. 
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PARTRIDGE! 
results of a series of experiments purpor- 
ting to demonstrate that. “...one 
component of offspring fitness can be 
increased by mate choice in Drosophila 
melanogaster”. Her experiments involved 
the mating of females to single males and 
to a choice of males. The data show a 
significant difference in the competitive 
ability of offspring from choice mating 
when compared with those from no- 
choice matings (P< 0.02), 

Her paper, entitled “Mate choice 
increases a component of offspring fitness 
in fruit flies”, implies a conclusive result 
but she admits that the results can be 
interpreted in two ways. First, individual 
females ‘‘...could then mate with a fly 
that was successful in some sort of 
competition with members of its own 
sex”. We believe that Partridge must 
recognize that the occurrence of male- 
male competition could mask any possible 
choice by females. Her second alternative 
is that “flies may be able to detect heritable 
fitness in members of the other sex”. 
The choosing by females of ‘fit’ males is 
commonly referred to as mate choice or 
female choice?” a 

The problem lies in Partridge’s central 
question: “Does mate choice increase a 
component of fitness (competitive ability 
of larvae) in Drosophila melanogaster?”’. 
This question is, by definition, composed 
of two parts: (1) does mate choice occur? 
and (2) how does this affect offspring 
fitness? Part (1) must be demonstrated 
before any conclusions can be drawn 
relating offspring fitness to mate choice. 

Partridge has demonstrated that either 
adult males that are more successful in 
male-male competition have larval 
offspring which are better competitors 
(heritability of a fitness component), or 
that mate choice by females of maximally 
fit males occurs. As her experiments were 
not designed in such a way as to dis- 
tinguish between the two alternatives of 
male—male competition and mate choice, 
we believe that she has not justified her 
claim that mate choice is occurring in 
D. melanogaster. 


P. D. KINGETT 
D. M. LAMBERT 


Department of Zoology, 


University of Auckland, 
Private Bag, Auckland, New Zealand 
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ES—The central « cri- - 
Kingett ‘etal. is that they say I 


< HCA y AI 
stated! that female choice of males as 


mates must be responsible for my results. 
In reply, I quote the last paragraph of my 
paper: “The result could be produced. by 
various genetic mechanisms. First, fitness 
may indeed be heritable, possibly as a 
consequence of mutational load. If this 
were the case, the results could be 
produced in two ways. (1) Fitter flies may 
be better at detecting or obtaining access 
to mates. Members of the other sex could 
then mate with a fly that was successful in 
some sort of competition with members of 
its own sex. (2) Flies may be able to detect 
heritable fitness in members of the other 
sex. Fitter flies could then be actively 
chosen as mates. Both possibilities would 
suggest that all flies should prefer the same 
sorts of mates. Alternatively, flies with 
high levels of heterozygosity may have 
high fitness. In this case, flies might 
produce fitter offspring by mating with 
individuals genetically unlike themselves, 
so that their offspring will have higher 
levels of heterozygosity. This last possi- 
bility would imply that genetically dis- 
similar flies would show different patterns 
of mate choice”, 

Possibility (1) encompasses the alter- 
native suggestion of Kingett et al. that 
inter-male competition could be respon- 
sible for my results. In their final 
paragraph, Kingett et al. state that my 
results must be produced by heritable 
fitness variation in males. This is not 
necessarily true, as my final suggestion in 
the above quotation makes clear. 

I used the term ‘mate choice’ in the title 
and introduction of my paper to avoid the 
cumbersome alternative ‘The opportunity 
to mate non-randomly increases a 
component of offspring fitness in fruit 
flies’ which is what my results demon- 
strate. 


L. PARTRIDGE 
Department of Zoology, 
University of Edinburgh, 
West Mains Rd, Edinburgh EH9 3JT, UK 
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Matters Arising 


Matters Arising is meant as a vehicle 
for comment and discussion about 
papers that appear in Nature. The 
originator of a Matters Arising 
contribution should initially send his | | 
manuscript to the author of the ori- | 
ginal paper and both parties should, | _ 
wherever possible, agree. on whatisto — 

be submitted. Neither contribution 
nor reply (if one is necessary) should 
be longer than 300 words and the | 
briefest of replies, to the effect that al | 
point is taken, should be considered. 
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Nature announces the first 
wall chart showing how the U.S. 
runs its science 





If you're involved in making decisions about science, 
or if you're looking for your share of science funding, you 
need Nature’s new 1981 guide to how the nation spends its 
science dollars and who controls that money. 

Compiled by Nature from literally hundreds of 
sources, the wall chart offers data on actual dollars spent on 
science by government agencies, industry, foundations, 
universities, research and medical centers. The chart lists 
key U.S. government policy makers, with their addresses 
and phone numbers. 

Most significantly, the chart shows the interlocking 
relationships within the science, engineering, and medical 
establishments. 

Designed as a fold-out that you can carry to meetings, 
or for hanging as a 2 x 3 ft. wall poster for permanent 
reference, the chart enables you to answer questions that 








...shows who makes U.S. science decisions, 
who gets the money, and how it’s spent 


might otherwise take weeks of research to dig out. Com- 
pact, color-keyed, and handy, it will be an enormous aid to 
you and your colleagues. We strongly urge you to order 
sufficient copies to cover the needs of your entire staff or 
department. 


“How the U.S. Runs Its Science” 


than 100 years, the world’s most respected source of science 
data. 






For credit-card orders only, call toll-free now, 
24 hrs/day, any day: (800) 824-7888. Ask for 
Operator 130. In California: (800) &52-7777 
Ask for Operator 130. 





Please send me chart(s) of 


“How the U.S. Runs Its Science” 
at U.S. $7.95 each, or U.K. £3.50. 
I'm enclosing acheckfor$_ orf 





Return this coupon with your check to: 
Nature, Suite 1503, 15 East 26 Street, 
New York, N.Y. 10010,U.S.A. 


In the U.K. and elsewhere: Nature, 4 Little Essex Street 
London, WC2R 3LF, England 
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Prokaryotes 


A Handbook on Habitats, Isolation, 
and Identification of Bacteria 
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The Prokaryotes is destined to become the indispensable refer- 
ence for microbiologists. Prepared under the supervision of a dis- 
tinguished international editorial board, this comprehensive two 
volume Handbook contains 169 contributions by acknowledged 
experts providing up-to-date, detailed information on the habitats, 
isolation, and identification of all the prokaryote groups. 


This richly illustrated Handbook starts with six authoritative gen- 
eral essays covering diversity and habitats of prokaryotes, patho- 
genicity in man, animals, and plants, and principles of isolation, 
cultivation, conservation, characterization, and identification. 
Each of the following major sections on the prokaryote groups is 
also introduced by a general essay. Detailed procedures, many 
never before published, are presented in one convenient source. 


The Prokaryotes contains a complete set of indices providing 
immediate access to the media, procedures, names of taxa, gen- 
eral topics covered, authors of cited literature, and contributions 
to the Handbook. 


Every researcher working with these organisms will find The 
Prokaryotes an invaluable and essential source of information. 


Publication date: November 1981 





Circle No.13 on Reader Enquiry Card. 


Nature Vol. 293 8 October 198] 






BOOK REVIEWS 





Science in farming: fifty years of the ARC 


J.C. Bowman 


Firry years in being is good reason for any 
organization to have.a celebration. For the 
UK Agricultural Research Council it is also 
cause for well-deserved congratulations, 
especially from the farming industry 
worldwide and from scientists in other 
organizations. As part of the ARC’s 
activities to mark its Golden Jubilee it has 
published Agricultural Research 
1931-1981, and for this too it deserves 
congratulation. 

There are two main themes to the book. 
The first five chapters, written by the 
immediate past Secretary to the ARC, Sir 
William Henderson, deal with the 
foundation of agricultural research since 
1700, with the establishment of the ARC in 
1931 and with its development since then. 
The important determinants of the success 
of an organization — the terms of 
reference, the people, the structure and the 
relationship with other organizations — 
clearly emerge from Sir William's account. 

The ARC did not have an easy birth nor 
has its life always been smooth; for 
instance, the relationship of the ARC with 
the Agricultural Departments appears to 
have been uneasy. In 1931 the ARC was 
charged only with providing criticism and 
advice on agricultural research. In 1935 the 
Council, in spite of opposition from the 
Agricultural Departments, gained the right 
to carry on agricultural research itself and 
from then has expanded its research 
capability both in its own institutes and in 
university-based units and departments. 
The money for the ARC programme at that 
time was provided from the Vote for 
Scientific Investigation. In 1971 came the 


Rothschild proposals and the implemen- - 


tation in the following year of the 
customer—contractor principle between 
government departments and research 
councils. Money was transferred from the 
Science Vote to the Agricultural 
Departments for them to commission 
research appropriate to farming’s need 
from the ARC and other bodies. 

Now, about 60 per cent of the money 
spent by the ARC on agricultural research 
is provided by the Agricultural 
Departments. The ARC seems to have had 
a hard task in establishing the need and 
advantage of having an agricultural 
research programme independent of the 
control of the Agricultural Departments 
and in close touch with the farming 
industry. Throughout the 50 years the 
Agricultural Departments seem to have 
wished to take over the ARC and to act as 
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History of the Agricultural Research 
Council and a Review of Developments in 
Agricultural Science During the Last Fifty 
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Research Council, 160 Great Portland 
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spokesmen for the farming industry. Sir 
William says it is too early to judge the 
effect of the Rothschild proposals but con- 
cludes that ` 

The research policy for agriculture must be to 
enlarge scientific knowledge so as to provide the 
optiens for meeting the changing social, 
economic and political situations as they arise in 
the future. The achievement of this objective 
demands the fostering of good science within 
centres of excellence. 


Many will agree with these views and will go 
on to ask whether the substantial role of the 
Agricultural Departments in determining 
the level of expenditure and the 
programme of research is appropriate. Sir 
William’s history of the ARC provides a 
sound basis from which to consider such 
questions. 

The second main theme in the book, 
complementary to the history of the 
Council, is a review of the research carried 
out and the contribution it has already 
made to changes in farming throughout the 
world. This part is written by 20 con- 
tributors, including Dr R. Riley the present 
Secretary to the Council and many of the 


ARC Institute Directors. The style is sur- 
prisingly consistent and the accounts 
interesting — a credit to the editor Dr G. 
W. Cooke. Not only do they highlight the 
way scientific investigation, initially with 
little apparent application, has 
subsequently changed the practice and the 
economics of farming but they also 
emphasize the international nature of 
science. The emergence of major farming 
innovations from the careful collation of 
small areas of knowledge, produced by 
research workers in several paris of the 
world, is a repeated story in crop breeding, 
animal nutrition, agricultural engineering 
and other fields recounted in this book. 
The appeal of this book will be to readers 
of several kinds. To those interested in the 
development of public scientific 
organizations and the interplay with other 
public institutions of learning and 
administration this is a useful case study. 
(Although it is a pity, for historians, that 
Sir William Henderson did not list the main 
sources of his information.) To those 
interested in the ARC's scientific com- 
tribution to farming it is an excellent record 
of achievement with plenty of scope for 
economists to engage in post-mortem cost- 
benefit analyses. To those interested in a 
story of how scientists work and make 
progress possible, it is an inspiration. 
J.C. Bowman is Secretary io the Naturali 
Environment Research Council, and was 
formerly Director of the Centre for Agriculttral 
Strategy at the University of Reading. 


Revisionist zeal for Restoration science 


J.Z. Fullmer 





Science and Society in Restoration England. 
By Michael Hunter. Pp.233. ISBN hbk 
0-521-22866-2; ISBN pbk 0-521-29685—-4. 
(Cambridge University Press: 1981.) Hbk 
£18.50, $37.50; pbk £5.95, $12.95, 
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HISTORIOGRAPHIC study reveals that for 
no other period in English history has 
scholarly debate been as vigorous as it has 
been for Restoration England. The period 
was crowded with incident, chronicled by 
participants and observers equipped with 
lively pens and livelier minds. Social, 
economic, political, theological, scientific 
stresses, beliefs and events divide 
historians’ attention, just as they divided 


Restoration society. Michael Hunter’s. 
book reflects that turbulence and diversity 
of the Restoration scientific community 
and surveys the ensuing historical 
discussions, In one sense, each of his seven 
chapters (Restoration Science: its 
Character and Origins; The Significance of 
the Royal Society; The Scientific Com- 
munity; Utility and its Problems; Politics 
and Reform; Science, Learning and the 
Universities; Atheism and Orthodoxy) 
focuses in turn on an aspect of the 
historians’ controversies. Hunter's 
announced aim was 

to use a close reading of manuscript and printed 





sources to show how Restoration science related 
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to contemporary society in terms of support and 
apathy, facilities and impediments, motivation 
and reservations [p.6]. 


He achieved his goal, not by study of the 
internal development of the separate 
sciences, but by emphasizing the social 
integration of the scientific elements of the 
Restoration. Of course, and quite 
properly, it is the newly founded Royal 
Society which dominates his work, just as 
the early Fellows appear to have dominated 
the Restoration scientific community. 
The book concludes with an appendix, 
where Hunter shows that the famous 
frontispiece for Thomas Sprat’s History of 
the Royal Society was actually prepared for 
another, and related, work by John Beale. 
Unfortunately for future readers, the 
hardback version of Hunter’s work places 
the reproduction on the dust jacket. Since 
dust jackets rarely survive on books in a 
library, the impact of Hunter’s appendix 
will be lessened unless subsequent readers 
take the trouble to seek out Sprat’s work. 
Hunter’s ‘‘Bibliographical Essay’’ will 
guide the reader to it. This essay is dis- 
tinguished by its clear topical organization, 
mirroring that of the chapters, and by its 
extensive coverage of the literature. Any 
scholar drawn to Restoration history or 
Restoration science will find the essay an 
exceedingly useful guide. Readers of 
Hunter’s text will do well to consult it 
before they begin the text, for only here is 
there a clue to the idiosyncratic numbering 
system used within the footnotes. Even 
with the help of both the essay headnote, 
and of the index which follows H, readers 
will not easily break into Hunter’s code. 
While this final section contains 
statement enough to permit a reader to 
decide whether or not to pursue a 
particular reference, Hunter's text usually 
provides detailed criticisms of individual 
works. Often he announces the central 
problem his chapter will treat, and then 
proceeds to review what others have said 


about it. In the course of this sort of 


discussion Hunter offers the evidence for 
accepting or rejecting earlier inter- 
pretations, but it should be pomted out 
that his emphasis is clearly on rejection, or, 
at best, conditional acceptance of previous 
works. Thus, in the chapter Politics and 
Reform, Hunter’s announced aim is to 
discover if ‘‘the new science in seventeenth- 
century England [can] be associated with 
any particular religious or political 
ideology” (p.113). The “Merton thesis’’, 
for example, he finds wanting because 
Merton’s definition of Puritan” is so 
vague that Merton's conclusions become 
indisputable. Invoking Latitudinarianism 
as the binding force for the Restoration 
scientific community is likewise dismissed. 
Hunter argues that it is neither Puritanism 
nor Latitudinarianism which characterizes 
Restoration scientists, but the 
homogeneity of Puritan political and 
religious beliefs. He thinks that the 
difficulty of detecting affinities between 
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religious outlooks and ‘‘scientific’’ 
outlooks is paralleled in the search for 
affinities between “‘scientific’’ outlook and 
political outlook. Political affinities he 
finds best analysed by examining not the 
“actual [political] practices of scientists’, 
but their 


ambitions, their hope that the principles and 
methods of the new philosophy, if applied to the 
economy and society, would bring about 
improvements of wide importance [p.117]. 


Hunter discovers clues to these aspirations 
in some of the millenarianist dreams, in 
schemes for technological improvements, 
in projects for a ‘‘new’’, ‘‘universal’’ 
language based on rational principles, in 
reforms of basic units of measurement and 
in educational reforms. But especially 
important, Hunter thinks, 1s Sir William 
Petty’s introduction of ‘“‘political arith- 
metic’’. He concludes, finally, that Res- 
{oration science indeed had a political 
flavour, which permeated all scientific 
endeavours. 


Hunter’s critical and corrective zeal 
moves him in every paragraph. So exuber- 
antly does he argue that often his sentences 
get out of hand. Vague pronoun 
references, and occasional wordings which 
make no sense, mar his splendid and 
spirited performance. (The first sentence 
on p.62 is an obvious example, but see also 
that on p.82 describing the work of 
Towneley’s circle. The sentences on p.109 
typify his personal pronoun usage: in 
describing the work of the two Casaubons 
he leaves the reader confused about who 
wrote what.) Such deficient editorial 
control is regrettable, and readers should 
be warned they will often find the text 
unnecessarily hard to read. Yet, despite the 
difficulties, Hunter’s work is a good if 
controversial introduction to Restoration 
science for graduate students in the history 
of science and in the history of the 
Restoration. . 





Mrs Fullmer is Professor of History at the Ohio 
State University, Columbus, Ohio. 


A new bible for carotenoid biochemists 


Brian H. Davies 


Edn. Vol.1, Plants. By T.W. Goodwin. 
Pp. 377. ISBN 0-412-21690-6. (Chapman 
& Hali: 1980.) £27.50. 


THis is the first single-author book devoted 
exclusively to the biochemistry of the caro- 
tenoid pigments to have appeared in some 
30 years, that is since T.W. Goodwin’s 
The Comparative Biochemistry of the 
Carotenoids was published by Chapman & 
Hall in 1952. The present work, inspite of a 
different title, is described as the second 
edition of that earlier book and is but the 
first volume of a pair, being subtitled 
Plants; the second will deal with animal 
carotenoids, That the title has changed is 
appropriate to a new and different 
approach, for the book is not merely an 
updated version of the original. Nor could 
it be, for the intervening three decades have 
seen too many changes for that. 

The development of collections of pure 
cultures of microorganisms and the 
successes of geneticists in producing 
mutants of plants of all kinds have both 
contributed to the wealth of living material 
now available for study by the carotenoid 
biochemist. The same period has also wit- 
nessed developments in chromatography 
(TLC and HPLC) as a means of purifying 
individual carotenoids from complex bio- 
logical extracts. Many carotenoid 
identifications of the 1950s were based on 
empirical spectroscopic and chromato- 
graphic comparisons with known pigments 
which, as recently as 15-20 years earlier, 
had confessed their structures to the classi- 
cal degradative approaches of Karrer and 
his pupils. But now, in the 1980s, the final 


elucidation of the structures (and stereo- 
chemistry) of much smaller samples of new 
(and old) carotenoids is best left to those 
experienced in specialized techniques of 
physico-organic analysis (MS, NMR, CD 
and so on) which are, themselves, develop- 
ments of the past three decades. 

A consequence of all these advances is 
that while Goodwin originally gave a fully 
comprehensive account of some 90 then- 
recognized carotenoids, he has now been 
faced with the task of describing the 
structures, distribution, function and bio- 
synthesis of over 500 such pigments. H is 
little wonder that his title and approach 
have had to change (he admits to having 
become more selective, though | am aware 
of nothing of any importance that he has 
omitted), or that the book now has to 
appear as two separate volumes. 

The importance of using the newer 
physico-organic analytical methods is 
emphasized in Chapter 1 (‘Nature and 
Properties”). Their potential for providing 
unambiguous structures is succinctly 
explained in a way easily comprehensible 
even to those with little formal chemical 
training. His more detailed treatment is 
reserved for those techniques (absorption 
spectroscopy, chromatography, chemical 
tests) which are more readily available in 
biological laboratories and which yield 
crucial (but not always unambiguous) 
information on carotenoid structure. 
Tentative structures thus obtained, really 
have to be confirmed by physico-organic 
methods available in specialized 
laboratories. 

Those who may mourn the loss of the 
word ‘‘comparative’’ from the title need 


a A EAEAN iiaiai AAAA N nA EAEAN aaa AA HYPHAE ERR ST rrr TPA SEALANT a 


Nature Vol. 293 8 October 1981 


not distress themselves, for the approach 
of the new book is still essentially one of 
comparison. After two excellently-written 
general chapters on biosynthesis and on 
function, the author moves on to consider, 
separately, all aspects of the carotenoids of 
the photosynthetic tissues of seed-bearing 
plants, and of those of their reproductive 
tissues and roots. Then he deals, again in 
separate chapters, with the carotenoids 
formed by mosses, liverworts and spore- 
bearing vascular plants, by algae, by fungi, 
by the non-photosynthetic and by the 
photosynthetic bacteria. For each group of 
organisms, a consideration of distribution 
is followed by a description of those 
features of carotenoid function and 
biosynthesis which are peculiar to that 
group, thus supplementing the earlier 
description of common features. The 
control of carotenogenesis by genetic, 
environmental and chemical means is 
discussed whenever appropriate. 

Many carotenoid biochemists (and 
others) have tried to use correlations of 
(a) carotenoid structure and distribution 
with (b) plant classification as a retro- 
spective comment on how plant evolution 
may have taken place. Goodwin's final 
chapter, ‘‘Biogeochemistry’’, describes the 
few results but considerable potential of 
carotenoid analysis as a means of demon- 
strating how plant evolution actually 
occurred. 

This really is an excellent book; it is not 
only scholarly and written with great 
clarity, but also well planned. The basic 
structures of some 194 carotenoids are in- 
cluded, among other line illustrations, in 
Addition to a number of apposite electron 
micrographs. But perhaps one of the most 
important features of the book is the 
number and quality of the comparative 
tables — 86 of them. Of these, the most 
impressive covers seven pages and shows 
the distribution of 67 fruit carotenoids 
throughout the 160 higher plant species 
examined to date. Fully referenced as it is, 
it could stand on its own as a review article. 
Also packed into the book’s 377 pages are 
a general index and a particularly useful 
species index. 

Although several excellent books on 
carotenoids and other plant pigments have 
appeared over the past decade, Goodwin’s 
new volume is clearly set to be the most 
authoritative, comprehensive and 
comprehensible work available on their 
biochemistry. There are few really readable 
reference works on any discipline, so those 
of us with an interest in carotenoids are 
particularly fortunate. | am sure this book 
will stimulate even more interest in 
carotenoid biochemistry, for there is much 
in it to appeal to the intellect and 
imagination of undergraduates, research 
workers and practitioners in all areas of 
biological science. 


B.H. Davies is Senior Lecturer in Biochemistry 
at The University College of Wales, 
Aberystwyth, 


How do electrons get from here to there? 


Thomas J. Meyer 


Electron Transfer Reactions. By R.D. 


Cannon. Pp.351. ISBN 0-408-10646-8. 
(Butterworth: 1981.) £32, $84.95. 


COMPARED to most chemical reactions, 
electron transfer is a simple process. An 
electron hops from one chemical site to 
another, in many cases without significant 
change in structure. Even so, electron 
transfer is at the heart of many critical 
issues in chemistry, physics and biology, 
and its study is currently enjoying a 
remarkable vitality. As evidence note the 
book Tunnelling in Biological Systems 
edited by B. Chance etal. (Academic Press, 
1979) which provides an account of a 
meeting on the same theme held four years 
ago in Philadelphia. 

The origins of this new interest in 
electron transfer are twofold. The first is 
the existence of a useful interplay between 
theory and experiment which is leading toa 
‘solution’ of sorts — a solution in the 
sense that the microscopic factors con- 
trolling rates of electron transfer reactions 
can be understood by chemists, bio- 
chemists and physicists based on well- 
established ideas in chemistry and physics. 
The second is the spill-over effect that these 
advances will and are having on related 
problems in chemistry, physics, biology 
and photochemistry. 

Having said all of this, it must be added 
that the subject can be a source of extreme 
frustration. For a chemist, much of the 
theory — which has its origins in work on 
defects in solids, radiationless processes or 
nonequilibrium thermodynamics — is 
barely comprehensible. Also, there are far 
too many experimental results and yet too 
few critical experiments, the result being 
that attempts to generalize often lead to 
confusion. 

Into this setting comes Electron Transfer 
Reactions by R.D. Cannon. The first thing 
to be said about the book is that it is a real 
work of scholarship. A diverse and 
voluminous literature is brought together 
in a single volume. The second is that it is a 
book by a chemist written for other 
chemists. There are introductory chapters 
on electron transfer in the gas phase and in 
the solid state, but the emphasis is on 
electron transfer in solution, mostly in 
aqueous solution and predominantly 
involving transition metal ions. 

Cannon’s synthesis of the available 
experimental data is a creative act, and 
much thought has been given to both their 
organization and interpretation. The result 
is generally good — for example the 
introduction of specimen calculations, the 
systematization of such diverse topics as 


Richard Mabey’s The Common Ground 
(for review see Nature 286, 87) has recently 


appeared in paperback. The book is pub- 
lished by Arrow and costs £1.95. 





free energy profiles, multiple electron steps 
and successor complexes — but occasion- 
ally bad — the use of symbols instead of 
real examples to illustrate reaction types 
is sometimes hard to follow, and the 
development of the theoretical back- 
ground is somewhat inconsistent and 
confusing. The book includes chapters on 
reaction pathways and mechanisms, 
theory, electron transfer through ligand 
bridges and optical electron transfer, in 
addition to the chapters on electron 
transfer in the gas phase and the solid state. 

One limitation is that no attempt is made 
to develop the emerging generalities 
alluded to above. For example, there is 
little mention of either photochemistry or 
of electron transfer in biological systems. It 
is also true that the author is occasionally 
guilty of focusing on the bizarre or the 
unusual at the expense of the more general. 
However, | find that Cannon’s book serves 


admirably in its role as a sophisticated — 


guide to electron transfer in solution. Itisa 
valuable and badly needed addition to the 
literature, since its predecessor, 
Mechanisms of Electron Transfer by 
Reynolds and Lumry (The Ronald Press, 
1966), is now well out of date. 


Thomas J. Meyer is Professor of Chemistry at 
the University of Nort Carolina, Chapel Hill, 
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tin Scotland. Founded by Professor 
ie Bell FRS, in 1967, it survived the loss 
ofessor Willie Parker, to continue as a 
cnown, well-equipped, highly cost 

ctive unit in one of Britain’s modern 








aced with a considerable reduction in 
urces, we have compared our performance 
86 a broad spectrum of activities with 

t chemistry departments in Scotland. 

Ve have the smallest number of academic 


g have produced, over the last eight 
years, the largest number of publications 
r member of staff. 

We are ranked second in terms of the value 
of SRC grants currently in operation per 
“member of staff. At the last round of SRC 
grant considerations, all five of the 
départment’s applications were funded by 
e Chemistry Committee. 

e have a student/staff ratio of 8.6/1 
Vhich is the average for Scotland. 

$) Our entrance standards are about average 
“for Scottish universities, and chemistry 
applications have increased by 37 per cent 
“tn 1981 over 1980 (which in turn were 
higher than previously). 

ë, therefore, find ourselves questioning the 
tions of the University Grants Committee 
which appear to be inconsistent with criteria 
ey themselves have outlined, and which, if 
utinto effect at Stirling, will put our future 
it risk, 

ROM. Ci ay, J.M.G. Cowie, B.G. Cox, 
CRW. Hay, H. Masai, P. MURRAY-RUST, 
AEA. Porter, F.G. Rippers, 

AAS. ROBERTS, W.V. Steere, LC. War ker 
Chemistry Department, 

University of Stirling, UK 


cademics’ year 

— <4, W. Brindley’s suggestion (Nature 27 

ist, pi 791) of a 9-month academic year 

ntract as the solution to the financial crisis 

UK universities is ludicrous. In the United 

tes, in actual practice, academics. are paid 

much for a nominal 9-month academic year 

or a 12-month year, the only difference 

ng that they are now free to pay themselves 

ional salary from their research grant. 

xonth academic year is thus nothing 

a.convenient fiction that enables 

cipal investigators to divert research funds 
heir own pockets, effectively diminishing 

tal support for research, while enhancing 

cir own netandare of living. 










s ROBERT J. Yaes 
moral Sloan- Kettering Cancer Center, 
w York, USA 


ffluent safety limits 
R — Day and Cross? have recently reported 
ry interesting data.on the in situ production 

241 Am from its parent “4'Pu in the Irish Sea 
hich receives radioactive effluents from the 
indscale nuclear fuel reprocessing facility. 
‘hen authorizing the quantities of ' 
dioactivity which may be discharged by 
ndscale, the United Kingdom regulating 
neies [Department of the Environment, 

of Agriculture, Fisheries and Food 
MAFF) have published only limited 








information’? on the environmental neont 


of the radiotoxic alpha-emitter %4 Am from 
the unrestricted discharges of 74! Pu. The 
publication of much more comprehensive data 
and calculations by Day and Cross show that 
the annual in situ formation of *4!Am has 
been 480 per cent, 240 per cent and 265 per 
cent of those quantities of 74! Am discharged 
directly from Windscale in 1977, 1978 and 
1979 respectively. Their calculations show 
further that if the recent rates of 7! Pu 
discharge are maintained, the in situ 2 Am 
production will continue to rise from ^v 600 Ci 
per year at present to achieve a steady state 
situation of ^ 1,300 Ci per year ingrowth 
after the turn of the century. 

Although the DOE/MAFF-authorized 
maximum direct discharge limit of alpha 
activity to the Irish Sea is 6,000 Ci per year (by 
the Windscale pipeline) it is not clear from 
what has been published whether the 
DOE/MAFF limit includes the fact that there 
is an increasing ingrowth of *4!Am which 
under steady state conditions will generate a 
further ^~ 1,300 Ci of alpha activity per year. 
In other words, does the radiological 
assessment lead to the definition of the safe 
total annual input as being 6,000 Ci or 7,300 
Ci alpha activity? H the total acceptable 
annua! input is thought to be 6,000 Ci, then 
the pipeline alpha discharge limit should be 
continuously revised downward to 4,700 Ci 
per year if similar *4!Pu discharges are to be 
maintained, 

The authorized annual alpha discharge limit 
set for the Windscale pipeline was raised to 
6,000 Ci in 1970. Since then some significant 
data have been reported on the behaviour of 
plutonium and americium isotopes in this 
coastal environment. (1) These substances are 
now known to be accumulated very effectively 
in local sediments around Windscale**, and 
their dispersion and dilution by seawater are 
much less than was previously expected. (2) H 
has been shown that the transport of these 
radionuclides within these sediments is slow’*. 
(3) The ingrowth of **!Am in the sediments is 
an increasingly substantial proportion of the 
alpha activity!. 

The result of these effects is that the 
Windscale alpha activity is not widely diluted 
but is concentrated in a small portion of the 
environment. Day and Cross’s data and these 
other observations should thus be taken into 
account in the regulation of the discharges of 
alpha activity and %4! Pu from Windscale in the 
future. H is interesting and probably optimistic 
to note that British Nuclear Fuels Limited 
reduced the unrestricted discharge of 74! Pu 
from Windscale by 49 per cent in 1980’. 


S.R. Aston 
Department of Environmental Sciences, 
University of Lancaster, UK 


1, Day, LP. & Cross, LE. Nature 292, 43-45 (1981). 
Hetherington, LA. Jefferies, DoF. Mitchell, NMT. 
Penircath, Ri. & Woodhead, DS. Ini Symp. on 
Transuranic Nuclides in the Marine Environment 
IAEA, Vienna, 1976). 
fentreath, KA fan Symp. on the inpacis of Radia 
nuclide Releases into the Marine Environment (IAEA, 
Vienna, 1980), 
fivingston, PLD. & Bowen, V.T. Nature 269, 586 (1981). 
Aston, SE. & Stanners, DA. Neture 189, S81 O98 1), 
Aston, SE & Stanners, DLA. Envir. Pelut Ser. B 
(in the press}. 
7. British Nuclear Fuels Limited Annual Report on Radii- 
active Discharges aad Monitoring of the E nvironment 
[GSO TBNFI | Risley, HOSE}. 
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Notes from a Recorder 
Sir — All seventeen Recorders must have been 
flattered by the comment (Nature 3 September, 
p.1,) that they provide ‘“‘virtually the only 
intellectual continuity?’ in the British 
Association for the Advancement of Science. 
Indeed, it makes a welcome change from being 
mistaken for either a member öf the judiciary 
or a musical instrument. 

However, some of the problems you outline 
which face the British Association are being 
tackled. 

To even the most casual observer, the 
bimodality of the age structure of BA must be 
apparent. Young people —~ British Association 
Young Scientists (BAYS) — attend and so too 
do scientists of more mature years. But 
scientists of middie years go to specialist 
conferences Gif they can obtain funding at all). 
Although this latter group may be persuaded 
to break into family holidays to give a non- 
expenses paid paper, they are often unable to 
stay the whole week. And the meeting is the 
poorer. Closer links with relevant professional 
and learned societies and planning of joint 
lecture sessions might bring back these 
scientists to the BA. They may, of course, not 
wish to come. It is often more comfortable to 
be surrounded by a coterie using familiar, 
insulating jargon. 

If this approach is only partially successful, 
the BA may yet attract this middle age range 
group by another means. Provision of nursery 
school facilities and programmes for the whole 
family on lines well established at many 
university summer schools should prove more 
attractive to scientists with young families. A 
start on this scheme will be made by the 
Programme Planning Committee for 
implementation at Liverpool in 1982; by 1983 
at Sussex a whole range of activities for family 
groups should be available. 

All the topics listed in the Nature leading 
article as worthy of BA consideration have 
been aired in the last four years, one, genetic 
engineering, in my own Section D (zoology) 
last year at Salford. I would suggest also that 
the BA is the right forum for popularizing 
science. It is certainly not easy, especially 
with the advent of superb scientific 
documentaries on television; both natural 
history museums and the BA have learnt this 
to their cost. 

However, to see the light of recognition 
dawning on the faces of young audiences when 
excellent speakers are putting across difficult 
concepts leads one to suppose that the BA can, 
and does, popularize rather well. Excellent 
proof of this was available at the Section D 
session at York this year on predator/prey 
relationships. 

Perhaps where we do need to adjust our 
sights is in reviving the feeling of excitement 
generated by the announcement of discoveries 
and breakthroughs at the annual meeting. 
These are notoriously difficult to produce to 
order, but not impossible to stage-manage 
provided one chooses an innovative and 
productive section president, 


Tony FiscHaM 


(Chairman of — 
Recorders Committee) 


British Museum (Natural History), 
London SW?7, UK 
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YONEZAWA, F. Fundamental Physics of Amorphous Semiconductors. 
Springer Series in Solid-State Sciences, Vol. 25. Proceedings of the Kyoto Summer 
institute, Kyoto, Japan, September 1980. Pp.181. ISBN 3-540-10634-0. (Springer- 
Verlag: 1981.) DM 58, $30.50. 


Chemistry 


BOSCHKE, F. L. (ed.) Topics in Current Chemistry. Vol. 95, Analytical 
Problems. Pp.184. ISBN 3-540-10402-X. (Springer-Verlag: 1981.) DM 96, $45.70. 

BRITZ, D. Lecture Notes in Chemistry. Vol.23, Digital Simulation in 
Electrochemistry. Pp.120. Flexi ISBN 3-540-10564-6. (Springer-Verlag: 1981.) DM 
28, $14.70. 

CLARKE, M. J. etal, (eds). Metal Complexes. Structure and Bonding, Vol.44. 
Pp.202. ISBN 3-$40-10494-1. (Springer-Verlag: 1981.) DM 96, $50.40. 

HENDERSON, D. (ed.). Theoretical Chemistry. The Theory of Scattering: 
Papers in Honour of Henry Eyring, Vol. 6, Part A. Pp.299. ISBN 0-12-681906. 
(Academic: 1981.) $45. 

PRIMAS, H. Chemistry, Quantum Mechanics and Reductionism. Perspectives in 
Theoretical Chemistry. Lecture Notes in Chemistry, Vol. 24. Pp.451. Flexi ISBN 
3-540-10696-0. (Springer-Verlag: 1981.) DM 68, $32.40. 


Biological Sciences 


ALLEN, O.N. and ALLEN, E.K. The Leguminosae: A Source Book of Charac- 
teristics, Uses and Nodulation. Pp.812. ISBN 0-299-08400-0, (University of 
Wisconsin Press: 1981.) $60. . 

ANDERSON, J.M. Ecology for Environmental Sciences: Biosphere, Ecosystems 
and Man. Pp.175. Pbk ISBN 0-7131-2814-3. (Edward Arnold, London: 1981.) Pbk 
£5.95. 

ASHTON, E.H. and HOLMES, R.L. (eds). Perspectives in Primate Biology. 
Symposia of the Zoological Society of London, No.46. Proceedings of a Symposium 
held at the Zoological Society of London, May-June 1979, Pp.400. ISBN’ 
0-12-613346-8. (Academic: 1981.) £28.40, $68.50. 

AUDEBERT, A. ef al. Microsurgery in Infertility. Pp.162. ISBN 89-212-086057. 
(Global Book Resources, London: 1981.) £32.50. 


BACHELARD, H.S. Brain Biochemistry. 2nd Edn. Pp.80. Pbk ISBN 0-412- 
_. 23470-X. (Chapman & Hall: 1981.) Pbk £2.45. 
















BLOEMENDAL, H. (ed.). Molecular and Cellular Biology of the Eye Len a 
Pp.469, ISBN 0-471-05171-3. (Wiley: 1981.) £48, $91. 

BUTLER, J.E. (ed.}. The Ruminant Immune System. Advances in Exerimetital 
Medicine and Biology, Vol.137. Proceedings of an International Symposium on the 
Ruminant Immune System, held July 1980 in Plymouth, New Hampshire. Pp. 89r 
ISBN 0-306-40641-1. (Plenum: 1981.) $85, a 

CAMERON, LL. and POOL, T.B. (eds). The Transformed Cell. Pp.434.. ISHS 
0-12-157160-2. (Academic: 1981.) $49.50. 

CAMPBELL, P.N. (ed.). Biology in Profile. A Guide to the Many Branches.of 
Biology. Pp.128. Hbk ISBN 0-08-026846-3; flexi ISBN 0-08-026845-5. Ba: 
1981.) Hbk £8, $19; flexi £3.95, $9.50. 

CARLSON, B.M. Patten’s Foundations of Embryology. 4th Edn. Pp. BTS 

7-009875-1. (McGraw-Hill: 1981.3 £15.50, 

CHIRIKJIAN, J.G. (ed.) Gene Amplification anc Analysis. Vold. 
Endonucleases. Pp.246. ISBN 0-444-00610-9. (Elsevier/ North-Holland: a 
$45.90, Dfl.95; $46.25 (outside USA}. ES 

CRANWELL, L.M. The Botany of Auckland. A Book for All Senndi ee 
revised Edn. Pp.156. Pbk ISBN 0-908626-00-3. (Aucxiand Institute and Mem 
Museum, Auckland, New Zealand: 1981.) Pbk NZ$6.25. it 

CSABA, G. Ontogeny and Phylogeny of Hormore Receptors. Monographs j Bp 
Developmental Biology, Vol.15. Pp.172. ISBN 38055-2174-X, (Karger, Rasel: a 
1981.) SwFr.144, DM 172, $86.25. TASEN 

DRESSLER, R.L. The Orchids. Natural History and Classification. Pp 332 
ISBN 0-674-87525-7. (Harvard University Press: 1981.) £16.50. Bae 

FOTHERBY, K. and PAL, $.B. Hormones in Nermal and Abnormal Pannado coa 
Tissues, Vol.1. Pp.657. [ISBN 3-11-0080031-1. (Waker De Gruyter, Berlin- New 
York: 1981.) DM 135. 

GINSBURG, V. and ROBBINS, P. (eds). Biology of Carbohydrates, Voll. 
Pp.320. ISBN 0-471-03905-5. (Wiley: 1981.) £34.74, 866. 

GOULSTON, S.J.M. and McGOVERN, VJ. Fundamentals of Colitis. Pp. 133. 

Hbk ISBN 0-08-026862-5; flexi ISBN 0-08-026861-7. (Pergamon: 1981.) Hbk £8.50, 
$18; flexi £5, $10.50. ae 

GRIFFITH, J.D. (ed.}. Electron Microscopy in Biology, Voli. Pp.296. ISBN a 
0-471-05525-5. (Wiley: 1981.) £30.50, $48. ete 

GROSS, E. and MEIENHOFER, J. (eds). The Peptides. Analysis, Synthesis 000. 
Biology. Vol.3, Protection of Functional Groups in Peptide Synthesis. Pp Fike octi | 
ISBN 0-12-304203. (Academic: 1981.} $45. 

HODGSON, E., BEND, J.R. and PHILPOT, R.M. feds). Reviews in 
Biochemical Toxicology, Vol.3. Pp.368. ISBN 0-444-00436-X. (Elsevier/North- 
Holland: 1981.) $49.50, Df1.123; $60 (outside USA). 

HOLLMAN, K.H., DE BRUX, J. and VERLEY, L.M, (eds). New Frontiers-in: 
Mammary Pathology. Proceedings of the Ist Symposiim on Marnmary Pathology, 
organised by the International Society against Breast Cancer, held December 1979 in 
Paris, France. Pp.319. ISBN 0-306-40655-1. (Plenum: 1981.3 $39.30. 

HOWELL, J.B.L. and TATTERSFIELD, A.E. (eds) Methods in Clinieal.-- 
Pharmacology—Respiratory System. Pp.94, ISBN 0-333-31186-8. (Macmillan Press, 
London & New York: 1981.) £17.50. 

JONES, C.W, Biological Energy Conservation. Oxidative Phosphorylation, 7nd 
Edn. Pp.80. Pbk ISBN 0-412-23360-6. (Chapman & Hall: 1981.) Pbk £2.45. 

KLOZA, M. (ed.). Regulation of Insect Development and Behaviour, inter- 
national Conference Part I, Karpacz, Poland, June 1980. Pp.500. ISBN 0324-9834. 
(Wroclaw Technical University Press, Wroclaw, Poland: 1981.) Pbk np. 

KLOZA, M. {ed.). Regulation of Insect Development and Behaviour. 
international Conference Part Il, Karpacz, Poland. June 1980. Pp.641. ISSN: 
0324-9824, (Wroclaw Technical University Press, Wroclaw, Poland: 198).1 Pbk ip: o 

KREBS, LR. and DAVIES, N.B. An Introduction to Behavioural Ecology.» 
Pp.292. Hbk ISBN 0-632-00666-8; pbk ISBN 0-632-00668-4. (Blackwell Seientific: 
1981.) Hbk £18; pbk £7.50. 

LAMING, P.R. (ed.). Brain Mechanisms of Behaviour in Lower Vertebrates. > 
Society for Experimental Biology Seminar, Series 9. Pp.318. Hbk [SBA iis 
0-521-23702-5; pbk ISBN 0-521-28168-7. (Cambridge University Press: 1981.) Hbk 
£25; pbk £11.50. ae 

LEFKOVITS, I. and PERNIS, B. (eds), Immunological Methods, VoL I Pp. 3h 
ISBN 0-12-442702-2. (Academic: 1981.) $35. 

MARCUS, A. {ed.}. The Biochemistry of Plants: A C omprehensive Tien 
VoL6, Proteins and Nucleic Acids. Pp.658. ISBN 0-12-575406-3. (Academic: 19 
Np. Š 

MARGULIS, L. Symbiosis in Cell Evolution. Lifeand Its Environment onthe 
Early Earth. Pp.419. Hbk ISBN 0-7167-1245-5; pbk ISBN OTIST- 1286A. EW H o 
Freeman: 1981.) Hbk £16.40; pbk £9.20. ie 

McDONALD, P. The Biochemistry of Silage. Pp.226. ISBN 0471-27965. a a 
{Wiley: 1981.) £16, $42. K 

MOORE, T.C. Research Experiences in Plant Physidlogy: A Laboratory Manual 
2nd Edn. Pp.348. Flexi ISBN 3-540-90606-1. (Springer-Verlag: 1981.) Np. s 

MORTON, J.F. Atlas of Medicinal Plants of Middle America: Bahams to 
Yucatan. Pp.i420. ISBN 0-398-04036-2, {Charles ©. Thomas, Hinoj: REJ 
$147.50. 

NIEVEEN, J. (ed.). Arrhythmias of the Heart. The Jonxis Lectures, A Series of o - 
Post-Graduate Medical Courses, Vol.6. Pp.256. ISHN 90-219-6006-0. Œ xeerpta 
Medica: 1981.) $29.25, Df1.69. E 

OFFICE OF THE DIRECTOR, NIH. Recombinant DNA Research, Voli 
Documents Relating to “NIH Guidelines for Research Involving Recombinant I 
Molecules” January 1980—December 1980. Pp.564. (No ISBN. ) (Superintenden ot. 
Documents, U.S. Government Printing Office, Washington: 1981.) Pbk np. s 

OLMOS, E. and ROY, F.H. Intraocular Lenses, Pp.255. ISBN 0.734)58033-4.,. 
(Halt, Rinehart & Winston: 1981 .) Np. 
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Applied Biological Sciences 
- ABRAHAM, G.E. (ed.). Radioassay Systems in Clinical Endocrinology. Basic 
and Clinical Endocrinology, Vol.1. Pp.720. ISBN 0-8247-6953-8. (Marcel Dekker: 
_ 1981.) SwFr.182. 
z BURGES, H.D. (ed.), Microbial Control of Pests and Plant Diseases 1970-1980. 
Pp.960, ISBN 0-12-143360-9. (Academic: 1981.) £41.50, $99.50. 

CROOKE, S.T. and PRESTAYKO, A.W. (eds). Cancer and Chemotherapy. 
Vol, Antineoplastic Agents. Pp.398. ISBN 0-12-197803-6. (Academic: 1981.) 
$44. 

DESMEDT, J.E. (ed.). Motor Unit Types, Recruitment and Plasticity in Health 
and Disease. Progress in Clinical Neurophysiology, Vol.9. Pp.418. ISBN 
3-8055-1929-X. (Karger, Basel: 1981.) SwFr.148, DM 177, $88.75. 

FLORENCE, A.T. and ATTWOOD, D. Physicochemical Principles of 
Pharmacy. Pp.509. Hbk ISBN 0-333-23404-9; pbk ISBN 0-333-23405-7. (Macmillan 
Press, London & New York: 1981.) Hbk £30; pbk £14. 

. HOLCENBURG, J.S. and ROBERTS, J. (eds). Enzymes as Drugs. Pp.455. ISBN 
` 0-471-05061-X. (Wiley: 1981.) £41.50, $79.20. 

KLEIN, G. and WEINHOUSE, S. (eds). Advances in Cancer Research, Vol.34. 
'Pp.328. ISBN 0-12-006634-3. (Academic: 1981.) $38.50. 

- KNAPP, W. (ed.) Leukemia Markers. Proceedings of the Conference held in 
- Vienna, February 1981. Pp.600. ISBN 0-12-416750-0. (Academic: 1981.) £20, $48. 


General 


BENNETT, B.G. Exposure Commitment Assessments of Environmental 
cco Pollutants. Vol.1, No.1, A Technical Report (1981): Exposure Commitment 
~~ Concepts and Application; Summary Exposure Assessments for Lead, Cadmium 
and Arsenic. Pp.59. Pbk ISBN 0-905918-20-7. (Monitoring and Assessment 

~ Research Centre, Chelsea College, University of London: 1981.) Pbk £2. 
BERRYMAN, A.A. Population Systems. A General Introduction. Pp.222. ISBN 

0-306-40589-X. (Plenum: 1981.) $16.95. 

Sage BLACKSELL, M. and GILG, A.W. The Countryside: Planning and Change. 
= Pp.262. ISBN 0-04-71 1008-2. (Allen & Unwin, London: 1981.) Hbk £13; pbk £6.95. 

BOWLER, T.D. General Systems Thinking. Its Scope and Applicability. The 
North Holland Series in General Systems Research, Vol.4. Pp.234. ISBN 
0-444-00420-3. (Elsevier/North-Holland: 1981.) $29.95 USA and Canada, 
$41.90/85 Dfl. elsewhere. 

BRADSHAW, P., CEBECI, T. and WHITELAW, J.H. Engineering Calculation 
Methods for Turbulent Flow. Pp.332. ISBN 0-12-124550-0. (Academic: 1981.) 
£18.60, $45. 

BRITISH MUSEUM (NATURAL HISTORY). Nature Stored, Nature Studied. 
Collections, Conservation and Allied Research at the British Museum (Natural 
History). Pp.64. Flexi ISBN 0-565-00835-8. (British Museum (Natural History), 
London: 1981.) £2.75. 

_ BROSS, I.D.J. Scientific Strategies to Save Your Life. A Statistical Approach to 
Primary Prevention. Statistics: Textbooks and Monographs, Vol35. ISBN 
(}-8247-1273. (Marcel Dekker: 1981.) SwFr.55. 

BUNDY, W.P. (ed.). Foreign Affairs. America and the World 1980. Pp.742. Hbk 
ISBN 0-08-027515-X; flexi ISBN 0-08-027514-1. (Pergamon: 1981.) Hbk. £15, flexi 
£3. 

BUNGAY, H.R. Energy, The Biomass Options. Alternate Energy. Pp.347. ISBN 
0-471-04386-9. (Wiley: 1981.) £19.05, $46. 

CHECKLAND, P. Systems Thinking, Systems Practice. Pp.330. ISBN 
0-471-27911-0. (Wiley: 1981.) £11.95. 

CHISSICK, S.S. and DERRICOTT, R. (eds). Occupational Health and Safety 
Management. Pp.705. ISBN 0-471-27646-4. (Wiley: 1981.) £35, $95, 

CHOW, V.T. (ed). Advances in Hydroscience, Vol.12. Pp.440. ISBN 
0-12-021812-7. (Academic: 1981.) $51. 

2 CNEXO, 1981. Amoco Cadiz. Fates and Effects of the Oil Spill. Proceedings of 

Sithe International Symposium Centre Ccéanologique de Bretagne Brest (France), 
"November 1979. Pp.881. (Centre National pour L’Exploitation des Oceans, Paris: 

=i T981.) Np. 
ooo COHEN, M. In Quest of Telescopes. Pp.131. ISBN 0-933346-25-5. (Sky 
Publishing Corporation, Cambridge, Mass.: 1980.) $11.95. 
© COLE, P. (ed.). Radical Pragmatics. Pp.328. ISBN 0-12-179660-4. (Academic: 
1981.) $34.50. 

COMMISSION OF THE EUROPEAN COMMUNITIES. AGREP. Permanent 
inventory of Agricultural Research Projects in the European Communities. Voli 
Main List: Research Projects. Vol IR Indexes. Pp.841 and 231. Flexi ISBN 
_ 90-247-2465-1. (Martinus Nijhoff, The Hague, The Netherlands: 1981.) Dfl.150, 

. $79. (2 vol. set.) 
oo CONOLEY, J.C. Consultation in Schools. Theory, Research, Procedures. 
-. Pp.315. ISBN 0-12-186020-5. (Academic: 1981.) $26. 

DAHLBERG, F. {(ed.). Woman The Gatherer. Pp.250. ISBN 0-300-02572-6. 
(Yale University Press: 1981.) £9.45. 

DE FELICE, L.J. Introduction to Membrane Noise. Pp.500. ISBN 
0-306-40513-X, (Plenum: 1981.) $39.50. 

DYER, J. The Penguin Guide to Prehistoric England and Wales. Pp.384, ISBN 
0-7139-1169-6. (Allen Lane, London: 1981.) £9.50. 

EDEN, H.S. and EDEN, M. (eds). Microcomputers in Patient Care. Papers 
presented at a Conference, summer 1978 and fall 1979. Pp.191. ISBN 0-8155-0849-2. 
(Noyed Medical Publications, Park Ridge, New Jersey: 1981.) $28. 

EHRLICH, H.L. Geomicrobiology. Pp.408. ISBN 0-8247-1183-1. (Marcel 
Dekker: 1981.) SwFr.80. 

EVANS, D.D. and THAMES, J.L., (eds). Water in Desert Ecosystems. US/IBP 
Synthesis Series-11. Pp.280. ISBN 0-87933-365-0. (Academic: 1981.) $35. 

FAHIM, H.M. Dams, People and Development. The Aswan High Dam Case. 
Pp. 186. ISBN 0-08-026307-0. (Pergamon: 1981.) £9.75. 

FAIRES, R.A. and BOSWELL, G.G.J. Radioisotope Laboratory Techniques. 
4th Edn. Pp.335. ISBN 0-408-70940-5. (Butterworths: 1981.) £15. 
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FENTEM, P.H. Good Health — Is There a Choice? Sth Kellogg Nutrition 
Symposium. Pp.80. ISBN 0-333-31139-6. (Macmillan Press, London & New York: 
1981.) £8.95. 

KINNON, C.M., KHOLODILIN, A.K. and RICHARDSON, J.G. (eds). The 
Impact of Modern Scientific Ideas on Society. In Commemoration of Einstein. 
Papers presented at the Unesco Symposium, Munich-Ulm, September 1978. Pp. 189. 
ISBN 90-277-1238-7. (Reidel: 1981.) Df}. 50, $26.50. 

LAUGHLIN, W.S. Aleuts. Survivors of the Bering Land Bridge. Pp.i51. Pbk 
ISBN 0-03-081269-0. (Holt, Rinehart & Winston: 1980.) Pbk np. 

LEFER, A.M. (ed.} Advances in Shock Research, Vol. 5, Part 1. Proceedings of 
the 3rd Annual Conference on Shock, Lake of the Ozarks, Missouri, June 1980. 
Pp.194, ISBN 0-8451-0604-X. (Alan R. Liss, New York: 1981.) $26. 

LEONDES, C.T. Control and Dynamic Systems. Advances in Theory and 
Applications, Vol. 17. Pp.424. ISBN 0-12-012717-2. (Academic: 1981.) $32.50. 

LEVI-STRAUSS, C. The Naked Man. Introduction toa Science of Mythology, 4. 
Pp.746. Hbk ISBN 0-06-012584-5; pbk ISBN 0-06-090892-0. (Harper & Row: 1981.) 
$35. 

LISKA, K. Drugs and the Human Body with Implications for Society. Pp.318. 
Flexi ISBN 0-02-370960-X. (Collier Macmillan: 1981.) £6.25, 

MACKINNON, G.E. and WALLER, T.G, Reading Research. Advances in 
Theory and Practice, Vol.2. Pp.233. ISBN 0-12-572302-4. (Academic: 1981.) $22. 

MADER, C.L. ied.) LASL Phermex Data Vol. HI. Pp.$27. ISBN 0-520-0401 1-2. 
(University of California Press: 1981.) £23.75, $49.35. 

MANASSAH, J.T. and BRISKEY, E.J. (eds). Advances in Food-Producing 
Systems for Arid and Semi-arid Lands. Part A, International Symposium of the 
Kuwait Foundation. Proceedings of a Symposium held in Kuwait, February 1980. 
Pp.676. ISBN 0-12-467301-5. (Academic: 1981.) $55. Also available in pbk. 

MANASSAH, J.T. and BRISKEY, E.J. (eds). Advances in Food-Producing 
Systems for Arid and Semi-Arid Lands, Part B. Pp.1274. Hbk ISBN 0-12-467302-3; 
pbk ISBN 0-12-467322-8. (Academic: 1981.) Hbk $55; pbk np. 

MARCHAL, J.K. (présenté). Chronique d'un Cercle de PAOF. Oushigouya 
(Haute Volta) 1908-1941. Pp.215. Flexi ISBN 2-7099-0581-7, (O.R.S.T.0.M., 
Paris: 1980.). Np. 

MARTIN, F. and DEAN, W.T. Geological Survey of Canada Bulletin 343. 
Middle and Upper Cambrian and Lower Ordovician Acretarchs from Random 
Island, Eastern Newfoundland. Pp.43. Pbk ISBN 0-660-10818-6. (Geological 
Survey of Canada, Ottawa: 1981.) $4.60, 

MAYS, L.L. Genetics: A Molecular Approach. Pp.693. ISBN 0-12-378320-6. 
(Macmillan, New York/Collier Macmillan, London: 1981.) $23.95. 

MELLEN, S.L.W. The Evolution of Love. Pp.312. Hbk ISBN 0-7167-1271-7; 
pbk ISBN 0-7167-1272-5, (W.H. Freeman: 1981.) Hbk $15.95; pbk $8.95. 

MILLER, D.H. Energy at the Surface of the Earth. An Introduction to the 
Energies of Ecosystems. International Geophysics Series, Vol.27. Pp.516. ISBN 
0 12-497150-4, (Academic: 1981.) $49.50. 

MOROWITZ, H.J. The Wine of Life and other Essays on Societies, Energy and 
Living Things. Pp.265. Pbk ISBN 0-349-12386-1. (Sphere Books, London: 1981.) 
Pbk £1.95. 

MULLER-HILL, B. Die Philosophen und das Lebendige. Pp.226. Pbk ISBN 
3-593-32860-7, (Campus Verlag, Frankfurt/New York: 1981.) Np. 

O'BRIEN, R.J. American Sublime. Landscape and Scenery of the Lower Hudson 
Valley. Pp.353. ISBN 0-231-04778-9. (Columbia University Press: 1981.) $25.90. 

ODUM, H.T. and ODUM, E.C. Energy Basis for Man and Nature. 2nd Edn. 
Pp.337, Hbk ISBN 0-07-047511-3; pbk ISBN 0-07-047510-5. (McGraw-Hill: 1981.) 
Hbk £14.25; pbk np. 

PAUL, E.A. and LADD, J.N. (eds). Soil Biochemistry. Vol. 5, Books in Soils and 
the Environment. Pp.504. ISBN 0-8247-1131-9. (Marcel Dekker: 1981.) SwFr 175, 

PEACOCK, W.J. (ed.). Life: Hierarchies of Interacting Molecules. Silver Jubilee 
Symposium, Vol. IH, Pp.71. Flexi ISBN 0-85847-064-0. (Australian Academy of 
Science, Canberra: 1980.) Np. 

PEARCE, J.G. Telecommunications Switching. Pp.338. ISBN 0-306-40584-9. 
(Plenum: 1981.) $29.50. 

PEDLER, K. Mind Over Matter. A Scientist’s View of The Paranormal. Pp. 192. 
ISBN 0-423-00120-5. (Eyre Methuen, London: 1981.) £7.95. 

PERRY, A.H. Environmental Hazards in the British Isles. Pp.191. Hbk ISBN 
0-04-910069-6; pbk ISBN 0-04-910070-X. (Alien & Unwin, London: 1981.) Hbk. 
£12; pbk £5.95. 

PHILIP, J.R. and CONLON, T.J. (eds). Science and the Polity: Ideals, Hlusions, 
and Realities. Silver Jubilee Symposium, Vol. |. Pp.108. Flexi ISBN 0-85847-058-6. 
(Australian Academy of Science, Canberra: 1980.) Np. 

PILIAVIN, J.A. et al Emergency Intervention. Pp.293. ISBN 0-12-556450-3. 
(Academic: 1981.) $21.50, 

POT, J.S. Scientific Relevance and the Rehabilitation of the Goal Concept. 
Stabo’s Scientific Series, XH., Pp.350. Flexi ISBN 90-6108-0088. (Stabo, Groningen, 
Holland: 1981.) £9.40. 

PRITCHARD, A. and WITTIG, G.R. Bibliometrics. A Bibliography and Index. 
Vol. 1, 1874-1959. Pp.72. Flexi ISBN 0-9506784-0-6. (ALLM Books, Watford, 
Herts.: 1981.) £6, $15. 

RACHIE, K.O. and MAJMUDAR, J.V. Pearl Millet. Pp.307. ISBN 
0-271-00234-4. (Pennsylvania State University Press: 1980.) £17.75. 

RADNOR, A. Living in the Future. Pp.62. ISBN 0-356-070542-7. (Macdonald 
Educational, London: 1981.) £3.50. 

RAVAULT, F. Travaux et Documents de L’Orstom, No. 126. Papeari. 
L'Organisation de L'Espace Dans un District de la Côte Sud de Tahiti. Pp. 196. Pbk 
ISBN 2-7099-0584-1. (Orstom, Paris: 1980.) Pbk np. 

RAYNER, D.H. The Stratigraphy of the British Isles, 2nd Edn. Pp.460. Hbk 
{SBN 0-521-23452-2; pbk ISBN 0-521-29961-6. (Cambridge University Press: 1981.) 
Hbk £32.50; pbk £12.50. 

REICH, M. Racial Inequality. A Political~Economic Analysis. Pp.345. Hbk 
ISBN 0-691-04227-6; pbk ISBN 0-691-00365-3. (Princeton University Press: 1981.) 
Hbk £12.50; pbk £3.90. 
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Hawkesbury Agricultural 
College 
Richmond, N.S.W. 
Australia 


SCHOOL OF 
AGRICULTURE 

The School is involved in the conduct 
of degree and associate diploma level 
agricultural and horticultural courses. 
The learning programmes have the 
overall goal of helping learners to learn 
more effectively. The basic theme of 
the programme revolves around com- 
mercial production systems and the 
methods of learning rely heavily on 
problem solving and self-direction 
using an experiential base. 

Applications are now sought for the 
following position, tenable from early 
1982 as a fixed three year 
engagement. Preference will be given 
to those who can demonstrate 
creative approaches to tertiary educa- 
tion. A practical approach to problem 
solving within a systems context is 
considered to be an advantage. 

The position entails a facilitation 
role in one of the School's 
programmes in addition to specialised 
inputs in the resources area of the 
appointee’s academic expertise. 


LECTURER/ 
SENIOR LECTURER 
Agricultural Systems 


The appointee will be expected to play 
a major role in the further 
development of systems approaches 
appropriate to problem solving in the 
context of commercial agricul- 
tural/horticultural production. In 
addition to demonstrating a relevant 
systems perspective, he or she will be 
able to provide expertise in methods 
of definition and analysis of such 
systems. Applicants should possess 
appropriate tertiary qualifications in 
agricultural science or other social 
sciences, preferably at the higher 
degree level. 

Preference. will be given to appli- 
cants who have had experience in the 
applications of systems analytical 
methods to field “real world’ 
Situations. 

Enquiries should be directed to Dr R 
Bawden, telephone (045) 70.1333. 

Salary for the position has a range 
up to $4594.00 per week dependent 
upon qualifications and experience. 
{$89.10 wage base} 

Applications, which should include 
the names and addresses of least 
three professional referees, should be 
marked “Confidential Staff Appli- 
cation P81/32" and forwarded to the 
Personnel Officer, Hawkesbury Agri- 
cultural College, Richmond, N.S.W., 
2753, Australia, by Friday, 6th 
November, 1981. 

(9692) 4 


ROTHAMSTED 
EXPERIMENTAL STATION 
Harpenden, Herts ALS 2JQ 


A SCIENTIST 


is required by the Soil Survey of 
England and Wales Northern Re- 
gional Office, Harrogate, Yorkshire 
to map soils, prepare maps for 
publication, and write explanatory 
texts describing soils, their distribution 
and their relationships to agriculture. 


Qualifications: A pass degree in soil 
science or geology is the minimum 
requirement, with relevant experience. 


Appointment in grade of Scientific 
Officer (£5,176 -—- £6,964). Non- 
contributory superannuation. 


Apply in writing to the Secretary 
giving names and addresses of two 
referees and quoting Ref. 463 by 22nd 
Further details on 

(S681) A 


October 1981, 


request. 





therapeutic value. 


Applicants should hold a first degree in pharmacology, biochemistry or cell biology 
with preferably PhD and post-doctoral experience in the field of inflammation. 


Conditions of emp'oyment include a competitive salary, flexible working hours, an 
active Sports & Social Club, pension facilities and assistance with relocation where 
appropriate. We can offer pleasant rural surroundings with relatively low cost 


QUEEN MARY COLLEGE 
University of London 


INFRARED ASTRONOMY 
SATELLITE (IRAS) 
RESEARCH ASSISTANT 


required as soon as possible to work 
for three years with Dr Michael 
Rowan-Robinson on scientific analy- 
sis of data from IRAS (launching 
August 1982). The work will involve 
substantial collaboration with the 
IRAS team at the Rutherford and 
Appleton Laboratories and periods at 
NASA’s Jet Propulsion Laboratory, 


Pasadena. Considerable program- | 


ming experience and a background in 
astronomy essential. Initial salary in 
range to £9,482 pa. 


Applications, 


names of 2 referees, should be made to 

The Secretary, Queen Mary College, 

Mile End Road, London El 4NS. 
(96B5)A 


INFLAMMATION 
RESEARCH 


Post-Doctoral Pharmacologist or 
Biochemical Pharmacologist 


We have a vacancy for a pharmacologist or biochemical pharmacologist in our 
R&D Laboratories in Leicestershire. The position is for a senior member of a tearn 
investigating pharmacological and cellular mechanisms in chronic inflammatory 
diseases. The work is directed to the discovery of new compounds of potential 


housing, also access to major Midland cities. 


Please phone or write for an application form to Miss Cathy Mason, 


Personnel Officer, R&D Laboratories, Fisons Limited, 
Pharmaceutical Division, 


Bakewell Road, Loughboroug 


Leicestershire. 


Please quote reference 


number RD134/N. 


(9669) A 


including cv and | 






ARSI 


PHARMACEUTICAL DIVISION 


FIELD STUDIES COUNGIL 
WARDEN/ DIRECTOR o 
OF STUDIES Bees 

at Flatford MGN Field Centre, East 
Bergholt, Colchester, Essex. Candi 
dates should have a good honours _ 
degree in a biological or oiher 
appropriate environmental science, 
at least five years academic service at 
a Field Centre or comparable: 
institution, considerable teaching: 
experience and first-hand knowledge | 
of all relevant aspects “of” 
administration. ee 


Salary: £6,498 x 186 x 186 x 186%” 
186 x 450 x 450 x 450 —- £8,592 plus 
free board and lodging (married _ 
accommodation). baer 


Further details and application — 
forms from The Director, Field 
Studies Council, Preston Montord. 
Montford Bridge, Shrewsbury SY¥4— 
IHW. (967P A 
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Biochemist/ 
Animal Physiologist 
Greenford, Middlesex 


is required to establish a small project group to study aspects of microbial pathogenicity, 


Ad 


particularly pathogenic mechanisms “in vivo”, using infection models. This is a senior 
appointment in the Chemotherapy Department, Microbiology Division, and a number of 
years’ post doctoral research experience is required. 


The Company offers excellent conditions of employment including a non-contributory 
pension scheme, bonus schemes, a subsidised canteen and an active sports and social 


Please write or telphone for an application form to: Miss E. M. Butler, Personnel Department, 
Glaxo Group Research Limited, Greenford Road, Greenford, Middlesex UB6 OHE. Tel: 
01-422 3434, ext. 2707, quoting ref. U.390. 


ON PRS ann A a Sau NI ae il on nn INE re 
ahah AAEE A a hy ete en tet Ahh Saale L A OET 





ase 


c£73,000 





(9697)A . 
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UNIVERSITY 

OF ZIMBABWE 
Applications are invited from 
suitably qualified persons for the 

following posts: 
= PROFESSOR AND HEAD OF 
DEPARTMENT OF 

CHEMICAL PATHOLOGY 


PROFESSOR AND HEAD OF 
DEPARTMENT OF 
HAEMATOLOGY 


PROFESSOR AND HEAD OF 
DEPARTMENT OF 
RADIOLOGY 


Evidence of clinical and 
organisational skills for under- 
_ graduate and postgraduate teaching, 
as well as the capacity to contact and 
stimulate interest in scientific inquiry 
-inan African setting would be advan- 
tageous. The incumbents will be 
Heads of Department in a modern 
teaching hospital with all racial 
groups. 

Salary Scale $24,000 x 324 to 
$25,620. (£1 stg = Z$1.26 approx.). 


Conditions of Service. Both 
permanent, pensionable terms and 
short-term contracts are offered for 
academic posts. 


Further particulars on the above 
posts, on conditions of service and on 
the method of application should be 
obtained prior to submitting an 
application from Director, 
Appointments and Personnel, 
University of Zimbabwe, P O Box 
MP 167, Mount Pleasant, Salisbury, 
Zimbabwe. 


Overseas applicants may obtain 
further particulars from the 
Association of Commonwealth 
Universities (Appts), 36 Gordon 
Square, London WC1H OPF. 


Applications should be submitted 
by 15 November 1981. (9665)A 


THE LUDWIG INSTITUTE 
FOR CANCER RESEARCH 
(London Branch), The Haddow 
Laboratories, Clifton Avenue, 
Sutton, Surrey SM2 5PX. 


TECHNOLOGIST 


required to run, under scientific 
supervision, a well-equipped HPLC 
laboratory involved in method 
development for separation of hor- 
mones, growth factors, proteins and 
other biologically active molecules. 


Experience of other chromato- 
graphic and/or instrumental analy- 
tical techniques an advantage. 


Salary scale as Senior Research 
Officer (£6,987 to £8,916 + £527 
LW) or Research Officer (£5,283 to 
£6,921 + £527 LW), according to 
qualifications and experience. 


Applications in writing, together 
with names of two referees to the 
Administrator, (9641)A 





ASSISTANT 
PROFESSORSHIPS 
BOTANY — 
MICROBIOLOGY 


Auburn University seeks applicants 
for two tenure-track faculty positions 
in molecular genetics and plant cell 
biology. Positions carry responsibility 
for teaching as well as research and are 
available after January, 1982. 


Applicants should submit a cur- 
riculum vitae, transcripts, statement 
of research interest, and a list of at 
least three professional references by 
November 15, 1981 to: Professor Paul 
A Lemke, Head, Department of 
Botany, Plant Pathology, and Micro- 
biology, School of Agriculture, 
Forestry and Biological Sciences, 
Auburn University, AL 36849. 
Auburn University is an Affirmative 
Action and Equal Opportunity Educa- 
tional Institution. (NW951)A 


Applications are invited for two 
tenure-track positions: 
ASSISTANT AND 
ASSOCIATE PROFESSOR 
beginning August, 1982 
One requires a candidate who will 
apply modern solid state science to 
geological phenomena, may use the 
Facility for High Resolution Electron 
Microscopy, and will teach under- 
graduate mineralogy. Possible areas 
for the other position include low 
temperature geochemistry, heavy 
isotope geochemistry, solid earth 
geophysics, tectonophysics, and 

related fields. 


Send detailed statement of re- 
search and teaching interests and 
résumé with four references to David 
Krinsley, Department of Geology, 
Arizona State University, Tempe, 
AZ 85287, by 1/15/82. 


ASU is an equal opportunity/ 
affirmative action employer. 
(NW952)A 





UNIVERSITY OF KENT 
AT CANTERBURY 
LECTURER IN 
MICROBIOLOGY 


Applications are invited for appoint- 
ment to the post of Lecturer in Micro- 
biology. Candidates with research 
interests in microbial physiology or 
fermentation technology would be 
preferred. The salary scale for 
Lecturers is £6,070 to £12,860 and the 
appointment will be made within the 
first six points of the scale. 


Forms of application and further 
particulars may be obtained from the 
Senior Assistant Registrar, Faculty 
of Natural Sciences, Chemical Labo- 
ratory, The University, Canterbury, 
Kent CT2 7NH to whom completed 
applications should be submitted by 
23 October 1981. Please quote ref. 
A35/81. (9657)A 


NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
MICROBIOLOGY DEPARTMENT 
An APPLIED BIOLOGIST 


is required to work for 12 months (in 
the first instance) on new 
applications of a rapid method for 
counting bacteria in milk recently 
developed at the NIRD. The work 
will involve the modification and 
development of the method for use 
with other foods and biological 
materials. 


Qualifications: Degree in Applied 
Biology, Microbiology or 
Biochemistry, or HNC with relevant 
experience. 


Appointment, initially for a period 
of only 12 months, will be as 
Scientific Officer (£5,176 to £6,964). 


Application forms are obtainable 
from the Secretary, NIR D, 
Shinfield, Reading RG2 9AT. Quote 
reference 81/26. Closing date: 28 
October, 1981. (9671)A 





KING’S COLLEGE LONDON 
(University of London) 
SPECTROSCOPIST 


A postdoctoral research assistant 
(physicist of physical chemist) is 
required to work on the molecular 
dynamics of solidification and melt- 
ing using infrared, Raman and far 
infrared spectroscopy. The project 
requires the use of high pressure 
variable temperature spectroscopic 
cells. The grant is for two years, 
starting as soon as possible. The 
salary will be in the range £6,070 tc 
£6,880 plus £967 London Allowance 


Applications to: Professor G R 
Wilkinson or Dr W F Sherman 
Physics Department, King’s College 
London, Strand, London WC2R 2L$ 
with a brief curriculum vitae anc 
names of two referees, as soon a 
possible. (9659)A 
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Biological Safety and Patents Officer 


Reporting to the Director of Microbiology and Process Research, 
this person will assist in the preparation and assessment of patents 
and in complying with UK and US legislation concerning the large 
scale culture of genetically engineered organisms. 


Ideally, candidates should be microbiologists with post-graduate 
experience in molecular genetics and a working knowledge of 
recombinant DNA technology, but applicants with different 
relevant backgrounds will be considered. For this post it is 
important to be attentive to details and to be able to write 


coherently. (Ref. RS5/PRI1). 


Fermentation Process Research 


Research Investigator 


We require a person to work on the production of compounds 
from genetically modified micro-organisms. This involves 
research and development of processes up to pilot plant scale, 
liaising closely with the microbial genetics and production groups. 


Candidates should be recent PhDs with a broad background in 


The Company offers excellent salaries and benefits include 4 weeks holiday per year, contributory pension fund, 


Biotechnology at Searle 


G. D. Searle has a major commitment to recombinant DNA technology and continuing expansion has given rise to the 
following opportunities within its research centre at High Wycombe. 


Microbiology/Biochemistry/ Fermentation Technology. (Ref. 


R56/AM9). 


Research Assistant/Technician 


Another vacancy exists within this group for either a graduate or 
a person with an HNC (Biological Sciences). Candidates should 
have experience in the use of fermentors. (Ref. R56/A M10}. 


Microbial Genetics 
Research Investigators 


Two experienced PhDs are required to join a team engaged on the 
construction of bacterial strains particularly suited for the large 
scale production of cloned gene products. 


One person is required to investigate protein turnover in 
Escherichia coli and ideally should have a strong background in 
conventional bacterial genetics. (Ref. R51/AM11). 


The second person will be required to develop improved vectors 
for use with Bacillus subtilis and ideally should have cloning 
experience with that organism, (Ref. RS1/AM12). 


private medical scheme, subsidised cafeteria and sports and social club. 






UNIVERSITY 
OF CAMBRIDGE 


DEPARTMENT OF 
APPLIED BIOLOGY 


BREEDING OF NAVY BEANS 


A vacancy is expected to occur 
shortly for a 


RESEARCH ASSISTANT/ 
ASSOCIATE 


to take charge of the Navy Bean 
research programme financed by the 
Perry Foundation and H J Heinz Co 
Ltd. The current phase is directed 
towards combining a suitable plant 
structure with sufficiently early 
muturity to permit direct harvesting. 
Qualifications — a good Honours 
degree in an appropriate subject and 
preferably a higher degree; relevant 
practical plant-breeding research 
experience essential. Project 
financed until 31 March 1984. Salary 
according to age and experience in the 
range £6,475 to £8,925. Super- 
annuation under USS. 


Further particulars from the 
Secretary, Department of Applied 
Biology, Pembroke Street, 
Cambridge CB2 3DX, to whom 
applications giving full personal 
particulars and names and addresses 
f two referees should be sent to 
i him not later than 3! October 

a7 (9674A 








CANCER RESEARCH 
CAMPAIGN 


RESEARCH 
APPOINTMENTS IN 
CELL BIOLOGY 


AGRICULTURAL RESEARCH 
COUNCIL 


Institute of Animal Physiology, 
Babraham, Cambridge CB2 4AT 


An appointment supported by the 
Cancer Research Campaign is avail- 
able for three years to study the 
mechanisms of cell-cell recognition 
and adhesion during erythropoiesis 
and myogenesis with special 
consideration of the role of a 
particular class of cell surface lectins, 
galaptins. 


Candidates should have a lst or 
upper 2nd class honours degree and 
at least 2 years post-graduate 
experience. Experience in tissue 
culture, monocional antibody work 
or membrane biochemistry would be 
advantageous. 


Salary within Higher Scientific 
Officer scale £6,530 to £8,589 
according to experience. 


Further information from Dr 
Lynne Harrison, Department of Cell 
Biology, and application forms from 
the Secretary of the Institute, quoting 
reference CRC 2. Closing date 26th 
October 1981. (9690) A 


(9709 DA 


UNIVERSITY 
OF PENNSYLVANIA 
School of Medicine 
DEPARTMENT OF 
BIOCHEMISTRY & BIOPHYSICS 
RESEARCH ASSISTANT 
PROFESSOR IN 
BIOCHEMISTRY & 
BIOPHYSICS 
Non-Tenure track 


A candidate is being sought for the 
position of Research Assistant 
Professor in a research program 
eing with the measurement of 
transients in single muscle 
cil Preference will be given to 
candidates with several years of © 
experience with techniques per- 
taining to isolation of single muscle 
fibers, quantitative micro-spectro- 
photometry, electro-physiological 
recording, and the isolation/charac- 
terization of Ca-binding proteins. 


Please send résumé, including a 
summary of research and three (3) 
letters of reference to: Dr David R 
Trentham, Chairman, Department 
of Biochemistry & Biophysics, 
University of Pennsylvania, School 
of Medicine, Philadelphia PA 19104. 


The deadline for applications is | 


November 15, 1981. An Affirmative 
Action/Equal Opportunity 
employer. (NW94D)A 


Applicants, male or female, are invited to send a detailed C.V. or telephone for an application form to Miss D. 
Wardman, Assistant Personnel Officer, Searle Research & Development, Lane End Road, High Wycombe, 
Bucks. (Tel. High Wycombe 21124 ext 3374). 


| 
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OXFORD POLYTECHNIC = 
DEPARTMENT OF GEOLOGY 
& PHYSICAL SCIENCES 
CHIEF TECHNICIAN — T5 


The Department is concerned with 
Honours degree courses in Earth 
Sciences and Physical Sciences, _ 
HCTEC courses in Physics and | 
Chemistry and research work. af — 
postgraduate and postdoctoral | | 
levels. SS 


This new post involves res 
sibility for support services includ 
supervision and co-ordination of 
technicians and liaison with the 
of Department on running lab: 
ratories, accounting of revenue an 
research funds, ete. So 
contribution to the normal techn 
services within the Department s wi 
be expected. 


Qualifications and experience in an. 
appropriate area of science will be 
advantage. Ability to organise 
co-operate with staff and students 
also very important. . 


Salary will be on the TS se! 
£7,371 —~ £7,875 plus Qualific 40 
Allowance where appropriate. i 


Application forms and further < 
details from the Deputy Admin- 
istrator, Oxford Polytechnic, 
Headington, Oxford OX3 OBP, “ 

(9679A 
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: CAMBRIDGE, MASSACHUSETTS 
<- Positions are available for scientists at all levels who are skilled in the areas of: 





Microbial Physiology Biochemistry 
+ Genetics Organic Chemistry 
Cell Biology Enzymology 


= Nucleic Acid Biochemistry 


Protein Chemistry 
Recombinant DNA Technology 


Biogen is a biotechnology company with laboratories in the United States 
| and Switzerland, developing commercial applications of molecular biology 
iog in the areas of agriculture, chemicals, pharmaceuticals and energy. We 
| offer a challenging scientific career with the opportunity to interact with 
| talented colleagues in a stimulating environment. 

<0- Research is currently underway in our laboratories in Cambridge and we are 
d continuing to expand our staff and facilities during 1981-1982. We are 
seeking people in a variety of areas as we initiate new projects. 
z Biogen offers a competitive salary and benefits package. 
øg Reply to: Personnel Director, Biogen inc., 50 Church Street, 
R I Cambridge, MA 02138. Please send your résumé and a list of three 
-g individuals whom we may contact for references on your behalf. All 
; I replies will be evaluated in confidence. Biogen is an equal 
< B -opportunity employer. (NW946) 





REGIONAL PUBLIC HEALTH 
LABORATORY, MANCHESTER 


Senior Grade Microbiologist 
Salary Scale £8,134 to £10,516 


Applications are invited from graduates with an immunological 
background, or from microbiologists with experience in 
immunology. 

The person appointed will be responsible for running a research and 
development section within the Laboratory, and be expected to 
undertake both collaborative and independent research projects. 
He/she will also be expected to take part in the teaching and training 
of laboratory staff including the teaching of specialised advanced 
techniques and have responsibility for laboratory safety, with 
particular reference to the safety of new methods. 


Applications, including full curriculum vitae and the names and 
addresses of three referees should be sent to Dr DM Jones, 
Director, Public Health Laboratory, Withington Hospital, 
Manchester M20 8LR. (Telephone 061-445 2416) 


CENTRAL PUBLIC HEALTH 
< LABORATORY 


Streptococcus Reference Unit, Division of Hospital 
Infection 


Basic Grade Microbiologist 


Probationary Salary Scale £5,686 to £7,302 inclusive 
of London Weighting 


There is a vacancy for a graduate in the Streptococcus Reference 
© Unit at Colindale, London. The work of the Unit currently includes 
| typing of streptococci isolated from outbreaks of disease, the 
- serological diagnosis of infections caused by streptococci and 
| identifications of strains isolated from cases of serious disease. 
Interested candidates who would like to discuss this appointment 
may do so by arrangement with Dr G Colman, telephone 01-205 
7041 ext 221. 
Salary according to age, qualifications and experience on the NHS 
| Whitley Council Scientific scale as above. | 
Applications to Personnel Officer, Central Public Health 
Laboratory, Colindale Avenue, London NW9 SHT. 
Telephone 01-205 7041. Closing date 6th November, 1981. 


















l (9687)A 
83) Ix Public Health 
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UNIVERSITY 
OF DUNDEE 


DEPARTMENTS OF MATHEMATICS 
AND PATHOLOGY 


Applications are invited for the two 
posts of 
MATHEMATICIAN/ 
STATISTICIAN 
and 
COMPUTER PROGRAMMER 


to work on a project supported by an 
SHHD grant to investigate 
biologicaily-relevant parameters of 
the cell cycle from measurements of 
cellular DNA and RNA content 
obtained by flow cytofluorimetry. 


For the Mathematician post 
experience in mathematical 
modelling and biomathematics 
would be desirable and a knowledge 
of computer programming would be 
essential. Candidates for the 
Programmer post should have 
experience in Fortran programming 
and a knowledge of simulation 
techniques would be desirable. Both 
appointments would be made for up 
to three years and salary would be 
according to age, qualifications and 
experience on the range IA for 
Research and Analogous Staff 
(£6,070 to £10,575 per annum). 


Further particulars may be 
obtained from the Personnel Office, 
The University, Dundee DDI 4HN to 
which applications (2 copies naming 
3 referees) should be sent by 29th 
October 1981. Please quote reference 
EST/53/81J. (9666)A 


POSTDOCTORAL Position (re- 
search associate) available 
immediately for research on sym- 
pathetic nerve terminal and vascular 
smooth muscle function in hyperten- 
sion. Experience in in vitro 
preparations and tyrosine hydroxylase 
assay preferred. Salary commensurate 
with qualifications. Send curriculum 
vitae, letter of interests, and three 
letters of recommendation before 20 
October 1981 to: L T Lais, PhD, 
School of Pharmacy. Oregon State 
University, Corvallis, Oregon 97331. 
An Equal Opportunity/ Affirmative 
Action Employer in Compliance with 
Section 504 of the Rehabilitation Act 
of 1973. (NW923)A 


CARDIOTHORACIC 
INSTITUTE 


JUNIOR MEDICAL 
LABORATORY SCIENTIFIC 
OFFICER 


required in Department of Allergy 
and Clinical Immunology to assist in 
running the department which 
researches into allergic diseases of the 
lung. 


ideal short term post for 17-18 year 
old awaiting entry to University. 
Training given. Salary according to 
age and qualification on Whitley 
Council Junior MLSO scale. 


Application forms available from 
Secretary, Cardiothoracic Institute, 
Fulham Road, London SW3 6HP. 
(tel: 01-352 8121 ext 4163). (9698)A 


UNIVERSITY OF 
ZIMBABWE 
Applications are invited for the 
following post: 
LECTURESHIP/SENIOR 
LECTURESHIP 
CHEMICAL PATHOLOGY 
(available 1/1/82) 


Medically qualified applicants should 
be in possession of an MBChB degree, 
while non-medical applicants should 
have an honours degree in Bio- 
chemistry with some postgraduate 
experience in clinical biochemistry. 
Successful medically qualified can- 
didates without higher qualifications 
will be required to enrol for a MMed in 
Chemical Pathology while non- 
medical candidates will be required to 
obtain membership of the Royal 
College (Chem Path) or a similar 
relevant qualification. Closing date: 
15 November 1981, 


SALARY SCALES: Medical 
Lecturer Grade I] $13,764x 516 — 


$16,860; Lecturer Grade I 
$17,388 x 528 —— $19,500; Senior 
Lecturer $20,100 x 600 ~~ 


$22,500 x 504 -— $23,004. 


Non-Medical: Lecturer Grade Il 
$7,008 x 504 — $9,528x528 — 
$12,168; Lecturer Grade I $12,720 
x528 — $14,832; Senior Lecturer 
$14,040 x528 ~— $15,624« 540 — 
$18,324 (£lstg = Z$1.26 approx). 


Both permanent pensionable terms 
and short-term contracts are offered 
for academic posts. 


Further particulars on the above 
posts, on conditions of service and 
method of application should be 
obtained prior to submitting an 
application from the Director, 
Appointments & Personnel, Univer- 
sity of Zimbabwe, PO Box MP 167, 
Mount Pleasant, Salisbury, 
Zimbabwe, or from the Association of 
Commonwealth Universities (Appts), 
36 Gordon Square, London WCIH 
OPF. (9664)A 


UNIVERSITY OF LEICESTER 
DEPARTMENT OF 
PHARMACOLOGY AND 
THERAPEUTICS 
POST-DOCTORAL 
RESEARCH ASSOCIATE 


Applications are invited for the above 
post to work on a British Heart 
Foundation funded project examining 
the role of catecholamines, alpha- 
adrenoceptors, and cyclic nucleotides 
in human platelet function. The post 
would be most suited to a person who 
has just obtained a PhD and experience 
with receptor labelling and/or cyclic 
nucleotide research would be advanta- 
geous though not essential. 


The appointment is for two years 
and the commencing salary will be in 
the range £6,070 — £6,475 pa (GA 
Scale). 


Applications with curriculum vitae 
and names of two referees to Dr 5 R 
Nahorski, Department of Pharma- 
cology and Therapeutics, University 
of Leicester, Medical Sciences 
Building, University Road, Leicestei 
LE1 7RH. (0533) 551234 ext 361. 

(961S)A 
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BIOGEN S.A. 
Geneva, Switzerland 


Positions are available for scientists at all levels who are skilled in the areas of: 


FERMENTATION TECHNOLOGY 


MICROBIAL GENETICS 
MICROBIAL PHYSIOLOGY 
CELL BIOLOGY 
BIOCHEMISTRY 
IMMUNOLOGY 


ENZYMOLOGY 
PROTEIN CHEMISTRY 





NUCLEID ACID BIOCHEMISTRY 
RECOMBINANT DNA TECHNOLOGY 


Biogen is a biotechnology company with laboratories in Switzerland and in the United States, developing. : 
commercial applications of molecular biology in a variety of areas. We offer a challenging scientific career with the- 
opportunity to interact with talented colleagues in a stimulating environment. Because of successful developments 

we will be expanding our staff and facilities during 1982 and are seeking highly qualified researchers as we initiate 


new projects. 


Biogen offers a competetive salary and benefits package. 


REPLY TO: 


Personnel Manager, Biogen S.A 


Geneva, Switzerland. 


.„ Route de Troinex 3, 1227 Carouge, 


Please send your résumé and a list of three individuals who may be contacted for references on your behalf. All 
replies will be evaluated in confidence. 


Biogen is an equal opportunity employer. 


W452(A) 


TT 


RESEARCH POSITION IN 
CHEMICAL 
OCEANOGRAPHY 


California Institute of Technology, 
Division of Geological and Planetary 
Sciences. The position of research 
fellow is being offered at Caltech for 
research in oceanography. Investiga- 
tion of the isotopic composition of 
neodymium and rare earth 
abundances in sea water and 
sediments is now being carried 
forward. The mechanisms of in- 
jectien of REE into sea water will be 
studied. The differences in 
'43Nd/'44Nd in various water masses 
{Piepgras et al, Earth and Planet. 
Sci. Lett. 45, 223-236 and Piepgras 
and Wasserburg, Earth and Planet. 
Sci. Lett 50, 128-138 (1980)] is now 
being carried forward as an ex- 
ploratory venture in order to deter- 
mine the origin and chemical be- 
haviour of REE in the ocean and the 
potential use of '43Nd/!44Nd as a 
tracer. The laboratory facilities for 
sample preparation and analysis are 
fully functional and will be available. 
Applicants should have training in 
oceanography and a good perspective 
on general physical oceanographic 
models. 


Send résumé and references to 
Professor G J Wasserburg, Lunatic 
Asylum, California Institute of 
Technology, Pasadena, CA 91125, 


Caltech is an equal opport- 
unity/affirmative action employer 
HY, (NW962)A 





FACULTY RESEARCH 
POSITION IN PHYSIOLOGY 


available at the level of Assistant 
Professor. Work involves the 
physiologic regulation of bone repair 
processes, utilizing both in vivo and 
in vitro models. Experience desirable 
in whole animal work, kinetics, tissue 
culture, RIA, membrane receptors, 
computer, and statistical methos. 
Competitive salary and exceptional 
opportunity in a well equipped, 
multidisciplinary laboratory. 


Contact: D J Baylink, MD, 
Department of Medicine, Room 
1501, Loma Linda University, Loma 
Linda, CA. 92350. Telephone: 
714/796-7311 extension 2171. An 
Equal Opportunity/Affirmative 
Action Employer. (NW9SIIA 


MOLECULAR BIOLOGIST 


Applications for an assistant pro- 
fessorship are invited from individuals 
with major commitment toward 
research and whose interests are in the 
structure, regulation or expression of 
viral mammalian genes. Expertise in 
genetic engineering or enzymology- 
protein chemistry, an asset. 
Knowledge of, or readiness to learn 
French essential. 


Send applications to: Dr Pierre 
Bourgaux, Directeur, Département de 
Microbiologie, Faculté de Médecine, 
Centre Hospitalier Universitaire, 
Université de Sherbrooke, Sherbrooke, 
Québec, Canada JIH 5N4. 

(NW956)A 


UNIVERSITY 
OF ST ANDREWS 


DEPARTMENT OF 
BOTANY 


Applications are invited for a 


TEACHING ASSISTANT 


in animal ecology, for one year from 
January 1982, within the Department 
of Botany. 


Salary within range £5,285 to 
£6,070 per annum plus USS. 


Applications (two copies 
preferably in typescript) with names 
of three referees should be lodged by 
30th October 1981, with the 
Establishments Officer, The 
University, College Gate, St 
Andrews, Fife KY16 9AJ, from 
whom further particulars may be 
obtained. (9699)A 





POSTDOCTORAL 
ASSOCIATE 


Basic temperature-dependent Raman 
and infrared spectroscopic studies of 
crystals with fast ion conducting 
phases (superionic conductors). 
Measurement of ionic conductivity. 
Available from Jan 1, 1982, $14,000/ 
year. 


Send résumé and three letters of 
recommendation to Dr Roger Frech, 
Department of Chemistry, Univer- 
sity of Oklahoma, Norman, OK 
73019. Equal opportunity/affirma- 
tiveactionemployer. (NW9S50)A 


| graduates with at least an n 


eerie? 


| 





OXFORD UNIVERSITY | 
Physical Chemistry Laboratory 
SERC RESEARCH : 


ASSISTANT : 
Applications are invited from chemists: 
and physicists to work with Dr J Wo 
White on the structure and dynamics 
of low dimensional metallic materials. 
including graphite intercalation conto 
pounds using neutron diffraction and 
inelastic scattering. Some background 
either in this area on the physico or 
preparative side, or of diffraction 
would be an advantage. : 

The appointment is for two yea 
Research Support Grade IA 
membership of USS. Starting sala 
up to £6,880. io 

CASE STUDENTSHIP. _ 
Applications are invited for a SER 
CASE studentship from chem 
















second class degree. The work invo 
the synthesis of polyacetylene (C 
and study of its transition to a metal! 
doping. Electrical conductivit' 
magnetic susceptibility and t 
diffraction will be key technig 
used. 







immediately and the assistantship — 
from November, a 

Applications including a full ` 
curriculum vitae and the names of two = 
referees should be sent to Dr } Wo 
White, Physical Chemistry Labos 
ratory, South Parks Road, Oxford ~~ 
OX1 3QZ. (9682)A 





Addiction Unit Research Laboratory, 
Whitchurch Hospital, Cardiff 


-Postdoctoral Research 
Fellow/ Postgraduate 


Research Assistant 


Salary up to £5,886 depending on 
qualifications and experience. 


This post is funded by the Medical Council on Alcoholism for 
one year only (but with a possible renewal for a further one- 
year period) to assist Dr A.A.-B. Badawy in animal and clinical 
studies in relation to “the foetal alcohol syndrome”. 
Prospective applicants should possess at least a good 

< Honours degree in biochemistry, pharmacology or a related 
biological science. Preference will be given to those with 
experience in tryptophan metabolism, enzymology or 
developmental biochemistry. 

-Application form available from: Unit Administrator, 
Whitchurch Hospital, Whitchurch, Cardiff CF4 7XB. 
Tel. Cardiff 62191. 
Closing Date: 23rd October, 1981. 


South Glamon 
|Health Authon 


(9676)A 


n 
y(J) 









































NATIONAL UNIVERSITY OF SINGAPORE 
DEPARTMENT OF PHYSICS 


-Applications are invited for teaching appointments in the Department 
-E of Physics. Candidates should possess a PhD degree, and have 
9} teaching and/or research experience. Preference will be given to 
‘§ candidates in the following areas: 


{a} Digital Electronics/Computer Sciences (Hardware or Software) 
with specialization in microprocessors/minicomputers. 
ib) Experimental solid state physicist/materials scientist with 
experience on the use of scanning electron microscopes. 
ic) Experimental Nuclear Physics with experience on low energy 
accelerators especially the Van de Graaff generator. 
id} Scientific Instrumentation. 


-Gross annual emoluments range as follows: 


$$25,050 — S$49,850 
Senior Lecturer: $$43,090 — $$74,590 
Associate Professor: $$64,830 — $$86,600 


The commencing salary is dependent upon the candidate's 
qualifications, experience, and the level of appointment offered. 


Staff may be considered for tenure. appointment after an initial contract 
of 3 years. Leave and medical benefits are provided. Under the 
-University's Academic Staff Provident Fund Scheme, the staff member 
“contributes to the Fund at the present rate of 22% of his monthly gross 
salary subject to a maximum of S$660 p.m., and the University 
“contributes 20 % % of his monthly gross salary. The sum standing to the 
-staff member's credit in the Fund may be withdrawn when he leaves 
-Singapore/ Malaysia permanently. Other benefits include: a settling-in 
$ allowance of $$1,000 to $$2,000, and education allowance in respect 
E of children’s education subject to a maximum of $$12,000 p.a., 
subsidised housing at rentals ranging from $$120 to S$306 p.m., 
- passage assistance, and baggage allowance for transportation of 
personal effects to Singapore. 


Lecturer: 





_ Application forms and further information may be obtained 
| either from: 

Mr. R. E. Sharma or 
NUS Overseas Office, 

~ § Chesham Street, 

- London SW1, UK, Kent Ridge, 

Tel: 01-235 4562. Singapore 0511. 
Applications should be submitted to the Recruitment Unit 


The Head 
Recruitment Unit, 
National University of Singapore, 





456) A 
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PLANT BREEDING 
INSTITUTE 
Maris Lane, Trumpington, 
Cambridge, CB2 2LQ 


PLANT PATHOLOGIST 


Applications are invited for the post 
of Plant Pathologist in the Forage, 
Oil and Potatoes Department of the 
Institute. The work will be on club 
root and stem rot diseases of oilseed 
rape with the primary aim of 
developing reliable and simple 
methods of screening for resistance 
to these diseases to permit the identi- 
fication of sources of resistance and 
facilitate the selection of resistant 
varieties. 


The post is for a period of two 
years and will be funded by the EEC. 
The appointment will be at Scientific 
Officer (Salary £5,176 to £6,964 pa) 
or Higher Scientific Officer (Salary 
£6,530 to £8,589 pa). Non-contri- 
butory superannuation scheme. 


Qualifications are Honours degree 
(First or Upper Second) in Botany or 
Agricultural Botany (at SO level) and 
(at HSO level) with at least two years 
relevant postgraduate experience. 


Further particulars on request. 


Applications with curriculum 
vitae, together with the names and 
addresses of three referees, should be 
sent to the Establishment Officer by 
29 October 1981. (9675)A 





MIAMI UNIVERSITY 
Oxford, Ohio, USA 
VISITING ASSISTANT 
PROFESSORSHIP IN 
GEOLOGY 


The Geology Department invites 
applicants to filla Visiting-Assistant- 
Professor position beginning in 
August, 1982. The position is of | to 3 
year duration and is nontenure track. 
The successful candidate must have 
the PhD and will be responsible for 
teaching introductory-level courses 
as well as teaching and study in the 
person’s area of research interest. 
This area is unspecified. The success- 
ful applicant will be chosen on the 
basis of qualifications and ability to 
interact with researchers currently on 
the staff. 


Applicants should send a résumé, 
transcripts, three (3) letters of 
reference and an outline of research 
interests to: Dr A Dwight Baldwin, 
Jr, Chair, Geology Department, 
Miami University, Oxford, Ohio 
45056, USA. (NW9S3)A 





INSTITUTE OF 
NEUROLOGY 
RESEARCH ASSISTANT 


Required for Neurochemistry Lab- 
oratory studying dementia. Work 
involves high performance liquid 


chromatography and would suit a |. 
recent graduate preferably in 


chemistry or biochemistry. Salary 
according to age and experience, 


Applications with names of two 
referees to Dr D M Bowen, 33 John’s 
Mews, London WC1. (9686)A 


ROTHAMSTED 
EXPERIMENTAL STATION 
Harpenden, Herts ALS 2JQ 
CHEMIST 
or 
SOIL SCIENTIST 


is required in the Soils & Plant 
Nutrition Department for a new 
project on the chemistry of heavy 
metals in organic wastes and shidges 
aimed at defining their reactions in 
soil, and understanding their toxicity 
to plants, so that their potential 
hazards in agriculture can be 
predicted. 


Candidates should have a good 
degree in Chemistry or Soil Science, 
preferably with a higher degree in a 
physico-chemical topic. Interest in 
plant physiology or plant nutrition is 
an advantage. 


Appointment in grade of Scientific 
Officer (£5,176 -—- £6,964 pa) or 
Higher Scientific Officer (£6,530 — 
£8,589}. Starting salary according to 
qualifications and experience. Non- 
contributory superannuation. 


Apply in writing to the Secretary 
giving names and addresses of two 
referees and quoting Ref. 456 by 22nd 
October 1981. Further details on 





request. (9680) A 
CHIEF CURATOR OF 
LIFE SCIENCES 


Natural History Museum of 
Los Angeles County 


Applications are invited for the 
above position, which will become 
vacant on March 1, 1982 following 
the retirement of Dr Fred S Truxal. 
The position requires a natural 
scientist with a distinguished research 
record who must be an able admi- 
nistrator with the ability to generate 
research and development funds. The 
successful applicant will administer 
the Life Sciences Division, 
incorporating the disciplines of 
Zoology, Botany and Anthropology, 
and will be required to coordinate 
exhibit programs, to demonstrate 
and foster excellence in research 
activities and collection 
management, and to function effec- 
tively in a complex administrative 
environment. 


Applications, with names of three 
referees, should be submitted before 
December 3! to: The Chairman, Life 
Sciences Search Committee, Natural 
History Museum of Los Angeles 
County, 900 Exposition Boulevard, 
Los Angeles, CA 90007. An Equal 
Opportunity/Affirmative Action 
Employer. (NW9S4)A 
















WANT TO LIVE 
IN THE U.S.A.? 


American agency 
provides help. 
For free information write 
the U.K. address. 

The Transatlantic Agency 
(N) 33 Great James Street, 
London WC1. 
Enclose SAE please. 

(Yo. 
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UNIVERSITY OF OXFORD 
University Laboratory of 
Physiology 


RESEARCH ASSISTANT 
GRADE 1A 
Salary £6,070 — £7,700 


Applications are invited for a post- 
doctoral research assistantship in 
the Physiological Laboratory to 
{take part in human respiratory 
studies, with particular emphasis 
| on the recording and analysis of the 
| respiratory gas flow under a variety 
of conditions. A Data General 
‘| ‘Eclipse’ minicomputer is available 
for the analysis of patterns. 
Applicants should ideally have 
some experience of computer pro- 
gramming. The work will be carried 
j out under the direction of Dr. 
D. J.C. Cunningham and Dr. 
E: S. Petersen. 
The post will be financed by the 
Medical Research Council and is 
tenable until 31 December, 1983. 
Applications stating age, quali- 
fications and experience and giving 
the names and addresses of two 
academic referees should be sent, 
as soon as possible, to: The 
Administrator, University Labora- 
tory of Physiology, Parks Road, 
Oxford OX1 3PT. (9684) A 








UNIVERSITY OF ESSEX 
POST-DOCTORAL FELLOW 
in the 
DEPARTMENT OF BIOLOGY 


Applications are invited for a NERC 
post-doctoral Fellowship to work in 
the Department of Biology with Dr 
D B Nedweill. The appointment to 
commence as soon as possible for one 
year in the first instance. Salary will be 
at an appropriate point on the Range 
IA scale (6,070 -- £10,575). The 
project will investigate the turnover of 
organic metabolites by bacteria in 
anaerobic saltmarsh sediment. 
Previous experience with gas 
chromatographic or radiotracer 
techniques would be advantageous. 


Applications (two copies), 
including a curriculum vitae and the 
names and addresses of two referees, 
should reach the Registrar (AG/ 
128/N), University of Essex, Wiven- 
hoe Park, Colchester CO4 35Q, from 
whom further particulars may be 
obtained, by 22 October 1981. 

(9658)A 





& October 1981 


FACULTY POSITION IN 
BIOLOGICAL SCIENCES 
at the 
Hopkins Marine Station of 
Standord University 

Applications are invited for an 
appointment in the Department of 
Biological Sciences of Stanford 
University, to be resident at the 
Hopkins Marine Station in Pacific 
Grove, California. The position is 
without restriction as to rank 
although preference will be given to 
younger candidates. The position 
involves both teaching and research. 
The Station wishes to appoint some- 
one with substantial competence in 
Marine Zoology or Marine Phy- 
cology, but whose research interests 
relate to ecological or comparative 
physiological problems. All applica- 
tions must include a curriculum 
vitae, a statement of research in- 
terests and a list of three people from 
whom letters of reference will be 
sought. Applications should reach 
C.S. Pittendrigh, Hopkins Marine 
Station, Pacific Grove, CA 93950 by 
December 15, 1981. Stanford 
University is an equal opportunity 
employer. (NW935)A 





DURHAM UNIVERSITY 


SENIOR RESEARCH 
ASSISTANTSHIP 


A POSTDOCTORAL 
BIOCHEMIST/ 
PHYSIOLOGIST 


is required to investigate the control 
of lipogenesis and membrane bio- 
genesis during hormone-induced cell 
differentiation in avian liver. 
Research experience in biochemical 
aspects of cell culture is essential and 
experience of enzymology/immuno- 
chemistry would be an advantage. 
Post tenable in the Department of 
Zoology for one year from 
| December. Salary in the range 
£6,070 to £7,700 pa within Range 1A 
plus superannuation. 


Applications (3 copies) naming 
three referees should be sent by 
23 October 1981, to the Registrar, 
Science Laboratories, South Road, 
Durham DHI 3LE, from whom 
further particulars may be obtained. 

(9694)A 


IMMUNEX CORPORATION 
Seattle, Washington 


Seeks molecular biologists, immunologists, and biochemists for its new 
research facility which will open in Seattle early in 1982. immunex 
corporation is a new research and development company working in the 
area of immunoregulation by lymphokines. Both staff scientist (Assistant 


| Professor equivalent) and Senior Staff Scientist positions are available. 


Applicants with outstanding academic records are sought and, for senior 
positions, evidence of independence (e.g. principal investigatorship of 
peer-reviewed grants) will be necessary. Excellent salaries and fringe 
benefit package. Send curriculum vitae and names of at least two 
į references to: Dr. Steven Gillis or Dr. Christopher S, Henney, immunex 
Corporation, PO Box 70668, Seattle, Washington 98107. (NW933)A 





Cell Culture Scientists 


in biotechnology - Sweden \\ 


The Cell Biology Group of Pharmacia Fine 
Chemicals is progressing research and devel- 
opment of new techniques and processes in 
the field of Cell Culture. Due to our rapidly ex- 
panding program, we have several vacancies 
for scientists skilled in the art and science of 
culturing animal cells. 


THE PROJECTS: 


vreten 


Our Cell Biology Group ts situated in pleasant 
surroundings in Uppsala, Sweden. Our labora- 
tories are newly built and excellently equipped. 
The positions are challenging and present a 
unique career opportunity to join a young mutllti- 
national team working at the forefront of this 
rapidly expanding area. 

For additional information on the positions, 
the company, or just life in Sweden, please 
contact: Dr Mike Hirtenstein, phone: Sweden 
018/16 5125. 


Letter of application and curriculum vitae 
should be sent in confidence to Mr Jan Gus- 
tafsson, AB Fortia, Personnel- and Organiza- 
tion development, Box 604, 5-752 25 Uppsala. 





N NY i 
Product Specialists 


The Cell Biology Group also has vacancies for 
Cell Biologists to interface between our own 
research team and scientists in other labora- 
tories world-wide. 


The work includes: 







Innovative projects - 


R & D of new methods of culturing animal 
cells, to maximie yields of cells and novel 
cell products. 


Scaling up of animal cell cultures from 
laboratory to pilot scale, particularly using 
microcarrier techniques. 


Optimising process control parameters 
and specific application developments. 


Installation and running of unique pilot- 
scale culture systems. 


New product development with our re- 
search team, 


New applications and techniques develop- 
ment for cell biclogy products. 


Preparation of scientific texts and presen- 
tations at conferences, 


Running scientific courses and seminars. 


Providing scientists with technical assist- 
ance in new techniques. 


Market research. 


Pharmacia RY 
Fine Chemicals ES 


wasaa NN 


YOU’VE GOT A 
BRIGHT IDEA 


FOR NEW BIOLOGICAL OR 
CHEMICAL COMPOUNDS 


WE HAVE THE CAPITAL 
TO DEVELOP NEW DRUGS 


We are not a pharmaceutical firm but a Swiss-based, independant 
z financial group which is prepared to let you participate in a capital 

= venture for the exploitation of your project. 
Our object: the development of new biological or chemical products 
_§ -with previous pharmalogical screening up to the stage of clinical 
-E tolerance and efficacy required to permit licensing negociations. 


_sseonarpeecrerordettttaaaasl AAAA AAAA smart RAR TAT AEH A AAE ETEA 


To obtain all the information required for initial selection, 
please write in English, French or German to: 
DEBIOPHARM S.A. Petit-Chéne 38 - 1001 LAUSANNE 


` (Switzerland). (W368)A 


ST. GEORGE’S UNIVERSITY 
SCHOOL OF MEDICINE 
Grenada 


The School has a requirement for next semester for the following 
faculty. 

Two demonstrators in Histology, one demonstrator in 
Neuroanatomy, one lecturer or assistant professor in Biochemistry. 
Pathology lecturers suitable for retired histopathologists and clinical 
pathologists but all qualified applicants considered. All posts for one 
year renewable annually by mutual agreement. Histology 
appointees will be acceptable for six or twelve months or longer. 
Biochemistry post would be suitable for young PhD recently 
graduated with some lecturing experience. Return air-passage for 
appointee and wife provided. Very favorable income tax rates for 
Faculty in Grenada. 


Applications should be sent by air-mail as soon as possible to 
the Vice Chancellor, St. George's University, School of 
Medicine, Grenada, West Indies. (W455)A 


UNIVERSITY OF ALBERTA 


KILLAM MEMORIAL CHAIR IN 
SCIENCE AND ENGINEERING 


A bequest from the late Dorothy J. Killam has resulted in the 
endowment of two Killam Memorial Chairs in any area of basic science 
or engineering. These are senior appointments offered to distinguished 
individuals to permit them to carry on high level research and graduate 
teaching. 
One of the Killam Memorial Chairs will become available on July 1, 
1982. We are seeking outstanding candidates to fill this position. We 
invite nominations and applications on behalf of or from distinguished 
individuals interested in this chair. Enquiries, nominations and 
applications should be directed to: 
Dr J. Gordin Kaplan 
Vice-President (Research) 
The University of Alberta 
Edmonton, Alberta, Canada T6G 2J9 


Nominations should be received before December 1, 1981. 
INWSI3)A 








UNIVERSITY OF GLASGOW 
DEPARTMENT OF 
BIOCHEMISTRY 
POST-DOCTORAL RESEARCH 
ASSISTANT 
A vacancy exists for a post-doctoral 
research assistant on a project 
investigating the molecular biology 
of a specific cardiotherapeutic 

drug. 
Applications are invited from suit- 
ably qualified persons who should 
preferably have expertise in mem- 
brane biochemistry, mammalian 
cell culture, or heart perfusion tech- 
niques. The post, which is funded 
by the pharmaceutical industry, is 
for two years. Salary will be within 
the range £6,070 — £7,290 on range 
1A of the scales for Research and 
Analogous staff, with placement 
according to age, qualifications and 
experience. 
Applicants should send their CV, 
with the names of two referees, to 
Dr Jocelyn Dow, Department of 
Biochemistry, University of 
Glasgow, Glasgow G12 80Q, 
before 20th October, 1981. 
In reply please quote Ref. No. 4857. 
(9662)A 























































HIGH ALTITUDE 
OBSERVATORY 






Visitor Appointments at the High 
Altitude Observatory are available 
for new and established PhD’s for 
up to one year periods to carry out 
research in solar physics, solar- 
terrestrial physics, and related sub- 
jects. Applicants should provide a 
curriculum vitae including educa- 
tion, work experience, publica- 
tions, the names of three scientists 
familiar with their work, and a 
statement of their research plans. 

Applications must be received by 
15 January 1982, and they should 
be sent to: Visitor Committee, High 
Altitude Observatory, National 
Center for Atmospheric Research 
{NCAR}, PO Box 3000, Boulder, 
Colorado 80307. NCAR is an Equal 
Opportunity/ Affirmative Action 
Employer. (NW931)A 





KINGSTON POLYTECHNIC 
SCHOOL OF CHEMICAL AND 
PHYSICAL SCIENCES 
SENIOR TECHNICIAN 


A senior electronics technician is 
required, to be responsible for the 
building and maintenance of the 
School's electronic/electrical 
equipment. The complexity of the 
equipment requires the technician to 
be familiar with high level analytical 
instrumentation and to have the 
ability to diagnost faults accordingly. 
The post offers the possibility of 
designing and building equipment as 
well as the opportunity of bringing 
new ideas and technology into the 
department. 


T3/4 grade £6,135 — £7,620 
inclusive. Closing date 23rd October 
1981. 


Details and application forms 
from Assistant Registrar 
(Personnel), Kingston Polytechnic, 
Penrhyn Road, Kingston upon 
Thames 01-549 1366. (9667)A 
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UNIVERSITY 
OF ST. ANDREWS 


DEPARTMENT OF 
PSYCHOLOGY 


RESEARCH ASSISTANT: 
COGNITIVE PSYCHOLOGY 


Applications are invited for a post of 
research assistant to work with Dr 
RW Byrne on a MRC Project 
“Geographical Knowledge and 
Orientation in the Blind”. The 
successful applicant will conduct 
field and laboratory experiments on 
blind and sighted subjects in Fife and 
nearby counties, and subsequently 
collaborate in analysis and 
publication. 


The appointment will begin in 
January 1982 or earlier, and last for 2 
years. Starting salary £5,285 per 
annum plus USS. 


Applications (two copies 
preferably in typescript) with the 
names of three referees should be 
lodged by 30th October 198] with the 
Establishments Officer, The 
University, College Gate, St. 
Andrews, Fife KY1I6 9AJ, from 
whom further particulars may be 
obtained. (9693)A 


GUY’S HOSPITAL MEDICAL 
SCHOOL 


DEPARTMENT OF 
HAEMATOLOGY 


QUALIFIED LABORATORY 
SCIENTIFIC OFFICER 


required for research project on the 
nutrition of vitamin K in man in the 
Department of Haematology, until 
3Iist March 1983. Previous 
experience with high performance 
liquid chromatography desirable but 
not essential. 


Apply in writing, stating age and 
giving details of qualifications and 
experience, to the Secretary, Guy’s 
Hospital Medical School, London 
Bridge, SE] 9RT, quoting Ref H M. 

(9689) A 


THE POLYTECHNIC 
of North London 
DEPARTMENT OF 

CHEMISTRY 
Re-advertisement 
LABORATORY 

TECHNICIAN GRADE V 


CHROMATOGRAPHY 
TECHNICIAN 


A technician is required urgently for 
work in the specialist laboratories of 
the Department. Substantial 
experience in the application ol 
chromatographic techniques in 
research and analysis is essential. Ret 
4/81. 


Applicants should preferably hold 
at least HNC or an equivalent quali- 
fication and have 8 years’ experience, 
inclusive of the training period. 


Salary Scale: £6,711 to £7,66€ 
inclusive of London Weighting. 


For further details and an appli 
cation form contact the Head of the 
Department of Chemistry 
Polytechnic of North London 
Holloway Road, London N7 8DB 

(9670)A 
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AGRICULTURAL RESEARCH COUNCIL 
LETCOMBE LABORATORY 


HEAD OF CROP PHYSIOLOGY 


A position exists for a Principal Scientific Officer as Head of the Crop 
Physiology Section of the Field Studies Department. 


Duties will include leading research on the physiology of root and shoot 
growth of winter cereals, especially as affected by soil management 
practices. The appointee will be expected to co-operate in the planning 
and management of field experiments, including long-term 
investigations on the effects of tillage and drainage. 

Qualifications required are a first of upper second class honours degree 
in an appropriate subject and preferably a postgraduate qualification 
with considerable relevant postgraduate experience. 

Salary in the range £10,398 to £13,448 depending on qualifications and 
experience. Non-contributory superannuation. 


Application forms and further details from the Secretary, 
Agricultural Research Council, Letcombe Laboratory, Wantage, 


Oxon OX129JT. Closing date 30th October 1981. (9661)A 
THE UNIVERSITY OF UNIVERSITY OF 
CALIFORNIA SOUTHAMPTON 
Irvine CRC MEDICAL ONCOLOGY UNIT 


DEPARTMENT OF SURGERY Applications are invited for 


is recruiting for an the post of 
IN LINE PROFESSOR RESEARCH FELLOW/ 
with a doctorate in ASSISTANT 
BIOLOGY OR BIOPHYSICS | inthe Professorial Medical Oncology 


and a background in laser tech- 
nology. This person must have 
demonstrated experience with its 
biologic effects, especially at the 
cellular and tissue levels. Must have 
an interest in and experience with 
laser application to human malignan- 
cies and in coordinating a general 
program in several surgical speciali- 
ties. The research position also 
involves teaching undergraduate 
medical students, residents, and post- 
graduate students. 


Send curriculum vitae and references 
to G Robert Mason, MD, Professor 
and Chairman, Department of 
Surgery, University of California, 
Irvine, Irvine, California, 92717 by 
November 21st, 1981. 


The University of California is an 
Equal Opportunity/Affirmative 
Action Employer. (NW95S7)A 


UNIVERSITY 
OF BERNE 


DEPARTMENT OF 
PAEDIATRICS 


PhD, BIOCHEMIST 


required for initially 2 years to 
investigate the effects of neuro- 
transmitters on brain development. 


Candidates should have experience 
in neurochemical methods with 
emphasis on enzymology and/or 
lipidchemistry. 


Salary sFr 35,000 — till 45,000 — 
depending on age and qualification. 
Applications with CV and names of 2 
referees to Prof N Herschkowitz, 
Inselspital-Kinderklinik, 
Freiburgstrasse 15, CH-3010 Berne, 
Switzerland. (W457)A 












Please mention 


nature 
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Unit to participate in an ongoing 
project concerned with the cyto- 
skeleton, desmosomal adhesion and 
motility of epithelial cells. The 
appointment can be made either at 
the postdoctoral or graduate level. In 
the former case applicants should 
possess, or be about to obtain, a PhD 
in an appropriate aspect of cell 
biology or biochemistry. A graduate 
should possess a degree in some 
aspect of Biology. In either case 
experience of fluorescent antibody 
staining, electron microscopy or 
tissue culture would be an advantage. 
The appointment will be for one year 
in the first instance but will be 
extended subject to satisfactory 
progress. A suitable graduate would 
be able to work for a PhD. 


The Salary will be in the range 
£6,070 —— £8,105 pa for a post- 
doctoral fellow and £5,285 — £6,475 
pa for a graduate. Applicants should 
be prepared to begin work by 1 
January, 1982. 


Applications giving the names of 
two referees, date of birth and full 
curriculum vitae, should be sent to Dr 
D R Garrod, CRC Medical Oncology 
Unit, Centre Block, Southampton 
General Hospital, Southampton SO9 
4X¥Y,assoonas possible. (9655)A 


REGIONAL CYTOGENETICS 
LABORATORY 
East Birmingham Hospital 


BASIC GRADE 
SCIENTIFIC OFFICER 


Applications are invited for the post 
of Scientific Officer. Experience in 
cytogenetics desirable but not 
essential. Salary range depending on 
experience and qualifications — 
£5,129 to £7,537 per annum. 


Application form and job 
description obtainable from 
Regional Cytogenetics Laboratory, 
East Birmingham Hospital, 
Bordesley Green East, Birmingham 
B9 5ST. Tel: 021-772 4311 ext 4354. 

(9688)A 















DIRECTOR | 
BROOKHAVEN NATION. 
LABORATORY 


Associated Universities, Inc. (AU!) invites applications or nominations: 
for the position of director of the Brooknaven National Laborato 
(BNL) at Upton, Long Island, New York. AUI, a nonprofit corpora 
with headquarters in Washington, D.C., manages BNL for the U: 
Department of Energy (DOE), and the Wational Radio Astronomy 
Observatory for the National Science Fourdation. a 


Brookhaven National Laboratory is a multidisciplinary laborato | 
whose scientific staff conducts basic and applied research in} 


AL 





research and development programs ase designed to assist { 
sponsoring agency (DOE) and other agencies, such as the U.S. Nucile 
Regulatory Commission, by addressing specific problems on their 
behalf. 


Candidates should be either experienced scientists of national stature 
or administrators with successful records of working with scientists, 
and should have demonstrated leadership in scientific affairs. 
Candidates should have an awareness of and concern for national 
needs in scientific research and a familiarity with federal agencies and F 
national groups involved in the conduct and support of scientific: F 
research. | 


Applications or nominations are requested by 13 November 1981. f 
Inquiries, nominations, or applications witherésumés should be directed: $ 


to the President: 


Dr. Robert E. Hugnes, 
Associated Universities, Ine., 
Suite 603, 

1717 Massachusetts Ave., N.W. 
Washington, D.C. 20036. 


AUI is an Equal Opportunity/ Affirmative Action Ernployer. 


ROYAL POSTGRADUATE 
MEDICAL SCHOOL 
(University of London) 


DEPARTMENT OF CHEMICAL 
PATHOLOGY 


Peptide Section 


POSTDOCTORAL 
RESEARCH CHEMIST 
(ORGANIC) 


required to carry out the synthesis of 
novel peptide analogues for structure- 
activity studies. Experience in organic 
synthesis is essential, and an interest in 
applying it to biological problems 
desirable. 


The appointment is for one year in 
the first instance, with a possibility of 
further extension. 


Starting salary within range [A for 
Research and Analagous staff, up toa 
maximum of £7,290 plus £967 London 
Allowance a year. 


Applications with a detailed 
curriculum vitae and the names of two 
referees should be sent to the Senior 
Assistant Secretary, Royal Post- 
graduate Medical School, 150 Du 
Cane Road, London W12 OHS, from 
whom further details may be 
obtained, quoting reference number 
4/217. (9656)A 


: 
: 
| 
| 
| 
| 
| 
| 


(NWSEO}A f 


re 


Southampton 
L THE 
E5) UNIVERSITY 


ri 


INDUSTRIAL ADVISORY 
UNIT IN CRYOGENICS 
Following an award from te 
Wolfson Foundation to set up the § 
above Unit within the Institute: 
Cryogenics, applications a 
invived for the following appoir 
ments: ra 
1. TECHNICAL AND 
PROJECTS MANAGER | 
2. RESEARCH ENGINEER: 
Candidates should have wic 
experience with cryogenic fuie 
in ondustry, and an acth 
research interest in cryogenics 
refrigeration engineerir 
Graduate or professional ai 
fications (eg C Eng) and an abili 
to undertake some teaching a 
required, 
Saleries in range to £12,8 
depending on qualificatior 
and experience. Furthe 
particulars from DA 
Copland, The University, 
Southampton $09 5NR, 
quoting reference no 319/A. f 
(3672A | 








COURSES 





7” (University of London) 


DEPARTMENT OF CLINICAL PHARMACOLOGY 
Royal Postgraduate Medical School 


Catecholamine Workshop 
March 22-26 1982 


Course Organisers: Dr. Morris J. Brown, 
Dr. Peter J. Lewis, Professor Colin T. Dollery 


This Course is intended for 25 participants and will be divided 
equally between invited lectures/seminars and practical 
instruction in methodology. Lecture topics will include the role 
of catecholamines in hypertension, asthma, Parkinsonism, 
obesity, adrenergic receptors in disease, monoamine oxidase 
and its inhibitors, diagnosis of phaeochromocytoma, central 
catecholamines and interrelationship with other neurotrans- 
mitters, assessment of sympathetic activity in man, dopamine, 
and a new look at adrenaline as hormone and neurotransmitter. 


in the laboratory participants will use our radioenzymatic assay 
for plasma catecholamines and a radioligand assay for 
-receptors; HPLC with electrochemical detection and GCMS 
methods will also be demonstrated. 


Course fee (including catering): £375 for overseas students, 
£135 for home students and member countries of the EEC. 
Application forms and further details from: School Office 
(SSC), Royal Postgraduate Medical School, Hammer- 
smith Hospital, Du Cane Road, London W12 OHS. 
Telephone: 01-743 2030 ext 351. 

Closing date for receipt of completed applications: 25 January 
1982. (9668)C 


FEBS ADVANCED COURSES 


No.&2/03. “Membrane Biochemistry: Transport and Bioenergetics” 
Zürich, Switzerland, Z2 March-3 April 1982 


A course of lectures and laboratory sessions, organized by E. Carafoli and G. 


: > Semenza, for 30-35 young scientists. Topics: Molecular architecture and chemical 
| composition of biological membranes; Modern chemical and physical methods for 
[the study of membranes; Theory of passive diffusion and active transport of 


“golutes across membranes; Transport of ions across the membranes of 


< erythrocytes, brush border and basolateral vesicles, sarcoplasmic reticulum, 


‘mitochondria, bacteria, Golgi vesicles and lysosomes. The transport of electrons 


Hl and the synthesis of ATP in energy-transducing membranes will be considered in 
Tio detail, Sections of the course will deal with the isolation of carrier proteins from 


several membrane systems, and with the mechanisms for the regulation of 
membrane-linked processes. Registration fee: SFr. 200. Further info and 


: | application forms (to be returned before 15 November 1981): Prof. E. Carafoli or 
|| Prof. G-Semenza, Laboratorium für Biochemie der ETH Zurich, Universitatstr. 16, 
“8082 Zürich, Switzerland. 


No.82/01. “Biomolecular Electron Microscopy (BIOMOLEM 1982)" 
Ulm, FRG, 25 March-3 April 1982 


-. The course, organized by A. K. Kleinschmidt and G. Klotz, will be conducted at an 
advanced level covering selected methods of biomolecular electron microscopy. It 


- 4. will include specialized lectures, with short communications by participants, and 

- fectures on general topics. Laboratory practical sessions will be on topics of the 
participant's choice, and will include electron microscopy of nucleic acids, protein 
and nucleoproteins, membranes and lipoproteins, and molecular studies in 
biological supraorganization. Course fee, including accommodation and meals: 
“DM 600. Further info and application forms (to be returned by 1 February 1982): 
‘Dr. G. Klotz, Microbiology Department, University of Ulm, D-7900 Ulm, Postfach 


4066, FRG. (9663)C 








: | Royal Postgraduate Medical School 





MOLECULAR 
ENDOCRINOLOGY AND 
TECHNIQUES FOR 
HORMONE ACTION 
21 to 26 February 1982 


Course will consist of lectures in 
methodology with comprehensive 
syllabus covering receptors, gene 
transcription, MRNA and protein 
synthesis, recombinant DNA, 
protein hormones, and cyclic 
nucleotides. 


Co-directors: W T Schrader and 
BW O'Malley. Fee: $265/$195 
(fellows). 


For further information, contact: 
Barbara Gordin, Department of Cell 
Biology, Baylor College of Medicine, 
Houston, Texas 77030. Telephone: 
713-790 6200. Deadline: 1 January 
1981. (NW958)C 


FELLOWSHIPS 


UNIVERSITY 
OF EDINBURGH 
Medical School 


DEPARTMENT OF 
BACTERIOLOGY 
Applications are invited for a 
POST-DOCTORAL 
RESEARCH FELLOW 


for work on a Cancer Research 
Campaign funded project on the 
possible association of cyto- 
megalovirus with various human 
malignancies. 


Candidates should have experience 
in molecular virology or related 
areas. The appointment is offered 
initially for a period of 1 year starting 
as soon as possible. 


Salary on research range 1A £6,070 
to £10,575 pa according to age, quali- 
fications and experience. 


Please write enclosing a full curri- 
culum vitae, with names of 2 referees, 
to Dr Mary Norval, Department of 
Bacteriology, University of 
Edinburgh Medical School, Teviot 
Place, Edinburgh EH8 9AG. Please 
quote reference 5058. (9700)E 


UNIVERSITY OF 
MANITOBA 
MRC GROUP FOR 
ALLERGY RESEARCH 
RESEARCH POSITIONS 
IN IMMUNOLOGY 


Research studentships, assistantships 
and postdoctoral fellowships available 
in areas related to regulation of the 
immune response, immunochemistry 
and membrane phenomenology. 


Applicants should have a back- 
ground in immunology and/or related 
discipline(s). Appointments normally 
for a minimum of 2 years. 


Please send cv and have letters of 
three referees sent directly to Dr A 
Sehon, Head, Department of Im- 
munology, Faculty of Medicine, 
University of Manitoba, Winnipeg, 
Manitoba, Canada R3E OW3. 

(NW947)E 
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UNIVERSITY OF THE 
WEST INDIES 
JAMAICA 


Applications are invited for the 
following post 


1.2 POSTS OF PROFESSOR/ 
SENIOR LECTURER 


in the 
DEPARTMENT OF PHYSICS 


The appointees are expected to con- 
solidate and/or develop the research 
interests of the department especially 
the one(s) which coincide with the 
applicant’s own interests. These 
interests are expected to fall among the 
following which are at present being 
pursued in the department: Atmos- 
pheric Physics; Radio Astronomy; 
Energy Studies; Materials Science 
(Metals and Fibres). It is hoped that 
appointees will take up their posts 
before 31.12.81. 


2. SENIOR LECTURER/ 
LECTURER IN GEOLOGY 


Primary consideration will be given to 
persons with postgraduate qualifica- 
tions in any field of Resources 
Geology. The appointee will be 
required to teach courses in either 
palaeontology and/or sedimentology 
to advanced levels, to participate in the 
Elementary Geology programme and 
to assist in organising and running 
geological field classes at all levels. 
Teaching in other aspects of the 
Department’s programme will also be 
required dependent on the applicant’s 
experience and interests. These include 
Petroleum Geology, Geostatistics and. 
the analysis of geological data and 
may include Geohydrology, Industrial 
and engineering geology. 


Appointment will normally be for 
three years, in the first instance, but 
appointment for shorter periods can 
also be considered. The appointee will 
be required to take up the appointment 
as soon as possible. 


Salary scales: Professor J$22,848 — 
J$28,284 pa. Senior Lecturer J$17,748 
— 21,717 pa. Lecturer J$15,090 — 
J$20,049 pa (£1 sterling = J$3.29). 
FSSU. Study and Travel Grant. Un- 
furnished accommodation or housing 
allowance. 


Detailed applications (2 copies), 
including a curriculum vitae and 
naming 3 referees, should be sent as 
soon as possible to the Registrar, 
University of the West Indies, Mona, 
Kingston 7, Jamaica. Applicants re- 
sident in UK should also send 1 copy to 
the Committee for International 
Cooperation in Higher Education 
Division, 90/91 Tottenham Court 
Road, London W1P ODT. Further 


details are available from either 


address. (9660)E 





POSTDOCTORAL POSITION 


available immediately to study the 
genetics of alkane metabolism by 
Acinetobacter. Experience in modern 
molecular genetics essential. 


Send curriculum vitae and names 
of three references to: Dr W R 
Finnerty, Department of Micro- 
biology, University of Georgia, 
Athens, GA 30602. 


An Equal Opportunity/Affirma- 
tive Action Employer. (NW948)E 


Nature Vol. 293 


UNIVERSITY 
OF LEEDS 


ISOTOPE GEOLOGIST 

_. Applications are invited for a post of 
ad POSTDOCTORAL 
RESEARCH FELLOW 


in the Department of Earth Sciences 
for a fixed term of up to two years. 
The research programme of the 
Isotope Geology Group in the 
Department includes geochronology 
oriented particularly towards 
evolution of metamorphic belts, and 
applications of radiogenic isotope 
geochemistry to petrogenetic 
problems and the present state and 
past history of the earth’s mantle. 
Equiment available includes two 
solid-source mass spectrometers 
(Micromass 30 and Isomass 54) for 
Sm-Nd, U-Pb, Rb-Sr and REE deter- 
minations and two MS10’s for K-Ar 
and 39Ar/40Ar with supporting 
chemical facilities which are 
dedicated to these programs and to 
projects in oceanic isotope geo- 
chemistry. 


The successful applicant will be 
expected to initiate work in one or 
mere of these fields and to colla- 
borate in appropriate current 
projects. Salary within the range 
£6,070 to £10,160 according to age, 
qualifications and experience. 


Informal enquiries may be made to 
Professor J C Briden. Further par- 
ticulars and application forms (if 
desired) may be obtained from the 
“Registrar, The University, Leeds LS2 
9JT, UK, quoting reference number 
49/20/D. Closing date for appli- 
cations 30 November 1981. (9691)E 





THE LONDON HOSPITAL 
MEDICAL COLLEGE 
(University of London) 

DEPARTMENT OF 
PHARMACOLOGY AND 
THERAPEUTICS 
SRC CASE STUDENTSHIP 


Applications are invited from 
graduates in Pharmacology with a 
first or upper second class honours 
degree for an SRC CASE Student- 
ship to investigate the effects of some 
peptides and autocoids on intestinal 
tissue. The research will be super- 
vised by Dr D E Burleigh in 
collaboration with Janssen Pharma- 
ceuticals Ltd. 


The successful applicant will be 
expected to register for a PhD degree 
and the value of the award will be in 
line with regulations governing SRC 
CASE studentships. 


Letters of application, giving 
names and addresses of two referees, 
should be sent to Dr A D’Mello, 
Head of Pharmacology Section, The 
London Hospital Medical College, 
Turner Street, London El 2AD. 
O Enquiries to Dr D E Burleigh or Dr 
A D’Mello — 01-377 8800 ext 10. 

(9683)E 
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UNIVERSITY OF 
MELBOURNE 


RESEARCH FELLOW 
GRADE | 
in the 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited for a full-time 
position which is available from 
January, 1982. The Fellow will be 
expected to take part in studies on the 
biochemistry and physiology of inter- 
action between the cinnamon fungus 
and the root system of Eucalyptus 


species, in collaboration with Dr Bruce 


Grant (Biochemistry Department) and 
Dr Gretna Weste (Botany Depart- 
ment). Applicants should hold a first 
degree in either Science or Agricultural 
Science and have undertaken graduate 
work, preferably to PhD level, in 
either plant physiology, plant 
biochemistry, plant pathology or 
microbiology. 


The initial appointment will be for 
one year. 


Salary within the range $A17,083 — 
$A19,570 per annum. 


Further details regarding the 
position are available from the 
Chairman, Department of Bio- 
chemistry. 


Further information regarding 
details of application procedure and 
conditions of appointment is available 
from the Staff Officer, University of 
Melbourne, Parkville, Victoria, 3052, 
Australia, or from the Association of 
Commonwealth Universities 
(APPTS) 36, Gordon Square, London 
WCIH OPF. Applications close on 
31st October 1981. (9696)E 


UNIVERSITY 
OF BIRMINGHAM 


DEPARTMENT OF 
CHEMISTRY 


RESEARCH FELLOWSHIP 


Starch Chemistry and 
Biochemistry 


Applications invited from chemists 
or biochemists experienced in 
enzymology and/or macromolecular 
carbohydrates for three year 
Fellowship in enzyme susceptibilities 
and component analyses of starches. 
Post supported by grant from 
Ministry of Agriculture, Fisheries 
and Food. 


Object of research is to apply 
existing and develap new analytical 
approaches to starch components 
and to make new enzymic enquiries 
into the modification of starches for 
specialist application including food- 
stuffs. 


Salary on RFIA scale £6,070 to 
£10,575 plus superannuation. 
Maximum starting salary £6,880. 


Further particulars from Assistant 
Registrar, (Sci & Eng), PO Box 363, 
Birmingham B15 2TT, to whom 
applications (3 copies) including 
curriculum vitae and the names of 
three referees should be sent by 
Friday, 30 October, 1981. 


Please quote ref: NF6. (9677)E 


CALIFORNIA INSTITUTE OF TECHNOLOGY 
Invites Applications and Nominations for 


PRIZE POSTDOCTORAL 
FELLOWSHIPS IN THEORETICAL 
PHYSICS AND ASTROPHYSICS 


Several Prize Fellowships will be awarded for postdoctoral study i 
theoretical physics and theoretical astrophysics at the Califor 
institute of Technology. These fellowships, which begin in Fall 138: 
carry annual stipends of $24,000 and, in addition, offer a resear 
expense fund of $3,000 per year. A Richard Chace Tolman Fellows 
of two-year duration, will be awarded on the basis of an internationa i 
competition, and two Bantrell Prize Fellowships, of three-year: 
duration, will be awarded subject to a restriction to Israeli and U.S. 


citizens. 


This prize fellowship program has been established to offer scientists, : t 
















typically within two years of receipt of the PhD, the best possible | 
opportunity to develop their talents. Research will be encouraged in | 
areas in which Caltech’s faculty is currently active: elementary = 1 
particles, nuclei, mathematical physics, gravitation, astrophysics and of 


planetary science. | 


Materials in support of an application or nomination should be sent to = i. 
Professor Rochus Vogt, Chairman, Division of Physics, Mathematics: 

and Astronomy, California institute of Technology, Pasadena, Ca, 1 
91125. These should include curriculum vitae, bibliography of | 
publications and preprints of manuscripts not yet published. The f 
candidate or nominator is requested to ensure that at least three letters. 4 
of recommendation be sent directiy to Caltech. F 


ALL MATERIALS SHOULD ARRIVE AT CALTECH 
BEFORE DECEMBER 1, 1981 


Applicants will be considered without regard to race, religion, color, 4 
sex, national or ethnic origin, or nondequalifying handicaps, i 





and Dentistry 


DEPARTMENT OF BIOCHEMISTRY: 


accordance with existing laws and regulations. (NVVS55)E 
UNIVERSITY ASSISTANTSHIP 
OF BIRMINGHAM : 
Faculty of Medicine UNIVERSITY OF LEICESTER 
| 


DEPARTMENT OF 
PHYSIOLOGY 


RESEARCH ASSOCIATE/ 
FELLOW 


Applications invited for this three 
year MRC funded post, to work on a 


project applying neuropharma- 


cological techniques to a study of the 
functional organisation of the visual 
cortex. Preference will be given to 
candidates with background 
experience in either visual neuro- 
physiology or neuropharmacology 


although candidates with an 


adequate backing in neurophysiology 
will be considered. 


Salary in the range £5,285 — 
£6,880 (with superannuation) 
according to qualifications, age and 
experience. Starting date negotiable. 


Further information from Dr A M 
Sillito, Physiology. 


Applications (three copies) with 
curriculum vitae and the names of 
two referees to Assistant Registrar, 
Medical School, Birmingham B15 
2TJ. Quote ref: RA/Phys/681. 

(9695)E 


POSTDOCTRAL RESEARCH | 
ASSISTANTSHIP ee 
(MRC Funded) 


An immediate vacancy exists for a 
well-qualified Postdoctoral Research 
Assistant to work on the biochemistry _ 
of vertebrate myosin. in its native 
filament form. Standard biochemugal 
techniques are used but the appointee | 
will have the opportunity of becoming _ 
familiar with a range of sophisticat 
biophysical techniques within 
active group, 


The appointment, for one. 
initially, will commence as soon 3 
Ist October, 1981, as possi 
Contact Dr A J Rowe, Department: 
Biochemistry, Adrian Buildin 
University Road, Leicester LE? TRI 

(9614yP 










ACCOMMODATION 


virt dritat atai 


PRIVATE Beach Cottages. E 
tensive coral reefs, birds, tropic 
flora. Snorkel, fish, swim from you 
front door. Discount for scientists: 
student groups. Brochure. Charles: 
F Turpin, Charlotteville, Tobago; — 
West Indies. INWISIS > 


Leen 
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LECTURES 












RESEARCH 
< ASSOCIATE IN 33rd Ciba Foundation 
-MBRANE PHYSIOLOGY Annual Lecture 


Professor Ulf von Euler 
will speak on 
Chemical Neurotransmission 
Yesterday and Today 
on Tuesday 1 December 7981 
at The Cavendish 
Conference Centre 


stdoctoral position available 1 
arch 1982 to study H ion transport 
d intracellular pH regulation with 
microelectrodes and tracers. The 
laboratory is part of an active group 
studying ion regulation in cells. 


= Interested candidates should send 
résumé and three letters of recom- 
: mendation to: Dr Albert Roos, Depart- 
“ment of Physiology, Washington 
University School of Medicine, 660 
South Euclid Avenue, St Louis, 
Missouri 63110. 


Tickets and information from: 
Miss J Holman, 

The Ciba Foundation, 
41 Portland Place, 
London WIN 4BN 

Tel: 01-636 9456 
(9673) K 


vrtini 


s SAn Equal Opportunity/Affirma- 
-tive Action Employer. (NW949)O 
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CONTENTS 

Principles and Instrumentation — A.T. Marshall: 
Preparation of Specimens: Changes in Chemical 
Integrity — A.J. Morgan; Frozen-Hydrated 
Specimens — A.T. Marshall; Frozen-Hydrated 
Sections — A.T. Marshall: Sections of Freeze- 
Substituted Specimens - A.T. Marshall: 
Influence of Specimen Topography on Micro- 
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This is the first book dealing exclusively with 
x-ray microanalysis of biological specimens. It 
not only presents the basic theory and operation 
of the instruments used for producing, measur- 
ing and interpreting x-ray signais, but also 
describes in detail the preparation of bulk 
specimens, sectioned specimens and fluid 
specimens. 


The book includes both qualitative and 
quantitative analysis of biological materials and 
it discusses application of x-ray microanalysis to 
pathology, physiology and cytochemistry. 


Instrumentation is presented in a concise 
manner and methodology in detail. Almost all 
instruments are covered, including TEM, SEM 
and STEM. Instructions are given on how to pro- 
duce, measure and interpret x-ray signals and 
emphasis is given to the aspects of instru- 
mentation that are of practical use. In its 
comprehensive compilation of methods for 
preparing biological specimens the advantages 
and disadvantages of alternate methods are 
discussed. 


READERSHIP: Electron Microscopy, Biology, 
Biochemistry. 

LEVEL: Undergraduate and graduate students, 
researchers and research technicians. 


Send your orders, requests for further 
information etc. to: FRANCES ROACH, 
SCIENTIFIC AND MEDICAL DIVISION, 
MACMILLAN PUBLISHERS LTD., 
HOUNDMILLS, BASINGSTOKE, HAMPSHIRE 
RG21 2X5. 





SCIENTIFIC 


& MEDICAL 


MACMILLAN 
PUBLISHERS 





8 October 1981 





PAAR essere HP JEH 4 rem art fOr bean SIR EAA SOA aiamaa asm yume TUNER MAAR Sati hfe PRR Yo aml MPP at eal 


Essex Street, Landon WC2R ILE. ~ 8 October 1981. 








~ An International Journal 












XICOLO 








Chairman of the Editorial Board 
Professor Roy Goulding 

Human Toxicology 

Macmillan Publishers Ltd 

4 Little Essex Street 

London WC2R 3LF 


Secretary to the Editorial Board 
Professor Paul Turner 
Department of Clinical Pharmacology 
St Bartholomews Hospital 
West Smithfield, London ECLA 7BE 


Editorial Board: 

Professor C L Berry 

Department of Morbid Anatomy 

The London Hospital Medical College 
Turner Street, Whitechapel, London El 


Dr Alan Curry 

Home Office, Horseferry House 
«Dean Ryle Street, London SWIP 2AW 
Professor D S Davies 

-Department of Clinical Pharmacology 


Royal Postgraduate Medical School 
Ducane Road, Hammersmith, London W12 


Dr David Gall 
Chemical Defence Establishment 
Porton Down, Salisbury 


Professor A N P van Heijst 

Rijks Instituut voor de Volksgezondheid, 
Antonie van Leenwenhoeklaan 9, Postbus 1, 
Bilthoven, The Netheriands 


Professor Bo Holmstedt 
Karolinska Institutet, Solaavagen I 
104 01 Stockholm, Sweden 


Professor Louis Lasagna 

Department of Pharmacology & Toxicology 
University of Rochester 

School of Medicine 

Rochester, NY14600, USA. 


Dr A E M McLean 


Dept. of Clinical Pharmacology & Toxicology 


University College Hospital Medical School 
University Street, London WCIE 6JJ 


-Professor E G McQueen 


Departmënt-of Pharmacology 

University of Otago Medical School 
Great King Street, Dunedin, New Zealand 
Mr Frank M Sullivan, 

Department of Pharmacology 


i = Guy's Hospital Medical School 
©- St Thomas's Street 


` London Bridge, SEI 9RT 
< Dr M Sharratt 


Group Occupational Health Centre 


BP, Chertsey Road, Middx. TW16 7LN 


-. Professor D N Wade, 


B Department of Clinical Pharmacology, 
-© University of New South Wales, 

E PO Box 1 Kensington, NSW, Australia 
ot ‘Circle No.41 on Reader Enquiry Card. 





Aims and Scope 

Toxicology is the study of the reactions, both adverse and compensatory, of 
living creatures to noxious materials. The hazards to which man is 
exposed and the manner in which he reacts to them from the moment of 
conception and thereafter throughout life is the subject of Human 
Toxicology. This new journal embraces both animal research, where it has 
a direct significance for man, and studies on man himself. These studies 
may be biochemical, physiological, pathological, clinical and 
epidemiological but will all be designed to increase our understanding of 
the action of noxious substances in the body and of means to counter their 
effects. All papers will be subject to peer review. 
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Six reasons to buy a Multiphor 





Obtain superior electrofocusing results 
for a fraction of the cost and time of 
running older systems. High perform- 
ance electrofocusing lets you analyze 
well over 600 samples per bottle of 
Ampholine with improved resolution 
due to the elimination of thermal gra- 
dients in the gel. 





Produce titration curves of your sample 
mixtures to gain information about sta- 
bility, heterogeneity, interactions, pl, 
and the best pH for purification. 
Simultaneously display the electro- 
phoretic mobility versus pH of every 
component in a single experiment with 
the new Titration Curve Kit. 


- 
ge. 
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Choose between two preparative tech- 
niques. Purify up to gram quantities of 
even crude samples with preparative 
electrofocusing. Alternatively, try pre- 
parative isotachophoresis with its 
stacking principle to get good resolution 
at much lower cost. 


Determine the molecular weights of 
native proteins with high resolution 
using ultrathin-layer gradient gel 
electrophoresis and our new miniature 
gradient former. Or perform conven- 
tional SDS and polyacrylamide gel 
electrophoresis with the original SDS/ 
PAGE Kit. 


When you want the versatility to perform a 
wide variety of electrophoretic techniques, you 
need the Multiphor System. Now with an ex- 
panded range of capabilities, the Multiphor 
provides unparalleled flexibility, superior de- 
sign and complete technical support. 

Chosen by more researchers throughout the 
world than any other, the Multiphor System 
offers unbeatable value for money. 

Isn’t it time to update your present Multiphor 
or to consider adding a second system this year? 
Contact your local representative today and 
discover how little it costs to gain a lot of ver- 


satility. 


Main US sales office: LKB Instruments, Inc. 12221 Parklawn Drive. Rockville, MD 20852. Tel 301-881 25 
dington Road, S. Croydon, Surrey CR2 8YD, England. Tel. 01-657 


UK sales office: LKB Instruments Ltd., 232 Ad 
= — rs i fiAdio F: Hong Kong 


Results 5 and 6, courtesy of Dr. Ange 





Quantitate proteins by Laurell rockets 
or run any popular immunoelectro- 
phoretic technique. The new Mini 
Electrophoresis Kit costs only half the 
price of the original kits yet gives you 
everything you need to get started with 
agarose and immunoelectrophoresis. 





Map complex protein and peptide mix- 
tures with two-dimensional electro- 
phoresis. Combine high performance 
electrofocusing in the first dimension 
with ultrathin-layer gradient gel 
electrophoresis in the second, using the 
latest procedure developed by Gorget.al. 
and the new 2-D and Gradient Gel Kit. 
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CONTENTS 
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ture of the Leech Nervous System (B. Payton); Sensory Cells 
and Motor Neurons (S.E. Blackshaw); Synapses and Synap- 
tic Transmission (K.J. Muller); Neural Circuits Generating 
Rhythmic Movements (G.S. Stent, W.B. Kristan, Jr.): 
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APPENDIXES 


Killing Single Cells (I. Parnas); Immunological Identification of Specific Neurons (B. Zipser, S. Hockfield. 
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October 1981, 320 pp., illus., bibliography, appendixes, index 
Cloth $36 ($43.20 outside US) 


P.O. Box 100N 
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COLD SPRING HARBOR LABORATORY 


Cold Spring Harbor, New York 11724 


A coherent account of the structure, physiology, chemistry, and development of the 
nervous system in a simple invertebrate—the leech. The various chapters, authored by 
leading experts, describe how, in the stereotyped ganglia of this animal, it is now possi- 
ble to study individual nerve cells in detail, determine their functions, and follow the 
connections that give rise to coordinated behavior of the animal as a whole. Designed 
for readers interested in modern approaches to the analysis of the nervous system at the 
cellular level, including its behavior, development, regeneration, and plasticity, this 
book is an excellent supplemental text for courses in integrated and behavioral 
neurobiology and invertebrate zoology. It should appeal to everyone interested in 
neurobiology, developmental and cell biology, and zoology. 





Leech ganglia (drawing by Retzius, 1891} 
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The FACS 400 Series is the newest 
family in the FACS tradition of ad- 
vanced Fluorescence Activated Cell 
Sorters. The FACS 440, incorporating 
the very latest instrumental advances, 
is the new designation of the FACS IV 
System which was introduced in 1978 
as the world's first generally available 
computer-based cell sorter. It is now 
the flagship of the 400 
Series, which includes 
the FACS 400, 420 and 
440. 


Modular Design 

Major new capa- 
bilities are added by 
modular upgrading at 
each level of the FACS 
400 Series. This versa- 
tile design enables 
the creation of the instrument best 
suited to research needs at any time. 
To a basic FACS 400 System at lowest 
cost, those options and accessories re- 
quired in present work can be added. 
Later addition of other options will 
then involve minimum time lost. The 
design also enables future expansion, 
by modular upgrading, to create a 
FACS 420 or 440. 


Advanced Applications 

The Fluorescence Activated Cell 
Sorter (FACS"™) has become a power- 
ful means of identifying and separat- 
ing cells and cell constituents ac- 
cording to distinctive properties of 





~. 





FLUORESCENCE and SIZE. FACS 
makes possible multiparameter mea- 
surement of individual cells, providing 
the distribution of these measure- 
ments in a sample. Evaluation against 
operator-selected criteria, at rates to 
5,000 cells per second, forms the basis 
for physical separation of viable sub- 
populations. FACS measurements 
have been docu- 
mented for sensitivity 
to as few as 3,000 
fluorescein molecules 
per cell. Light-scatter 
measurements are 
sensitive to particles 
as small as 0.3 micron 
in diameter, and can 
be used to detect via- 
bility, without stain- 
ing, in homogenous 
populations such as lymphocytes. 
Since the introduction of the first 
FACS Cell Sorter, the number of instru- 
ments in use and their contributions to 
active research have steadily acceler- 
ated. FACS analysis is now a major 
research technique in cancer immu- 
nology, hematology, pathology, bio- 
chemistry, general immunology, and 
quantitative cytology. Potential 
research applications range over 
virtually all biology and medicine. 


Proven Standard of Comparison 

The instruments of the FACS 400 
Series incorporate standard features 
of proven importance from earlier sys- 
tems and have many newer features 
which are the direct result of user 
feedback during our eight years of 





ANNOUNCING THE 400 SERIES 


experience. FACS instruments are ac- 
cepted as the standard of comparison 
for quality, performance and reliability, 
and are in daily use in top research 
laboratories around the world—in 

the United States, Europe, Japan, 
Australia, and elsewhere. 


New FACS Analyzer 

A companion instrument, the 
FACS Analyzer, is now available to 
measure individual cells simultane- 
ously for FLUORESCENCE intensity 
and color (using mercury-arc illumina- 
tion) and for SIZE (as measured by 
electronic volume). Although not a cell 
sorter, the Sensor Unit of the FACS 
Analyzer is available for use with any 
existing FACS electronics console and 
is an option to the FACS 400 Series. 


For additional information, including 
an extensive bibliography, please 
call or write Becton Dickinson FACS 
Systems. 


se FACS Systems 

490-B Lakeside Drive 

Sunnyvale, California 94086 

(408) 738-8558; TWX 910 338 2026 
Antwerpse Steenweg 277 

2800 Mechelen, Belgium 
015/29.01.43; Telex 846 72096 
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S&S REPORTS—Proaducts and technology for genetic engineering 








Basic Tool of the + Art: 
Nitrocellulose 


Research in hybridization and recombi- 
nant DNA technology has already yielded 
practical results in diagnostics, pharmaceu- 
ticals, and in the chemical and food indus- 
tries. S&S products are now being used 
in key research techniques to develop new 
microbes that have advanced the applied 
field of fermentation biotechnology. For 
example, S&S BA85 nitrocellulose is widely 
used to screen bacterial lawns for specific 
DNA—containing colonies (shown left). 

Typically, S&S products have helped 
establish the applications of DNA/RNA 
hybridization technology. For example— 
screening for genetic diseases such as sic- 
kle cell anemia has become a faster, surer 
procedure. Or, an improved identification 
technique is now under development for 
detecting the toxins produced by disease- 
causing bacteria. 

S&S products helped develop the 
microbes used by pharmaceutical compa- 
nies to make interferon, insulin and 
human growth hormone. And, the use of 
genetically altered microbes in the produc- 
tion of alcohol for fuel is now being 
explored. 

To learn more about S&S products for 
genetics research, request Bulletin #301— 
“Products for Nucleic Acid and Protein 
Research!’ 
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FOR DNA AND RNA END LABELING PROTOCOLS 
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tRNAPMS oe = 
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Figure 4. Purified 5° p2p] 
tRNA (0.4 ug: 4 x 10° DPMiug) 
was incubated a second 
time in the presence (track 8) 
or absence frack A} of 10 
units of BRL® T4 Poiynucieo- 
tide Kinase for 30 minutes at 
37°C in reaction buffer (25ul; 
50mM Tris HC} pH 9.0. 40mM 
MgCl, 40 mM DTT, imM 
spermine). The incubation 
was terminated by the oddi- 
tion of 25 ul of 10 M ureal2mM 
EDTA, 0.05% of xylene cyanol 
XC}, and brompheno! blue 
(BPB). Afer heating the mix 
ture to 90°C for one minute 
and quenching on ice, an 
aliquot (10 yi} was analyzed 
ina 10% acrylamide gel but- 
fered with 400mM Tris-boraie 
(pH 8.3), 8.3 M urea, and 
2mM EDTA. On completion of 
electrophoresis (at 5660°C) 
the gel was exposed to X-ray 
film overnight at ~20°C. 


RNAP 
[y2P] - ATP 





Y 
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T4 Polynucieotide Kinase from BRL is subjected to the most 
stringent quality control assays of any commercial supplier. 
BRL® 14 Polynucleotide Kinase is assayed for both: 

* deoxyribonucleases, and 

e ribonucleases 


However, the most convincing evidence of BRL® T4 Poly- 
nucleotide Kinase quality comes from its daily successful per- 
formance in the DNA and RNA sequencing reactions carried 
out in the BRL laboratories. 


indeed, RNA sequencing reactions demand the highest level 
of freedom from interfering ribonucleases. BRL® T4 Poly- 
nucleotide Kinase meets this level of quality, as shown in the 
following experiments: 


e BRL® T4 Polynuctleotide Kinase caused no detectable 
degradation of 5' [2P] -tRNAPre during a second 
extended incubation under non-exchange conditions 
(Figure 4). 


¢ Ribonuclease T4 {G specific) digestion of BRL® 14 Poly- 
nucleotide Kinase labeled tRNAP™®! showed the 
sequencing ladder predicted from the literature’*. No 
secondary bands due to contaminating ribonucleases 
in either the T4 polynucleotide kinase or ribonuclease T4 
enzymes were detected. 


References: 


4. Rajbhandary, U. L. and Chang, S. H. (1968) J. Biol Chem. 243: 598. 
2. Wurst, R, Maxam, A. and Vournakis, J. (4978) Biochem. 17; 4493. 





Product BRI No. Size Quanti Price 

BRL® Tå 

Polynucleoctide 8004SA 100 units each $ 55.00 
| Kinase 8004SB 500 units each 210.00 





Technical Questions: BRL welcomes ali questions concern- 
ing the performance of BRL® T4 Polynucleotide Kinase. 
Please call the Technical Services Department at (800) 


BRL 





Bethesda Research Laboratories, Inc. BRL GmbH 
Customer Service Department Offenbacher Strasse 143 
Toll Free: (800) 638-8992 6078 Neu lsenburg 
in Maryland: (301) 840-8000 West Germany 


P.O. Box 577 Gaithersburg, MD 20760 Telephone: 06102/3206 
Telex: 908750 BRL GARG Telex: 417699 BRL NID 


For more information, circle No. 06 on the Reader Inquiry Card. 
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Figure 2. 5' C?P}-1RNAPhe (0.5 
ug; 2x 40° DPMizg) in reac 
tion buffer (Sul; 25 mM 
sodium citrate pH §.0,65M 
urea, 0.05% XC, and BPB) 
was digested with BRL® 
RNAse T4 (2 units—track A; 0 
units--track Bi for 45 minutes 
at 55°C. The reaction mixture 
was then heated to 90°C for 
one minute, chilled on ice, 
and analyzed in a 10% 
acrylamide ge! as des- 
ctibed in Figure 4. Noted 
above are cleavage posi- 
tons from the 5‘ end of 
tRNAPHS, 
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Amersh: m offeis 
"end labelling kits 
which give you: 


Convenience 
All the reagents needed to label DNA in one kit. 








Flexibility M 
Amersham’s kits are available with or without 

cordycepin 5'-[a-32P]triphosphate for maximum p- 
economy of label. 


Efficiency 
Labels all 3 types of 3'-end — protruding, blunt and 
recessed. mams: 


Simplicity 
Few pipetting steps. 
Easy to handle volumes. 


Quality 

All batches of our kit are subject to rigorous quality 
control. A copy of the autoradiograph, obtained 
after labelling the standard DNA provided in a 
standard reaction, is supplied with each kit. 


PB.4025 Non-radioactive reagents + 2504Ci cordycepin 5’- [a-34P| triphosphate 
g H f 


sufficient for 5 standard 3 -end labelling reactions tan ki 
PB.4100 Non-radioactive reagents + 1mCi cordycepin 5’-|a-3?P| triphosphate, 

sufficient for 20 standard 3°-end labelling reactions 

N.4005 Non-radioactive reagents only -sufficient for 5 standard 3°-end labelling 

reactions 

N.4020 Non-radioactive reagents only - sufficient for 20 standard 3 -end labelling SE 
reactions 


Please call Amersham or your local representative 
for further details of our kits. 





Amersham International Limited, Amersham, England Telephone 024 04-4444 

in the U.S.A. and Canada. Amersham Corporation, Illinois 60005 Telephone 312-364-7100 
and 800-323-9750 (Tollfree: 

in W. Germany, Amersham Buchler GmbH & Co KG, Braunschweig Telephone 05307-4691 
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=e Switzerland 
{Rest of Europe 


Nature Vol. 293 15 : October 1981 


eHow Britain 
runs its Science 

eHow the US 

runs its Science 


These two new Nature 
walicharts are now 
available. 


The 2 x 3 ft. guides offer a 
comprehensive survey of the 
administration of science in 
Britain and the US, showing the 
interlocking relationship 

between science, engineering and 
medical establishments. 

Designed as fold-out sheets, the 
wallcharts can be carried easily to 
meetings or hung as posters for 
permanent reference. 

The new 1981 walicharts are 
available at £3.50 or $7.95 each 
from Nature’s offices in London, 
Basingstoke and New York. 








Annual Subscription including Index (51 issues) 
UK & Eire 
USA & Canada 

| Belgium Airspeed only 

West German Airspeed only 
-Netherlands Airspeed only 
Airspeed only 
Airspeed only 

Rest of Worid Surface 
Rest of World* Airmail 


*(not USA, Canada & Europe) 


Personal subscription rates are available in some 
countries to subscribers paying by personal 
cheque or credit card. 


Details can be obtained from: 

UK: Nature Promotion Department, 

| Canada Road, Byfleet, Surrey KT14 7JL 
Telephone: Jonathan Earl: Byfleet (09323) 41459 


USA: Mature, 15 East 26 Street, New York, NY 10010 
Credit card orders only (in USA & Canada): 
Call toll-free: (800) 824-7888 (Operator 246) 
In California: (800) 857-7777 (Operator 246) 


Back issues: (Post-paid) UK, £2.50; USA & 
Canada, US$6.00 (surface), US$9. 00 (air); Rest of 
World, 3 .00 (surface), £4.00 (air). 


| Nature Binders: 
Single Binders: UK, £4.00; Rest of World, $10.00 
| Set{s) of 3. Binders: UK, £10.00; Rest of World, $25.00 
` Nature First Issue Facsimile: 
UK, 75p; Rest of World (surface), $1.50, (air), £2.00 
Nature Annual Indexes (1971-1980): 
Price (post-paid): 
UK, £5.00 each; Rest of World, $10.00 
Nature Directory of Biologicals 
" (Hardcover edition) (to be published late 1981) 


| UK, £20.00; Rest of World, $45.00 


Nature Walicharts: 
How Britain Runs its Science; How the US Runs 
its Science; UK, £3.50; USA, $7.95 each 


Nature in Microform: 

For Information: 

UK: UMI, 18 Bedford Row, London WC2R 4EJ 

| USA: 300 North Zeeb Road, Ann Arbor, Mi 48106 


Orders (with remittance) to: 

Nature, Macmillan Journals Ltd., 

Brunel Road, Basingstoke, Hants RG21 2XS, UK 
Tel: (0256) 29242 Telex: 858493 








| Multiple immunoglobulin switch 





H Bodenmiitiler 


Conserved amino acid sequence of a , 
& H C Schaller 


neuropeptide, the head 
activator, from coelenterates to humans 
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C2 synthesis by human monocytes K Whaley, D Lappin 


is modulated by a & T Barkas 
nicotinic cholinergic receptor 
Extracellular phospholipase A, P Vadas, S Wasi, 
H Z Movat & J B Hay 


mediates inflammatory hyperaemia 


I R Kirsch, J y Ravetch, 
S-P Kwan. E E Max, 
R L Ney & F Leder 


D Barra, F Bossa 
& M Brunori 





region homologies outside the 
heavy chain constant region locus 


Structure of binding sites 
for heterotropic 


effectors in fish haemoglobins 587 . 
Demethylation of CpG sites in C Manes & P Menzel a 
DNA of early rabbit trophoblast _ 589. 
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Authors should be aware of the diversity of Nature’s readership and should strive to be as widely understood. 
as possible. 


Review articles should be accessible to the whole readership. Most are commissioned, but unsolicited reviews are: a 


welcome (in which case prior consultation with the office is desirable). 
Scientific articles are research reports whose conclusions are of general interest or which represent substantial ~ 


advances of understanding. The text should not exceed 3,000 words and six displayed items (figures plus tables): - S 


A draft abstract (50 words) is required. 

Letters to Nature are ordinarily 1,000 words long with no more than four displayed items. The first pigidh. 
(not exceeding 150 words) should say what the letter is about, why the study it reports was undertaken and what 
the conclusions are. 


Matters arising are brief comments (up to $00 words) on articles and letters recently published in Nature. The K a 


originator of a Matters Arising contribution should initially send his manuscript tothe author of the original 
paper and both parties should, wherever possible, agree on what is to be submitted. 


Manuscripts may be submitted either to London or New York (decisions being mace only in Landon). 
Manuscripts should be typed (double spacing) on one side of the paper only. Three-copies are required, each 
accompanied by copies of lettered artwork. No title should exceed 80 characters in jength. Reference lists, figure 
legends, etc. should be on separate sheets, all of which should be numbered. Abbreviations, symbols, units, ete, 
should be identified on one copy of the manuscript at their first appearance. 


References should appear sequentially indicated by superscripts in the text and should be abbreviated according 
to the World List of Scientific Periodicals, fourth edition (Butterworth 1963-65). The first and last page 
numbers of each reference should be cited. References to books should clearly indieate the publisher and the 
date and place of publication. Unpublished articles should not be formally referred to unless accepted or 
submitted for publication, but may be mentioned in the text. 


Each piece of artwork should be clearly marked with the author’s name and the figare number. Original 
artwork should be unlettered. Suggestions for cover illustrations are welcome. Original artwork (and one copy 
of the manuscript) will be returned when manuscripts cannot be published. 

@ Requests for permission to reproduce material from Nature should be accompanied by a self-addressed 
(and, in the case of the UK and USA, stamped) envelope. 





New versatility in polyacrylamide gel electrophoresis 


Basic PAGE technique has now expanded to include many ™ 

successful modifications of the methodology. Performance 

of all of these PAGE techniques and coverage of all stages 

in the procedures demands a highly versatile equipment sj 
system. Look to Pharmacia for a system : 
of unrivalled versatility and reliability. 







A 72 page book gives complete 
Polyacrylamide 


methodologies and 
“recipes” for the 
many electrophoretic 
techniques which 
can be performed 
using the equipment 
shown here. 


Two size options in electrophoresis apparatus, each with variable 
buffer circulation and high efficiency cooling, are complemented by 
a reliable power supply. 


-~ 
. 


~ High and Low Molecular Weight Calibration Kits 
are available for convenience in molecular weight 
t estimations. 





Complete your 





work by de- Cast your own gels or 
staining and choose from a range of 
drying with ready made gradient 
reliable, gels for simple, repro- 
matched ducible high resolution 
equipment. work, 
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Improvements in isoelectric focusing 


New concepts of high voltage focusing and volthour integration added to 
significant improvements in carrier 
ampholytes and agarose support media 
have made Pharmacia the new leader in 
IEF technology. Pharmacia’s System has 
been designed with one aim—to extend 
the scope of this high resolution 
technique. 






The 3000 volt power supply ECPS The Flat Bed Electrophoresis apparatus FBE 3000 


3000/150 gives you more speed combines the latest design features, including 
and resolution with your IEF work. ~œ f outstanding cooling capacity, for IEF, preparative 
Digital display of volts, current or IEF and immunoelectrophoresis with minimum 
power gives you more control and investment. 


ease of operation. 


The Volthour Integrator VH-1 monitors and displays 

elapsed volthours—the clearest parameter of an IEF ~~ Pharmalyte® carrier ampholytes, 
experiment. Now record, report and repeat your — Agarose IEF and Seph adex® IEF 
work with high precision. Mig are specially formulated 
The Pharmacia pl Calibration Kits allow to give you improved 
easy and accurate determination of pH results at analytical or 
gradients. preparative scale. 
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No other commercially available cell 
sorter and analyzer approaches the 
power, precision and versatility of the 
Ortho Systems 30/50. The instrument is 
offered in two basic configurations: Sys- 
tem 30—a high resolution, 21 parameter 
analytical flow cytometer, and System 
50—which adds cell sorting capabilities 
to the System 30 flow cytometer. Both 
feature dual lasers as standard equip- 
ment for increased analytical power. 
System Components 

To appreciate the far-reaching capa- 
vilities of these Ortho instruments, con- 
sider that the System 50 combines: two 
lasers—a .8 milliwatt helium-neon for 
ultra high precision scatter measure- 
ments and a 5 watt argon type for 
fluorescence measurements (optional 
argon-ion, and krypton-ion lasers with 
U.V. capability are available); four 
detectors—two of the photo-multiplier 
type for right angle scatter, and fluor- 
escent emission detection (S-20 
response, 185 nm-850 nm), and two 
solid state sensors for axial light loss and 
narrow angle forward scatter: a sophisti- 
cated optical system incorporating fiber 
optics: a multiplexed multichannel ana- 
lyzer, with C.R.T. display: the signal 
processor unit: and an advanced cell 
sorter module. Additionally, the Model 
2150 computerized 8 parameter data 
handler/sorter controller is available as 
an option” The 2150 System features 


System 50H with optional argon ion 
and krypton ion lasers installed. 


SYSTEM 50H 
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FLUORESCENCE INTENSITY 





2. Histogram of CHO chromosomes stained for 
D.N.A. Ethidium Bromide/Chromomycin A,. 


Cytofluorograph System 50H Laser-250mw @ 
457nm. Red Fluorescence 


HUMAN 


LYMPHOCYTES 


[S PHASE) 


CHICK NUCLE! 
MARKER 


2. Histogram of human lymphocytes utilizing 
a chick nuclei marker for standardization and 
stained for D.N.A. with Propidium Iodide. 
C.V. = 1.65% (Human Lymphocytes) 










simultaneous data acquisition, and real 
time processing while sorting is in 
progress 

System Capabilities 

Together, these modules allow the 
System 50 to provide and analyze mot 
phological information—a significant 
first for a flow cytometric instrument 
With four detecters and the ability to 
display pulse height, pulse area or pulse 
width analysis for each—a total of 21 
distinct measurement parameters can be 
studied. 

The System 50 also features: two bi 
dimensional regions of interest. dual his- 
togram multi-channel analyzer with 
cytogram mode, super-sil quartz optics 
with which the ceils are analyzed and 
easy sample entry 

In order to provide customers with 
complete support, Ortho maintains an 
Applications Laboratory that is avail 
able for confirmation and consultation 
services. Additionally, an international 
network of service technicians is ready 
to aid customers should calibration o1 
repairs ever be required 
Remarkable Results 

The histograms and cytograms dis- 
played were procuced by the Sys- 
tem 50. Evaluate them. And consider 
the difficulty of Geriving this data by any 
other means. The capabilities of this 
unique Ortho inscrument will speak for 
themselves. 







your local representative or write: 
Ortho Diagnostic Systems Inc., 410 
University Ave., Westwood, Mass 
02090. (617) 329-6100 


For additional! information contact 


% Ortho Diagnostic Systems, 
g 
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‘THE WORLD'S FIRST 
HYBRIDOMA SYSTEM. 





If you work with hybridomas, \ a ji What’s more, M.A. 


you probably deal with two or Bioproducts completes the 
three different suppliers. By the system with the Hybri- 

time you order every thing Clonal™ EIA screening kits 
from plates to media, you’ve that Kirkegaard & Perry have 
wasted hours, and it never designed precisely for mono- 
arrives at the same time. clonal antibody needs. 

Now M.A. Bioproducts has They use Peroxidase- 
developed a revolutionary new labelled Affinity Purified 
way — The Hybridoma System. Antibodies to minimize back- 
It gives you everything you ground and false positives, 
need to start producing your while increasing sensitivity. 
own hybridomas with pre- Kits are available for detection 


screened materials and reagents. 


.DMEM (4.5 g/L glucose) 
.HT Supplement .Ficoll- 
Hypaque Mixture .NCTC 109 
Medium .Fetal Bovine Serum 
.Polyethylene Glycol (PEG) 
.8-Azaguanine .L-Glutamine 
-Hybri-Clonal™ EIA screen- 
ing kit (Kirkegaard & Perry) 
.Plastic flasks, petri dishes 


and multiple well plates (Costar). 


There’s never been a 
hybridoma service like this be- 
fore. And it’s just the beginning 
of what M.A. Bioproducts does. 
Pre-screened reagents 
mean a higher yield. 

Because lot to lot variability 
(particularly in animal serums) 
can affect the growth of mam- 
malian and hybridoma cells, 
M.A. Bioproducts pre-screens 





of IgG, IgM or both classes of 
antibody-producing clones, 
without cross reactivity with 
human IgG. Results can be 
screened visually or 
spectrophotometrically. 

The Hybridoma System 
will clearly change the scope of 
your work— making it more 
successful, more convenient 
and less expensive. So call 
M.A. Bioproducts toll free 
(800) 638-8174. 

You won’t have to call 
anyone else. 


References: 

Goding, James W. (1980) Antibody 
Production by Hybridomas, 
Journal of Immunological Methods, 


39, 285-308. 
all reagents specifically for your work. Kennett, Roger H., McKearn, Thomas J., and Bechtol, Kathleen 
So you'll get greater antibody yields at a lower cost than B. (1980). Monoclonal Antibodies —Hybridomas: A New Dimen- 
ever before. And you won’t have to waste your own time, sion in Biological Analyses, Plenum Press, New York. 
reagents or supplies by prescreening yourself. McKearn, Thomas J., Personal Communications. 


( M.A.BIOPRODUCTS 


Making The World’s Most Advanced Technology Simple. 








v 
A Unit of Whittaker Corporation, 
Building 100, Biggs Ford Road, 
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Monoclonal Antibody 
SCREENING SYSTEMS 











for murine immunoglobulins 


they save time — 

The ELISA method employed yields a 
rapid and dramatic color development 
in the presence of positive clones. It’s 
faster than conventional RIA and can 
be used with visual, manual spectro- 
photometric, or fully automated 
processing. 


They avoid trouble — 

Our reagents are pretested and opti- 
mized in each screening system to 
prevent unwanted variables from 
spoiling your results. 


They’re complete and 


ready to use - 

Detailed protocol and specific titer 
information are provided with the 
pretested components: 
Enzyme-conjugated second antibody 
Color development agent 

Dilution buffer 

Washing buffer 

Substrate buffer 


Our technical bulletin illustrates how 
easy it is to use the ELISA method. 
Send for it. 





NE 











Horseradish Peroxidase 
Sheep F(ab’). anti-mouse Ig - 
Horseradish peroxidase 
conjugated, 1ml 
o-Phenylenediamine, lyophilized 
Dilution, washing and substrate buffers 
NEI-601 (~ 10,000 assays) 

Goat anti-mouse Ig — 

Horseradish peroxidase 
conjugated, 1m! 
o-Phenylenediamine, lyophilized 
Dilution, washing and substrate buffers 
NEI-602 (~ 20,000 assays) 


Alkaline Phosphatase 
Sheep F(ab’), anti-mouse lg- 
Alkaline phosphatase 

conjugated, Iml 

p-Nitrophenyl phosphate, lyophilized 
Dilution, washing and substrate buffers 
NEI-603 (~ 10,000 assays) 

Sheep anti-mouse lg- 

Alkaline phosphatase 

conjugated, 1ml 

p-Nitrophenyl phosphate, lyophilized 
Dilution, washing and substrate buffers 
NEI-604 (~ 20,000 assays) 


Not for use in humans or clinical diagnosis 
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New England Nuclear 


949 Albany Street, Boston, Massachusetts 02118 


Call toll free: 800-225-1572 Telex: 94-0996 
(In Massachusetts and International: 617-482-9595) 


In Europe: NEN Chemicals GmbH, D-6072 Dreieich, W. Germany, Postfach 401240, Tel. (06103) 85034, Telex 4-17993 NEN D 
NEN Canada: 2453 46th Avenue, Lachine, Que. H8T 3C9, Tel. 514-636-4971, Telex 05-821808 





Polynucleotide Kinase From P-L... 
Since 1974, Used By More Researchers 


Than Any Other 





More researchers have used and NET, ness of P-L PNK is shown in Preparation: Solution of nearly homo- 
referenced P-L polynucleotide kinase iie this photograph of an auto- geneous protein in 50% glycerol contain- 
(PNK) than any other. They prefer its = radiogram from a RNA se- ing 0.02 M potassium phosphate, 0.025 M 
high activity, proven nuclease-free qual- quencing experiment. E. coli SS KCI, 0.01 M 2-mercaptoethanol, and 10-7 
ity, and economy. = ribosomal RNA was 5'-end M ATP (pH 7.0). 

P-L Biochemicals developed the first a labeled with 2P-ATP in the Activity: Not less than 15,000 units per 
commercially available PNK in 1974. $B © presence of P-L Cat. No. 0734 mg protein. One unit cetatuses the 
Since that time, it has gained such high ac- om is PNK and repurified on a poly- transfer of one nanomole phosphate to 
ceptance that it has become the standard ~“ acrylamide gel. The figure the 5'-OH end of a polynucleotide from 
for functional purity. Most biochemists __., Shows the electrophoretic pat- (y-32P)-ATP in 30 minutes at 37°C. 
and molecular biologists acknowledge tern obtained from a T, - ee 
that P-L PNK is the best. nuclease digestion of the labeled Contaminating enzymes: Trace or no 

l _ 24 5S RNA as described in a recent detectable hydrolysis of supercoiled plas- 

P-L polynucleotide kinase was assayed = 23 P.L Analects article on RNA se- mid DNA, ['4C]poly(U), or ['*C]poly(dT). 
by the Richardson method using DNA = =?" quencing. The success of the Specific contaminating assay data are 
substrate prepared according to the pub- @=); labeling step with PNK is provided in the certificate of analysis that 
ished procedure, along with PNK from "underscored by the fact that the accompanies each lot of enzyme 


showed the highest activity at the lowest 
unit cost (P-L Analects Vol. 9, No. 4). Re- 
searchers have learned that because of this 
high level of activity and purity, they are 
getting more efficient end labeling at a bet- 
ter value with P-L PNK. 


An example of the quality and useful- 


gel pattern indicated G residues 
only at the correct positions 
from the 5'-end of 5S RNA. 


P-L PNK Summary 

Cat. No. 0734 polynucleotide 
kinase (2.7.1.78) (T4-infected 
E. colt) 
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1510 M13 CLONING/ 
SEQUENCING KIT 

Contains M13mp7 RF, £. coli 

strain K12 JM103, T4 DNA 

ligase, Klenow fragment of & co// 
DNA polymerase, universal deoxy- 
oligonucleotide primer, single-strand 


oor \ ae È 


M13mp7 (+) DNA and sufficient buffers 


Package sizes: 100 units (200 Richardson 
units); 500 units (1000 Richardson units). 


For more information contact: 
P-L Biochemicals, Inc., 1037 West 
McKinley Avenue, Milwaukee, WI 53205. 
Call toll free (800) 558-7110. In Wis. call 
collect (414) 347-7442. 





A new, faster way to 
clone or sequence 


From an innovative company, P-L Biochemicals, comes an 
innovative cloning kit. It incorporates the unique, rapid 
system developed by Dr. Messing*, which allows 

cloning and sequencing in one operation. This makes 

it faster and more convenient than prior cloning 
procedures which require many more steps. 


Besides saving time, the P-L M13 Kit offers high 
reliability. Reliability that comes from the 


high quality dideoxynucleotides and 


enzymes produced by P-L Biochemicals, 
and the single-strand universal primer*. 


This primer offers the advantages of 


less stringent annealing conditions and 


higher specificity. 


The P-L M13 Kit is without equal, a 


reliable timesaver from an innovative 
company. Call or write today for full 


information. 


* Messing, J. et al., Nuc. Acids Res. 9,309 (1981). 


-Hry d 
x 


P-L Biochemicals, GmbH 
Postfach 51, 5401 ST. GOAR, West Germany 
Telefon: (06741) 1515, Telex: 42308 PLBIO D 


In the United Kingdom distributed by: Windsor Laboratories, Ltd. 
Bedford Ave. Slough, Berkshire, SL1 4RU United Kingdom 


and reagents for 100 dideoxynucleotide 
sequencing reactions. 
Prices: 1 kit $225." 5 kits $1,000.* 


*Product must be shipped cold. Insulated container 
and refrigerant charge — $10. May require air freight. 





Circle No.63 on Reader Enquiry Card. 


Remember 
TRF, LRF, SOMATOSTATIN? 


Now we are proud to announce that 


H—Ser—Gin—Glu—Pro—Pro—lle—Ser—Leu—Asp—Leu— Thr—Phe—His—Leu—Leu—Arg- 


Glu—Val—Leu—Glu—Met—Thr—Lys—Ala—Asp—Gin—Leu—Ala—Gin—Gin—Ala—His 
ser—Asn—Arg—Lys—Leu— Leu—Asp—lle—Ala—NH. 


a 41 amino acid peptide, the 4th of the releasing factors, and 


SAUVAGINE 


Pyr—Gly—Pro—Pro—lle—Ser—lile—Asp—Leu—Ser—Leu—Giu—Leu—Leu—Arg 
Lys—Met—Ille—Glu—liie—Glu—Lys—Gin—Glu—Lys—Glu—Lys—Gin 
Gin—Ala—Ala—Asn—Asn—Arg—Leu—Leu—Leu—Asp—Thr—lle—NH. 


a 40 amino acid peptide of the same family, both releasers of ACTH and the 
Endorphins, had their structures recently disclosed, and are now available. 


Please send for extensive BACHEM... 


biologically active peptide list in preparation FINE CHEMICALS 


3132 Kashiwa Street 
Torrance, California 90505 
'W. Vale, J. Spiess. C. Rivier, J. Rivier—Science. Vol. 213. 18 September, 1981 Page 1394 (213) 539-4171 
? P, Melchiorri, L Negri—Regulatory Peptides, 2 (1981) 1-13 TWX 910-347-7320 
Eisevier—North Holland Biomedical Press 
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Go with 


The NEW carrier for immobilization electroneutral, hydrophilic matrix with electroneutal. covalent bin 
of biomolecules for biocatalysis ding mechanism 
and affinity ch romatography. high binding capacity due to high epoxide group content 


macroporous structure with a low water uptake 

high mechanical stability for large-scale industrial processes. Ex 
cellent flow properties and good filtration and centrifugation cha 
racteristics 

high chemical stability of the matrix and of the bonded ligands 
water uptake independent of pH and. ionic strength (from pH 0—14) 
capability of reacting with low-molecular weight ligands in water 
or In organic solvents 








your real choice! 
Qa > 


Please send more detailed informations about 
EUPERGIT to 


name 


Röhm Pha 


>MBH WEITERSTADT street 
Postfach 4347 
D-6100 Darmstadt 1 
West-Germany 


city 





TM = Trade Mark 


Country 
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Printing Counter/Timer 


16 individual parallel inputs 
microprocessor based 


(ee Pa OS RE De EX Be PA EX KA BA EA Te ) 
EEE A A a 
ot Be ot Ok oa te 


* Prints results in programmable intervals (1 to 
99 min.) or on demand. 


* Prints clock time: hours, min., sec. 


*Counts pulses or contact closures from 16 
sources. 


* 99999 counts capacity in each channel 


* Totalizes time from 16 individual inputs with 4 
msec. resolution. 


* Prints individual labels for each source. 
* Stores information on magnetic tape. 
* Functions as general purpose microcomputer. 


We are looking for representatives 











T COLUMBUS INSTRUMENTS 
———————————————— 


950 N. HAGUE AVE 
COLUMBUS, OHIO 43204, USA 
PHONE (614) 486-6176 TELEX 2469614 








14 sure bets at 
2:1 odds. 


BIOSIS/CAS SELECTS 


BioSciences Information Service (BIOSIS) and 
Chemical Abstracts Service (CAS) are working 
together to bring you 14 new current awareness titles. 

Each topic In biochemistry, physiology, and phar- 
macology is searched on both data bases, providing 
combined coverage of over 15,000 serials annually. 
Every 2 weeks, subscribers receive a new issue con- 
taining up to 250 abstracts and content summaries on 
the BIOSIS/CAS Selects title of their choice. Complete 
current awareness at a price you can afford: 
$100/ year for 26 issues (higher overseas). That's 
$3.85/issue. Small stakes for the right information 
return. 

For further information check the topic(s) of your 
choice, provide your 





Name —____ Title 
Organization 
Street Address 
State/Country —————————— Postal Code 


And Return to: 
BIOSIS USER COMMUNICATIONS + 2100 ARCH ST. + PHILADELPHIA, PA 19103 








Automatic “Open Field”’ 
Animal Activity Meter 


Size: 1m x 1m 


* Works on infrared beams principle (15 x 15 
beams) 

* Separate sensors for horizontal and vertical 
movements (rearings) 

"Plots pattern of animal movements on x-y 
plotter 

* Digitally measures and prints out distance 
animal travels. 

* Separates relocations from scratching 

* Apple-|| computer interface available 


T COLUMBUS INSTRUMENTS INTERNATIONAL CORPORATION 
7 950 N. HAGUE AVE., COLUMBUS, OHIO 43204 U.S.A. 


EB KLN D T C CR 


PHONE: (614) 488-6176 TELEX: 246514 
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ALLERGY & ANTIALLERGY 
BIOCHEMISTRY OF FERMENTED FOODS 
BIOLOGICAL CLOCKS 

CANCER IMMUNOLOGY 

ENDORPHINS 

GERIATRIC PHARMACOLOGY 
HISTOCHEMISTRY & CYTOCHEMISTRY 
IMMUNOCHEMICAL METHODS 
INTERFERON 

MAMMALIAN BIRTH DEFECTS 
PEDIATRIC PHARMACOLOGY 

PLANT GENETICS 

SCHIZOPHRENIA 

TRANSPLANTATION 
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General Editors: 


~ TOPICS IN MOLECULAR 
& STRUCTURAL BIOLOGY 


WATSON FULLER, 


Department of Physics, University of Keele. 


STEPHEN NEIDLE, 


Department of Biophysics. King’s College, London. 


TOPICS IN MOLECULAR AND STRUCTURAL 
BIOLOGY is a major new series which is aimed at 
emphasising interest in three-dimensional 
structure ~ the feature which most obviously 
characterises molecular biology as a discipline. 


Each volume will focus on a particular family of 
biological macromolecules or a well-defined area of 
structural interest. The contributions will be chosen to 
reflect the wide range of physical and chemical 
techniques which characterise contemporary 
approaches to problems in molecular biology. 


The. aim will be to highlight topics of high current 
interest rather than to provide a text with uniform and 
comprehensive treatment of the field. 


The contribution that this series will make in 
encouraging interest in three-dimensional structure 
willbe clearly derived from a broad experimental base. 
Descriptions of more speculative model building and 
conformational analysis will certainly not be excluded 
but there will be a major emphasis on identifying the 
assumptions which limit their significance. 


The need to place such studies in some perspective 
would seem to be particularly timely since the rapidly 
increasing availability within many laboratories of high 
. speed computers with good quality graphics can be 
expected to stimulate a great deal of work in this area, 


es 


The general level of treatment in this series is aimed at 
research workers in molecular biology and related 
fields. The major emphasis is on the results which 
have been obtained and the significance which should 
make these volumes of particular value to workers in 
cognate areas of applied biology and medicine. 
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What sł 


The fallout from President Ronald Reagan’s budget-cutting 
exercise has been spread more or less uniformly across the 
Administration on the general principle that all discretionary 
expenditure — that not decreed under legislation — should be cut 
by 12 per cent. The National Aeronautics and Space 
Administration, most of whose expenditure is discretionary, has 
been by comparison dealt with leniently — its budget is to be cut 
by only 6 per cent. Yet the exercise on which the space 
administration is now engaged — egged on by Mr David 
Stockman’s henchmen — is bound to be more painful than in 
many other agencies. For much of the agency’s spending, 
although technically discretionary, is inescapable. Other 
agencies, the Department of Defense in particular, will fiercely 
complain if the much-delayed shuttle programme is further held 
up. As elsewhere, the space agency also has longstanding 
commitments to its establishments and (less permanent) to the 
people who work in them. So when the cuts have been made — a 
decision is promised for November — the chief casualties are 
likely to be precisely the parts of the space agency’s programme 
that have been affected by previous attempts to keep the federal 
budget in check. Space science is the most vulnerable. 

The defence of space science is not, of course, a popular cause 
at this stage in the financial year. Congressmen are likely to be 
more acutely conscious of the complaints of their constituents 
than of the long-term value of the planetary exploration on which 
the space agency has been engaged in the past few years. The 
abolition of subsidies for school meals will certainly have a wider 
impact than the threat to the space agency’s plans for the 
remainder of this decade. Yet the issue is not as simple as it seems 
— esoteric exploration contrasted with the claims of the needy. 
For there is now a danger that the reductions of the space agency’s 
budget are cutting near the bone. Already the agency has been 
compelled to abandon its promised part in the venture with the 
European Space Agency to send a pair of satellites in a polar orbit 
about the Sun. Now there is talk — mercifully only talk — of 
cancelling the remainder of the Voyager missions, which would 
entail that no notice should be taken of whatever they record near 
Uranus and Neptune. And since (again mercifully) it seems to be 
agreed within the agency that the Large Space Telescope must be 
launched as soon as possible, the future for the Galileo mission (to 
put a complicated satellite carrying a range of planetary probes 
into an orbit about Jupiter) must now be in serious trouble. 

But why should that matter? That is what the people from the 
White House will be saying. The date fixed for launching Galileo 
(1985 or 1986) is plainly a movable feast. And will not J upiter be 
there for many decades to come? The snag is that the effects of the 
decision are by no means as simple. For one thing, at least one 
substantial institution — the Jet Propulsion Laboratory at 
Pasadena in California — must already be wondering how it will 
keep itself busy in the thin years ahead. (The Large Space 
Telescope is to have its own terrestrial laboratory in Maryland.) 
The obvious danger is that if the laboratory is too far truncated in 
the months ahead, the capacity of the United States to return to 
planetary exploration later in the decade will be impaired. 
Reducing the federal budget deficit is a proper national priority, 
but should that be allowed to jeopardize other objectives that the 
United States has enthusiastically embraced in the recent past? 

How, in these circumstances, should the agency go about the 
painful job ahead? The outstanding irony is that the sum of 
money it has to save — $357 million out of this year’s budget — is 
a small part of the cost of ploughing on with the development of 
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ould NASA do now? 


_the shuttle. The first successful flight of Columbi 
notwithstanding, and although there can be no denying the 


interest of other agencies in a successful outcome of the project, 
few would now insist that this intended workhorse of the United: 
States space programme will be a fully fledged concern inthe near. 


future. So the most obvious course to follow is the course that 
should have been followed more than a year ago — there should = 


be a serious examination of the outstanding problems of the ae 
shuttle and, if need be, a serious reconsideration of how best to 
accomplish the laudable goals that the agency has set for itself, 
That way, the agency could save the Administration money 
without harming the rest of its programme. It might even save its 
own bacon. 


When the slump is over | 

The longer the recession drags on, the more natural it is that 
people should ask whether it will ever end. But the question is 
unproductive — logically, it is like asking when the world will 
adjust to the increased price of oil and then guessing whether, 
when the adjustment has been made, the price of oi! will increase 
again. Better instead to ask what the industrialized world may be 
like when the indices of economic growth become positive again. 
To the extent that many of the governments dedicated to tight 
monetary policies seriously intend that the consequences should 
include new patterns of industry, the question is moreover not 
idle. Most of these governments hope that newer industries, 


loosely called electronic, will be more prominent in the eventual a 
mix. So will the clouds lift to reveal everybody workingeither with © 


electronic equipment or on its manufacture (software included)? 
The short answer is that the world will not be like that, Some of the 
reasons have been well put in, or can be read between the lines of 
the sixth of a series of reports on the information industry 
published by the Organization for Economic Cooperation and 
Development (OECD)*. 

The truth is that people cannot eat or drink electronic 
equipment, shelter beneath it or even (except in the most 
conceptual sense) use it for travelling about. Even in the past 
decade, when the variety and quality of electronic equipment on 
the markets of the West has turned most shopping streets into 
Aladdin’s cave, purchases of these wonders by consumers have 
not substantially increased as a proportion of all personal 
expenditure. Comparisons between countries are complicated by . 
the difficulties of definition, and most of the figures are in any 
case out of date. But between 1950 and 1978, in West Germany, 
the proportion of consumer expenditure on electronic equipment 
actually declined, to between 6 and 7 per cent of all consumer _ 
expenditure. In the United States (using a broader definition of 
“‘information’’ and related activities), the proportion of 
consumer expenditure on such activities is stagnant at about 17 
per cent. In Japan, the equivalent proportions are larger and stil! 
growing. But everywhere, consumers’ priorities are more or less 
unaffected by the coming of the electronic revolution. Housing 
and household goods come first, food and drink second and 
travel third. It will be a long time before the information 
industries catch up. 

Inevitably, then, the OECD report concludes that there is as yet 











*information Computer Communications Policy 6, Information Activities, 
Electronics and Telecommunications Technologies Vol. | (OECD, Paris, 1981}. 
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no evidence that the electronic revolution has had an important 
influence on the volume of consumer demand. For the time being, 
ordinary people are more concerned to buy themselves what they 
regard as the necessities of life than the new-fangled equipment 
they see in the shops. The implications are straightforward. At 
least while prosperity is constrained by the recession, the products 
of the information age will have to make their way in the market 
by displacing other goods from consumers’ budgets. And even 
when prosperity returns, people will go on wanting houses to live 
in and food to eat. People with ambitions to sell a domestic 
computer to every household will have to make their sales at the 
expense of other commodities — and probably at cut-throat 
prices. Only over much longer periods of time, perhaps as 
people’s habits change under the influence of travel costs, are 
these priorities likely to change. Inevitably, electronic 
manufacturers will find that demand for their products increases 
rapidly as the recession draws to an end, but even then they will 
not be able to capture more than a comparatively small share of 
what consumers spend. 

Why then are manufacturers of electronic equipment 
irrepressibly optimistic? The simple explanation is that there is 
every reason, even now, why business and manufacturing 
industry should use electronic and information-processing 
equipment to simplify and cheapen their operations. Especially 
because restrictive monetary policies have often had the effect of 
increasing the cost of employment, the substitution of people by 
electronic machines is likely, in the months ahead, to gather pace. 
Already there is telling evidence of the magnitude of the savings 
that can be made. In the Japanese colour television industry, for 
example, output increased by a quarter between 1972 and 1976, 
while the numbers of people employed on making them decreased 
by 40 per cent. For the past several years, there has beena running 
argument, in which trade unions have played an important part, 
about whether new developments in electronics will lead to 
permanent and irremediable unemployment. It seems now to be 
well-established that this need not be the outcome. To the extent 
that the information industry cheapens industrial costs and 
ultimately the costs of goods and services to consumers, demand 
for novel products should increase and opportunities should be 
created for more employment. The trouble is that re-employment 
is likely to lag behind unemployment, people’s capacity to find 
new jobs is compromised by their lack of training and, in any case, 
there is little prospect that new jobs will materialize if new 
industrial investment is at a low ebb. Quite properly, OECD 
shades the conventional wisdom that increased automation is an 
opportunity and not a threat with the sombre reflection that this 
may not be the case in the years immediately ahead. Equally 
properly, it argues that further restrictions of the length of the 
working week will hinder, not help, if the result is to make one 
country less able to stand up to external competition. 

Nobody can tell, as things are, how much of unemployment in 
Western Europe and North America can be blamed on the doings 
of the electronics industries in the past few years. The OECD 
guess is that the proportions are still only small. Monetary 
policies, whose effects are broadly calculable, are sufficient to 
account for what has been happening. But this may change when 
the dole queues lengthen. And since consumers will continue to 
spend a substantial part of their incomes on their traditional 
priorities, there will not in the end be a lot of slack to be taken up 
by entirely novel industries. So what will be the consequence? 
Most obviously, not all the governments now seeking to foster 
domestic electronics and information industries can hope they 
will succeed. For better or worse, international trade ensures that, 
especially in these new fields, competition is effective. 
Government delegations to Tokyo can hope to blunt the edge of 
competition temporarily, but such advantages cannot persist. It is 
a better strategy to plan for a reasonable chance of success — the 
provision of more and better training for example (which the 
British government, for one, is shockingly neglecting). 
Communities that lose in this competition will find it necessary to 
produce, instead of hardware and software for the new industries, 
traditional goods and services that other people want to buy. 


0028-0836781 £420500-01 301 00 


Paradoxically, for some the most noticeable effect of the changes 
in the pattern of industry will be the need to grow or to process 
more food. 


Cheers for neurobiology 


Did somebody use his influence with the Nobel Committee in 
Stockholm to ensure that the announcement of this year’s prizes 
in physiology and medicine should appear on the eve of next 
week’s jamboree of the American Society of Neuroscience in Los 
Angeles? Certainly it should further serve to enliven what is 
usually an ebullient meeting that the prize should have gone to 
three distinguished neurobiologists —- Dr David Hubel and Dr 
Torsten Wiesel for their mapping of the structures of the visual 
cortex and to Dr Roger Sperry for his several distinguished 
contributions to the understanding of the brain. The Nobel 
citation of his work with animals in which the two hemispheres of 
the brain have been separated, which first helped to make possible 
an understanding of hemispheric specialization, and which has 
also forged links between nervous anatomy on the one hand and 
psychological and clinical studies on the other, is only one of those 
that might have been chosen. And nobody, of course, disputes the 
importance of what Hubel and Wiesel have jointly and separately 
accomplished; their work is both monumental and, more 
generally, most probably a guide to other architectural principles 
in the brains of vertebrates. Everybody will be glad that so much 
has at long last been recognized. 

As in previous Nobel seasons, however, there are also regrets. 
With the best willin the world, the Nobel committees cannot hope 
to practise absolute fairness. In the old days, indeed, it seems that 
the search for judicial impartiality was tinged with more than an 
element of partiality — R.M. Friedman’s account of the troubles 
over Einstein’s prize in 1921 (see Nature 292, 793; 1981) is a 
compelling account of how the old committees saw the world their 
own way. Nowadays, given the temper of the scientific 
community, the rapid spread of the news of discovery and the 
recognition of the importance of the prizes as such, those involved 
with the selection process most probably do do their utmost to be 
fair. Yet the decisions are still puzzling. If Hubel and Wiesel 
deserve a prize in 1981, for example, why could this not have been 
recognized several years ago, when the importance of what they 
had accomplished was already plain — and when the freshness of 
their work, if quickly recognized, might have been even more 
stimulating for others? And how, in any case, did the Nobel 
committees distinguish between this work on the visual cortex and 
that of V.B. Mountcastle, who was the first to demonstrate 
columnar structures in the somato-sensory cortex? 

Fine distinctions such as these are never easy. They inevitably 
contain an element of rough justice. And there is every reason to 
expect that recipients of the prizes will go out of their way, 
whenever that is appropriate, to acknowledge what others have 
independently accomplished in similar fields. The problem is one 
for the Nobel Foundation (and for those who advise it); certainly 
it should not be a difficulty for the recipients. Its essence is that 
some way should be found of tuning the impact of the Nobel 
prizes more accurately to the present climate in the scientific 
community without putting at risk the value of the prizes as 
stimuli to chosen fields of investigation and as marks of 
honourable achievement. Several ways in which the foundation 
might change its ways are obvious, of which the most urgent 1S 
that the exclusive terms of Alfred Nobel’s will should not be taken 
too literally (see Nature 287; 668; 1980). Fortunately there are 
rumours that some reform along those lines is in the wind. 
Awarding prizes in part at least to institutions would also help, 
but perhaps the most glaring anomaly to have emerged since the 
beginning of the century is that the numbers of prizes awarded 
have not kept pace with the growth of the profession, even with 
the now almost invariable practice of awarding prizes to a group 
of people, not a single individual. The solution may be to go even 
further along this road, for there is a long way to travel before the 
currency could be debased by being too plentiful. 
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Officials urge 
withdrawal of 
US support 


Washington 

The future of the United Nations 
Environment Programme (UNEP) has 
been placed in jeopardy by the decision of 
top officials in the US State Department to 
recommend withdrawal of all US funds for 
the programme from the beginning of 
October. Environmentalist groups and 
others are lobbying hard to prevent the 
State Department from officially 
endorsing this position, since the $10 
million which the United States contributes 
annually to UNEP is about a third of its 
total budget. 

The budget cuts are a direct result of 
President Reagan’s decision three weeks 
ago to demand an immediate across-the- 
board cut of 12 per cent in so-called 
discretionary spending for all federal 
agencies. 

A resolution passed by both the House 
of Representatives and the Senate at the 
end of October — the stop-gap measure 
needed to ensure that government depart- 
ments continue operating even though 
their budgets for the fiscal year 1982, which 
starts on 1 October 1981, have not yet been 
agreed to — contained a 12 per cent cut in 
the $215 million allocated for voluntary 
contributions to international funds by the 
State Department. Documents apparently 
drafted by officials of the Office of Inter- 
national Organizations recommend that, 
rather than distribute these cuts across all 
agencies funded out of this budget 
category, the reductions should be made by 
completely eliminating contributions to 
particular funds. 

Among those recommended for elimi- 
nation is the $7.5 million which was to have 
contributed to the Interim Fund for 
Science and Technology, set up following 
the UN Conference on Science and 
Technology for Development in Vienna in 
1979. There seems little likelihood that this 
contribution will be rescued, partly 
because there is no significant constituency 
in Washington lobbying for the Interim 
Fund. The outlook is equally bleak for two 
other contributions, one for a Trust for 
South Africa, the other to support UN 
activities in Namibia. 

The proposal to cut UNEP funding 
could run into stiffer opposition. Repre- 
sentative Don Bonker, chairman of the 
human rights and international organi- 
zations subcommittee of the House of Rep- 
resentatives Foreign Affairs Committee, 
has already written a letter of protest to Mr 
Elliot Abrams, Assistant Secretary of State 


for International Organizations, and is 
to meet Mr Abrams this week. One of 
the points which Mr Bonker is expected to 
make is that a move which could eventually 
lead to the dismemberment of UNEP as an 
independent agency could have re- 
percussions for the United States not only 





in its relations with other industrialized 
nations, such as Sweden, which support the 
programme, but also with developing 
nations. UNEP, based in Nairobi, Kenya, © 
is the only UN agency to have its > 
headquarters ina Third World country, 00 

David Dickson 


Patents to mean slow publication? 


Washington 

The fear that merely submitting a 
manuscript to a scientific journal for 
possible publication could jeopardize the 
chance of obtaining subsequent patent 
protection in some European countries has 
prompted four US federal agencies to 
require notification of any potentially 
patentable research results at least three 
months before they are submitted for 
publication. 

This rule is the result of a circular issued 
by the Office of Management and Budget 
(OMB) in July suggesting how it might 
apply the terms of a new patent law, cover- 
ing federally sponsored research carried 
out In universities and small businesses, 
passed by Congress at the end of last year. 
The rule has already been adopted by the 
Department of Energy, the Department of 
Defense, the National Aeronautics and 
Space Administration and the Environ- 
mental Protection Agency. 

The proposed rule has already created a 
storm of protest from the US research 
community, which claims that, by 
threatening to deny a scientist patent rights 
to a discovery if the procedure is not 
followed, it could seriously impede 
scientific communication. 

In its final form, to be issued by OMB 
before the end of the year, the bill is likely 
to be at best a compromise between 
scientists who feel that they should be free 
to try to get a scientific discovery into print 
as soon as possible, and federal 
administrators who fear that excessive zeal 
to publish could jeopardize foreign patent 
rights. 

The July circular from OMB says that all 
federal agencies will have the option of 
requiring those scientists they support to 
notify the agency of patentable reserch 
three months before a manuscript is 
submitted for publication in a professional 
journal. According to OMB’s Office of 
Federal Procurement Policy, agencies 
favouring this requirement feel that it is 
necessary to assure protection of foreign 
patent rights, particularly when national 
security interests are involved. But the 
National Science Foundation (NSF) and 
the National Institutes of Health (NIH) 
have already indicated that they have no 
intention of exercising this option, leaving 
scientists to inform their funding agencies 
of results at the same time as they submit 
them for publication. 

Dr Howard W. Bremer, patent counsel 
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for the Wisconsin Alumni Research 


Foundation — one of the most successful | 


university-based licensing groups in the a 
United States — claimed that the OMB 


statement that merely submitting research 
findings to a scientific journal represented. 


a form of disclosure that could act as a 
statutory bar in some Eurapean countries 
to later patenting was “wholly without 
foundation’’. 

Mr James Denny, assistant counsel for 
patents at the Department of Energy and 
chairman of the interagency group 
responsible for drawing up the proposed 
regulations, disagrees. The problem would 
not apply in the United States, where a 
patent can be applied for up to one year 
after publication of research results, but 
under the new patent rules introduced by 
the European Economic Community, 
scientists might be unwittingly forfeiting 
their chances of a European patent. : 
= At NIH, plans are already being drawn 
up to implement the government’s new 
patent policy, which is essentially an 
extension to all universities and small 
businesses of the Institutional Patent 
Agreements which individual agencies such 
as NIH and NSF had previously negotiated 
with a limited number of research 
universities. 

There are other worries resulting from 
the new patent laws. Several members of a 
subcommittee of the Advisory Committee 
to the Director of NIH, looking at co- 
operative research relationships with 
industry, have expressed concern about the 
condition proposed by OMB that for 
research jointly funded by the federal. 
government and a private sponsor, the 
patent should remain the property of the 
government, however small its contri- 
bution to the research, 

If rigidly interpreted this might scare off 
potential corporate supporters, but OMB’s 
associate administrator Mr Fred Dietrich 
says that the provision would be invoked 
only where their had been a clear transfer 
of potentially patentable ideas, for 
example from a scientist working on the 
federally sponsored part of a project toone 
working on the corporate-sponsored part. 
All of which suggests that researchers wil} 
certainly have to keep meticulously 
detailed records of who paid for the various 
aspects of their work. 

As a result of the new patent law, NIH 
will in future require anyone receiving a 
grant to sign an agreement stating that one 


@ 198) Macmillan Journals Led 








502 






of the conditions of the award is that the 


agency be informed promptly if any poten- . 


tially patentable results emerge from the 
research. David Dickson 


EEC science policy 


Grand Plan to flop? 


Brussels | 

The European Commission is preparing 
a grand strategy on the European 
Community’s research policy for the 1980s 
which is to be the basis of a Council of 
Science Ministers on 9 November . 

The policy paper, which is still under- 
going revisions, has been put together 
under the direction of Viscount Etienne 
Davignon, the European Commissioner 
who has the main responsibility for sci- 
entific affairs in Gaston Thorn’s Com- 
mission. Davignon has chosen to continue 
with the basic priorities that have been the 
staple diet of past community policies: 
energy research, particularly fusion and 
nuclear safety, environmental protection, 
raw materials and the coordination of 
indirect action programmes. 

There are some changes though. 
Davignon wants to bring together under his 
direction all of the Community's research 
and development programmes, including 
agricultural research, research and 
development for the use of developing 
countries and data processing. Some see 
these proposals as examples of Davignon’s 
ambition, but he seems more concerned with 
creating more efficient administration. 

Davignon intends to do away with many 
of the advisory and expert committees 
which clutter up the decision-making 


process. But to achieve greater flexibility in 
decision-making, Davignon suggests that 


the Council of Ministers should set up a 
standing committee. 

The council in November will consider 
fixing the Community’s research activities 
up to 1986. To this end, Davignon suggests 
a budget which would progressively 
increase by 2 per cent a year. This is well 
below the inflation rate in any of the ten 
member countries and thus represents a 
decrease in expenditure; however, it bears 
comparison with expected increases in 
national research budgets. 

Davignon will be pushing for increased 
expenditure in a few fields. He would like 
more spent on nuclear fission research and 
industrial innovation. In this he has the 
support of the two other commissioners 
involved, the German Karl-Heinz Narjes 
with responsibilities for industrial inno- 
vation and nuclear safety, and the English- 
man Ivor Richard who has responsibilities 
for education and social affairs. Davignon 
is especially keen for the Commission to 
take a lead in promoting nuclear safety 
research in areas not covered by national 
programmes. The aim would also be to 
lessen public mistrust of nuclear power. 

The French, having taken a decision to 
go ahead with the old regime’s nuclear 
power programme and increase the entire 
national research budget, will probably 
support the new plans. The rest of the 
Community is doing its utmost to reduce 
public expenditure in all fields. There are 
strong signs that some governments regard 
community research as a luxury — for 
example, the Dutch want to reduce their 
direct contribution to the EEC research 
centre at Petten. Jasper Becker 


UK universities redundancy plans 


As the vice-chancellors 


1982~83. Others do not enjoy that luxury. 


of British 
universities struggle to draw up a national 
redundancy scheme for academics, more 
universities are estimating the number of 
posts that will have to go over the next 
three years. Many hope that economies 
for the current year can be made by 
cutting recurrent expenditure, by 
voluntary redundancy and by early 
retirement schemes. They plan to stave 
off compulsory redundancies until 


The universities of Stirling and Aston 
in Birmingham, for example, both 
among the most severely penalized, 
expect to move quickly. Stirling’s 
problems are complicated by the low 
average age of its academics, which 
means that there are few candidates for 
early retirement Among the less heavily 
cut, however, there are also some 
surprises. The University of Bristol, for 
example, says it must lose 400 posts over 
three years, 150 of which it have to be met 


Estimates of full-time post losses at selected universities 


University Academie 

Bristol 259 

Hull 110 
Sussex 78 
Aberdeen 3OO-- 380” 
City 60 (3143 
Aston 140 (6003 
Stirling 60 (2601 
Salford 200 
Bradford 150-180 (498) 
Exeter 71) (500) 


Non-academic Total no. of existing posts 


141 3,500 
100 2,000 
157 1,272 

* 2,696 
90 _ aban 
300 2,000 
120 1,100 
300 1,300 
auld 1,900 


Figures in parentheses give the current number of academics. 


*tncludes both academic and non-academic posts. 
+Academic, clerical and technical pasts. 
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Energy in France 
Small change 


President Mitterrand’s honeymoon 1s 
over. His government won the vote in the 
National Assembly last week for a large 
nuclear power programme (six new 
reactors to be begun in the next two years), 
but only at the cost of opening up divisions 
in the Socialist Party and calling into 
question its electoral promise of ‘‘a new 
politics’’ of energy. 

M. Paul Quilés, socialist deputy for 
Paris and author of the party’s electoral 
energy report, has been trounced; and a 
member of ex-President Gisacard’s party 
described the new energy policy as similar 
to Giscard’s — only with less courage. 

On just one point, M. Quilés won a 
concession: the restarting of construction 
at the reactor sites where work was 
“frozen” a few months ago, pending the 
definition of government policy. Before 
these sites are reopened, local authorities 
will be consulted. 

However, the affected local authorities 
— at Cattenom, Golfech, Chooz, Civaux 
and Le Pellerin — will have to move fast. 
They have less than a month to say yes. If 
they say no, the decision will move up to the 
regional assembly concerned. If, within the 
same month, this assembly cannot agree or 
choose a new local site, the decision reverts 
to parliament and government — which 
then have to decide if the construction is in 
the essential national interest. If it is, the 
reactor goes ahead regardless. 

There are other differences between the 
Giscard and Mitterrand plans. Giscard 
wanted to start eight reactors at 1,300 MW 





by compulsory redundancy. 

The vice-chancellors’ plan to draw up 
national guidelines for compulsory 
redundancy is hampered by the large 
variety of contracts of employment for 
academics. They hope to have more 
concrete proposals after their next 
committee meeting at the end of the 
month. But any plan will not be 
welcomed by the Association of 
University Teachers (AUT), the 
academic trade union, which does not 
acknowledge the need for compulsory 
redundancy. AUT is prepared to fight 
cases in the courts as soon as they arise, 
saying that it will contest decisions to sack 
academics even before individuals have 
been named. In that case, arguments will 
rest on independent assessments of a 
university’s finances and the conditions 
of employment for academics laid down 
in its charter. 

The accompanying table gives the 
number of full-time equivalent jobs that 
the universities estimate will have to be 
lost over the next three years. Some 
estimates are firmer than others, but few 
at this stage show how many posts can be 
lost voluntarily. Judy Redfearn 
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and one at 900 MW in 1982-83. But since 
then, Electricité de France has revised 
downwards its electricity demand 
projections for 1990. The new 
government’s target of six 1,300 MW 
reactors and one 900 MW reactor is 
commensurate with the new projections, 

More identifiably new are proposals for 
public and regional consultation over 
nuclear decisions, and the establishment of 
several new energy committees. But, in the 
end, power seems likely to rest firmly at the 
centre. 

There will be an ‘‘observatoire de 
l’energie’’ at the Ministry of Industry, to 
act as an information bank; a ‘‘regional 
energy agency’ under each Assemblée 
Regionale; and adversary, representative 
local information commissions set up on 
each power station, reprocessing or fuel 
assembly site. 

The regional energy agencies will also be 
representative — consisting mostly of 
elected members, together with some 
union, public and interest group 
representation — and their first enormous 
task will be to prepare a full regional energy 
plan. These councils will consider local 
economic, demographic and geographical 
factors and devise a plan of action — 
including a politics of information, 
research, development and financial 
support. 

Other plans outlined are for the National 
Assembly to. set up an office of technology 
assessment and for a permanent delegation 
for energy at the assembly, to consider 
matters of safety and security. The expert 
Conseil Supérieur de la Sûreté Nucléaire 
will be reinforced and its composition 
*‘modified’’. 

On the remaining nuclear questions — 
reprocessing and the fast breeder — the 
French government is allowing itself only a 
little more time. Construction to double 
the capacity of the existing plant at Cap de 
la Hague is due to begin next March; and in 
the interim a special scientific commission 
will investigate all questions concerning 
reprocessing (including the poor 
functioning of the present plant), and 
report to government and parliament. 
Superphénix, the commercial demon- 
stration fast reactor at Isére, will be started 
up; but decisions on the commercial 
development of the fast breeder will be 
deferred to 1984-85. 

Meanwhile, Quilés and his many 
erstwhile followers in the socialist party 
feel let down. Although none goes quite as 
far as M. Michel Rocard, leader of a 
socialist party faction and previously a 
contender for the presidency. “What’s 
happening to the party is an historical 
scandal’’ a Paris paper reported him as 
saying last week. ‘‘Never in the 
international workers’ movement — 
including Lenin’s time — has there been 
such an attempted internal putsch so 
cynical and so empty of principles.’’ M. 
Rocard, it seems, was not referring solely 
to energy policy. Robert Walgate 
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Keyworth takes on health risks 


Washington 

In a small but potentially significant 
realignment of Washington responsibili- 
ties, the new director of the Office of 
Science and Technology Policy, Dr 
George (Jay) Keyworth, has agreed to be 
the chairman of a group which is being 
established to coordinate the scientific 
aspects of federal policy on safety, health 
and environmental! regulation. 

Under the Carter Administration, this 
coordination function was carried out by 
the Interagency Regulatory Liaison 
Group (IRLG). Chaired by the then 
administrator of the Environmental 
Protection Agency, Dr Doug Costle, 
IRLG provided a forum in which federal 
agencies could coordinate their efforts on 
common or overlapping problems. In 
1979, for example, IRLG published a 
report on the scientific bases for 
identification of potential carcinogens 
and estimation of risks prepared by a 
working group with representatives of 
four regulatory agencies and headed by 
Dr Eula Bingham, then head of the 
Occupational Safety and Health 
Administration. This group agreed that 
any substance shown to cause cancer in 
laboratory animals should be treated as a 
potential human carcinogen. 


Conflicts of interest 


Tighter controls 


Washington 

Leading research universities across the 
United States are suddenly having to 
tighten up the rules which cover potential 
conflicts of interest between the academic 
and commercial activities of individual 
research workers. Their efforts stem from 
the growing need to order the complex web 
of relationships caused by the rapidly 
increasing ties between university and 
corporate research efforts. 

In most cases, the demand for tighter 
conflict-of-interest rules has come from 
within the universities. Two weeks ago, for 
example, the faculty council of Harvard 
University agreed to recommend to the full 
faculty a new set of procedures which 
would establish a Faculty Committee on 
Conflicts of Interest. If adopted, the 
procedures would, for the first time, 
require certain faculty members to disclose 
details of their outside commitments, as 
well as formally restricting such 
commitments to 20 per cent of their time. 

There has also been pressure for stricter 
control from outside. In California a 
federally-funded public interest group, 
California Rural Legal Assistance 
(CRLA), has demanded that research 
workers at the University of California 
should no longer be exempt from a law 
requiring all state officials to disclose their 
economic interests. Last Monday the 


T aici 





The new heads of the regulatory | 
agencies, appointed by Mr Reagan, have | 
adopted a substantially different) 
approach to their mandate, emphasizing] 
ways of cutting back on health and 
environmental regulation rather than 
adding to it. They have decided to jet 
IRLG disappear, but they have agreed to) 
support a new group, provisionally | 


entitled the Interagency Science/Health| 


Coordination Group, chaired by the) 
President’s science adviser, Dri 
Keyworth. 
Dennis Prager, OSTP’s assistant | 
director for life sciences and institutional 
relations, explained that the working 
group set up under Vice-President George 
Bush to look at ways of reducing the 
burden of regulation on private industry 
had recognized the need for both a 
scientific contribution their discussion 
and for continued interagency 
coordination, and had felt that “‘the best 
way to do that was to upgrade the inter- 
agency council and give it more clout by | 
being chaired by Jay Keyworth.” Mr | 
Prager said that the group would be trying | 
to strengthen the scientific basis for 
regulatory decisions and develop 
methods of risk assessment. : 
David Dickson 





state’s Fair Political Practices Commission 
agreed that CRLA’s staff should look into 
alternative regulations for university 
employees. 

The debate on how a scientist should 
strike a reasonable balance between his or 
her teaching and research commitments to 
the university and those as consultants for 
outside companies is not new to US 
academic life. However, it has been givena 
new twist by three particular elements. 

Two spring directly from recent changes 
in federal policy. The first is a set of legis- 
lative measures, such as tax incentives and 
patent law reform, designed explicitly to 
tighten the links between the academic and 
the corporate world. The second is the 
growing squeeze on federal research funds, 
inevitably leading university scientists to 
seek corporate sponsorship with greater 
zeal. 

At Harvard the need for new guidelines 
was highlighted last year when the univer- 
sity’s president, Dr Derek Bok, made a 
proposal which he subsequently retracted 
— that the university should have an equity 
share in Genetics Institute, a company 
being established on venture capital 
funding by Dr Mark Ptashne, professor of 
molecular biology. 

Harvard’s new rules would require that 
faculty members consult with a new 
committee, chaired by the dean of the 
faculty of arts and sciences, about any 
activities that ‘‘seemed to present an 
unacceptable conflict of interest or 
commitment’’. These include cases where a 
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faculty member takes on executive 
responsibility for an outside corporation, 
makes use of unpublished findings from 
university research in outside projects, or 
takes to another location research which 
would ordinarily be carried out on campus. 

University administrators are pains to 
point out that such guidelines will be 
interpreted flexibly. Dr Walter Gilbert, for 
example, has recently been given leave of 
absence to work as chief executive officer 
of the Geneva-based Biogen, but will be 
able to return to his post as professor of 
molecular biology at a later date. 

Stanford University, which has more 
formal guidelines than most universities 
because of the involvement of its faculty 
members in the microelectronics industry, 
is also tightening them up. The faculty will 
meet next month to decide whether to 
adopt a set of proposals that would 
require any research worker to disclose the 
names of companies with whom he or she 
consults and the nature of the consultancy 
agreement to the appropriate dean or head 
of department. 

The Stanford proposals, made public in 
the early summer, are also designed to 
ensure that neither faculty members nor 
the departments to which they belong 
should make fortunes from the licensing of 
patents; academics will usually receive a 
third of any profits, but departments will 
have to share with the university if their 
income exceeds a certain proportion of 
their budget. 

A different, although closely related, set 
of issues has emerged at the Massachusetts 


Institute of Technology (MIT), where Mr 
Edwin (Jack) Whitehead, founder and 
former president of Technicon 
Corporation and now the largest 
shareholder in Revlon which recently 
bought Technicon from him, has offered 
to build and endow an independent 
institute for research into molecular 
approaches to developmental biology 
(Nature 1 October, p.329) at a total cost of 
$127 million. 

Although strongly supported by the MIT 
administration, the proposal has generated 
considerable controversy among faculty 
members over the implications of the 
possible ‘‘dual allegiance” of the 20 new 
professors who would be appointed to the 
MIT faculty but have their salaries and 
research expenses totally paid for by the 
Whitehead Institute. At a meeting on | 
October during which several criticisms of 
the proposed arrangements were raised, 
faculty members called on the MIT 
administration to take their concerns into 
account in further negotiations. 

Meanwhile conflict-of-interest concerns 
are even reaching the top ranks of the mass 
media. Mr Walter Cronkite, until recently 
anchorman of CBS’s nightly evening news, 
announced on Friday that he was resigning 
as a director of Pan American Airways 
since this could conflict with his work on 
space topics for the new CBS science 
program Cosmos. Earlier this year Mr 
Cronkite withdrew from taking part in 
CBS’s coverage of the first launch of 
NASA’s space shuttle, a project for which 
Pan Am has contracts. David Dickson 


Solidarity for university freedom 


The transformation of the Polish free 
trade union Solidarity into a multilateral 
social movement was completed at its 
first congress in September—October. 
The congress in Gdansk discussed a wide 
| range of proposals and programmes and 
| in particular called for a new approach to 
education, involving ‘‘social control” 
over the whole educational process. 

The formal resolution derives from the 
report of a special working group which, 
among other things, advocated 
liberalization and self-government in 
higher education, an end to censorship 
| and free access to the works of Polish 
scholars living abroad. 

it also called for university and 
research finances to be effectively under 
the control of ‘‘academic and social 
milieux”. Scientific exchanges with 
foreign scholars should be increased, and 
more funds made available for the 
purchase of books and learned journals 
from abroad. Just how this could be 
accomplished in Poland’s present 
economic crisis is hard to see — although 
Sclidarity does, of course, have its own 
proposals for economic recovery. 

One interesting suggestion is that a new 
system of ‘‘social funding”? of research 

























and higher education should be devel- 
oped, in parallel with the government 
sector. On the Polish Academy of Science 
which, it is suggested, is too isolated from 
the rest of the academic community, the 
group advocated the removal of all 
“barriers” with the academic community, 
with the understanding that scholars 
working for the academy should be able to 
give lectures and seminars for students. 

The group also asks that the status and 
authority of scholars should be restored 
by solving the ‘‘personnel problem” in 
various universities, a reference to those 
academics who owe their positions to 
patronage rather than academic prowess. 
Academic degrees should be awarded by 
competent scholars who enjoy the full 
trust of their fellows — without, it is 
implied, the possibility of government or 
party influence. 

The most startling proposal raised by 
the working group, however, is that 
Solidarity should found its own private 
university in Szczecin, taking as a 
precedent the Catholic University of 
Lublin. On this point, however, the 
working group failed to reach a 
consensus, and the proposal was deferred 
for further study. Vera Rich 


University organization 
London gives up 


The committee set up a year ago to devise 
a new structure for the University of 
London’s non-medical schools is being 
scrapped. Last week, Professor Randolph 
Quirk, the university’s new vice- 
chancellor, explained in a letter to Sir Peter 
Swinnerton-Dyer, the committee’s 
chairman, that the worsening of the univer- 
sity’s finances over the past 18 months 
made the committee’s original brief vir- 
tually impossible. Since the committee pro- 
duced its first discussion document last 
January, the university’s financial 
prospects have changed from a 15~20 per 
cent cut in real income by the end of the 
decade to a 20 per cent cut over the next 
three years. 

The response to the committee’s interim 
recommendations last May was mixed. In 
particular, suggestions that Chelsea 
College should close and Bedford and 
Westfield colleges should merge met with 
protests. Academics may be relieved at the 
committee’s demise, but their respite will 
be brief. Professor Quirk hopes that the 
subject review committees, which he set up 
last month to advise on resource allocation 
by January, will establish criteria on which 
the university can determine its future for 
itself. The review committees will assess the 
quality of teaching and research in bio- 
logical, physical and engineering sciences, 
languages and social studies in all colleges 
of the university. 

The Swinnerton-Dyer committee, 


= however, has been asked to report by 


December on the university’s central 
activities, including research and teaching 
institutes, the central library, unions and 
sports facilities and central administration. 
The idea is that the committee’s work will 
form part of the information used to help 
allocate future resources. 

Meanwhile, the university is still 
struggling with an even older problem — 
that of rationalizing its medical schools. 
The recommendation in early 1980 of a 
working party chaired by Lord Flowers 
that London’s 34 medical institutes be 
merged into six large schools was protested 
at more strongly than the Swinnerton-Dyer 
proposals. 

Lord Flowers’ grand plan has since been 
superseded by piecemeal decisions on the 
fate of individual schools. Hence St 
George’s Hospital Medical School is to 
increase its intake of preclinical students 
from 200 to 250 by 1985, the preclinical 
courses at Westminster and Charing Cross 
Hospital medical schools are to merge, the 
Royal Free Hospital Medical School is to 
remain much as it is and Guy’s and St 
Thomas’s Hospital Medical Schools are to 
merge. 

Later this month, university officials 
will meet to discuss whether to merge the 
three large medical schools in north central 
London — St Mary’s, the Middlesex and 
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University College hospitals and where to 
accommodate a new preclinical school for 
St Bartholomew’s and the London 
Hospital. 

The ultimate aim is to save £3 million in 
recurrent grant spent on medical education 
and to eliminate an excess capacity of pre- 
clinical places. As yet, the university has no 
clear estimate of how near it is to achieving 
that goal. Judy Redfearn 


Water and the Third World 
New agency planned 


Bangalore 

Acute, recurring shortage of potable 
(drinking) water in India has forced the 
government to set up a national water 
development agency charged with the task 
of surveying and sterilizing the water 
resources in the country scientifically. The 
agency, to be called Rashtriya Jal Vikas 
Abhikaran, will have as its members chief 
ministers of 21 states in India. 

This development comes ironically at the 
start of ‘‘water decade’’ when the quest for 
clean potable water has become para- 
mount. Nearly 30 per cent of the diseases 
and deformities in the Third World can be 
directly related to polluted water. 

India is currently utilizing only 15 per 
cent of its surface water because of the lack 
of appropriate and economically efficient 
measures for harnessing the peninsular 
rivers and streams. However, efforts are 
under way to draw-up schemes for 
modernization of irrigation systems. In 
India, the level of production from 
irrigated areas has remained low, at less 
than half its realizable potential. The 
Indian irrigation department say that the 
irrigation potential in the country is already 
59 million hectares and it is proposed to 
create another 54 million hectares by the 
end of the century. 

The water development agency will also 
consider ways of increasing the efficiency 
of water use, the maintenance of existing 
canals, and a flood control programme. 

B. Radhakrishna Rao 
@ In Europe the question of exporting 
technology and expertise to help the Third 
World in its quest for clean water is being 
taken very seriously. Tom King, UK 
Minister for Local Government and 
Environmental Services has praised British 
consulting engineers, contractors and 
equipment suppliers for their exporting 
ability — exports of water supply plant and 
equipment alone totalled £51 million in 
1980. Prospects look good with schemes 
such as the Cairo sewerage network and the 
Khark project in Iraq in the offing. This 
British expertise has also been examined by 
Michel Crepeau the French Minister of the 
Environment during his recent visit to 
London and the Thames Water Authority. 
‘*The Third World depends on water like 
we depend on oil’’, he said, in stressing the 
French interest in the ‘‘water decade’’. 
Sara Nash 
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US nuclear power 


Go for Clinch River 


Washington 

In a widely-anticipated reversal of the 
policies of President Jimmy Carter, the 
Reagan Administration has announced 
that it is lifting the ban on the commercial 
reprocessing of commercial nuclear waste, 
and will allow construction work to begin 
on the liquid metal fast breeder reactor at 
Clinch River in Tennessee. 

The ban on reprocessing, and the delay 
in the construction of the fast breeder, had 
been imposed by President Carter in the 
hope of steering other industrialized 
nations away from a ‘‘plutonium 
economy” which would, he claimed, 
inevitably increase the risk of the pro- 
liferation of nuclear weapons. 

Neither argument, however, is 
supported by the Reagan Administration. 
A policy statement released by the White 
House last Thursday repeated the Admini- 
Stration’s promise to accelerate the 
licensing of new nuclear power plants, 
virtually at a standstill since the Three Mile 
Island accident of 1979, and to push for an 
early solution to the problems of radio- 
active nuclear waste disposal. 

Dr Nunzio Palladino, the new chairman 
of the Nuclear Regulatory Commission, 
said that the Administration was now 
studying whether or not it would be 
necessary to introduce new legislation to 
speed up the licensing process. Even 
without such legislation, the commission 
was planning to grant 33 new nuclear plant 
operating licences by the end of next year. 
Much depends on building work. 

The White House laid the blame for the 
licensing delays squarely at the feet of 
excessive federal regulation, claiming that 
the morass of regulations ‘‘is forcing many 
utilities to rule out nuclear power as a 
source of new generating capacity”. 





Several Democrat congressmen have 
attacked the Administration statement for 
supporting, in the words of Representative 
Richard Ottinger of New York, “ʻa 
Chrysler-type bail-out that will cost the 
taxpayer billions of dollars’’. There is some 
sympathy for this view within the Office of 
Management and Budget, whose director, 
Mr David Stockman, has been generally 
reluctant to exclude the nuclear industry 
from his general opposition to government 
subsidies for the private sector. 

Conflict between conservative budget- 
eers and the nuclear industry is coming toa 
head over whether the government should 
provide such subsidies for the development 
of commercial reprocessing facilities for 
spent nuclear fuel or whether this should be 
left to private enterprise, which seems 
reluctant to take on this responsibility in 
the light of current low levels of demand. 

It also seems unlikely that the last has 
been heard about the Clinch River fast 
breeder. Earlier this year, Congress, which 
had managed to prevent Mr Carter closing 
down the whole project, voted money to 
allow the start of construction, a position 
now endorsed by the White House. 

Last week, however, 25 prominent 
members of Congress called on Senate 
leader Howard Baker to withdraw his 
support for the project and ask for its 
cancellation on the grounds that it was 
difficult to defend the $3,000 million which 
the Clinch River fast breeder will cost to 
build when other areas of the federal 
budget were being squeezed so tightly. 
Senator Baker represents the state of 
Tennessee, and his support for the reactor 
is said to have been the main reason for the 
Reagan Administration’s endorsement. 

The decision to lift the ban on repro- 
cessing is being seen as primarily a domestic 
decision, even though President Carter 


made it clear that the ban itself was 
something he hoped other nations would 
copy. David Dickson 





The Solar Mesosphere Explorer (SME) satellite (left) was successfully launched on 6 October 
by a NASA Delta rocket (right) together with the ‘‘amateur”’ satellite UOSAT (built by a team 
from the UK University of Surrey). Both satellites achieved their planned orbits. The SME 


satellite will investigate processes affecting the distribution of ozone in the Earth’s 


upper 


atmosphere. (For a full description of the mission, see Nature 24 September, p.259.) 
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Animal pain 


Sir — Your editorial on ‘‘Protection for 
laboratory animals” (Nature 17 September, 
p.173) is most welcome. It is no longer enough 
for universities and research workers to 
maintain an aloof silence or to claim that they 
are working within the law. Public opinion 
will not accept such an attitude. I am sure that 
there are many scientists who regard 
themselves as animal lovers, or even just 
humane people, but believe sincerely in the 
benefits that animal experiments have brought 
to mankind and to animals themselves. 
Perhaps we should begin to speak out and not 
accept false propaganda on the one hand or 
the sanctity of all knowledge on the other. 

A first step would be to show that scientists 
do care about animals and do think deeply 
about what they propose to do, the best way 
of doing it and just why they are doing it. 
Your proposal to set up committees at many 
centres is timely. Indeed, committees of this 
sort have already been formed at several 
universities and are under discussion 
elsewhere. If such bodies were made 
responsible for approving applications for 
licences and if necessary interviewing 
applicants, this alone would help to ensure that 
the work is not unnecessarily repetitious, that 
an excessive number of animals is not used 
and that alternatives have been considered. 
Such advice would be particularly helpful to 
inexperienced workers who often receive only 
very limited and specialized training. 

is it not time that all new licence holders 
were asked to attend a short formal course on 
animal welfare, breeding, feeding, 
preoperative and postoperative care, 
anaesthesia, use of drugs etc.? After all, if 
public money can be spent on sending general 
practitioners to courses on intrauterine 
memory, would the public not agree that 
funds should be available for training 
biologists in the basic practical care of those 
who are used to benefit mankind but are given 
no choice in the matter? 

R. BARER 
Departmeni of Human Biology and Anatomy, 
University of Sheffield, UK 


Sir — Your leading article ‘‘Protection for 
laboratory animals?’’ (Nature 17 September, 
p.173) mentions ‘‘widespread incoherence’’, 
and may I respectfully suggest that a number 
of misleading statements have hardly clarified 
the situation. For instance you say, ‘‘Thus the 
1876 Act requires that experiments involving 
pain must be carried out under anaesthesia 
(and the Home Secretary has not waived this 
regulation for the past half-century)’. Yet, 
according to Home Office Statistics of 
experiments on living animals (Great Britain, 
1980), 3,730,588 experiments, “‘calculated to 
inflict pain’, were carried out without any 
anaesthetic (certificate A); 677,607 
experiments were carried out in which the 
animals were allowed to recover from the 
anaesthetic (certificate B), and only 171,283 
experiments (3.7 per cent of the total) were 
carried out with anaethesia for the whole 
experiment. 

Many of the procedures carried out under 
certificate A must, by their very nature, cause 
great distress. For example in 1980, 484,849 
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animals were used in acute toxicity tests, of 
which the LD, is an example. In this case a 
recent government committee! conceded, 

‘*, |. .LDegs must cause appreciable pain to a 
proportion of the animals subjected to them’. 
Most experiments involving application of 
substances to animals’ eyes, and psychological 
experiments employing aversive stimuli, are 
two more examples of procedures carried out 
under certificate A. 

The Council of Europe’s discussion of 
article 8 of the draft convention is not 
concerned with permitting ‘‘licensed 
experiments causing pain without 
anaesthesia’’. Rather it is debating the 
presence of a pain clause which seeks to 
regulate the severity and duration of pain 
inflicted during the course of the experiment. 

In Britain the pain condition directs that 
animals suffering pain which is ‘‘severe’’ or 
“likely to endure” should be painlessly killed 
“if the main result of the experiment has been 
achieved’’. Or if they are suffering ‘‘severe 
pain which is likely to endure’’, they should be 
painlessly killed. 

Unfortunately no one has ever defined 
“severe” or “‘likely to endure’’. Indeed it is 
impossible to define ‘‘severe’’ since any 
assessment is largely subjective. (The LD,, test 
is allowed to proceed for 14 days, unless death 
intervenes, but does this contravene the pain 
condition?) Here lies the central point — pain 
cannot be regulated. Realistically legislation 
can only license researchers, register premises 
and prohibit certain procedures. For example, 
in Great Britain licensees are not allowed to 
use animals to acquire manual dexterity. 

The legislative way forward is therefore to 
prohibit those procedures which have become 
unacceptable in an evolving moral climate. 

ROBERT SHARPE 
Sheffield, UK 


1, Report on the LDSO Test, Advisory Committee on the 
Administration of the Cruelty to Animals Act 1876 (Home 
Office, London 1979), 


Anti-social? 


Sir — In his address to the British 
Association', Sir Edmund Leach states that he 
encounters biologists who refer to ‘primitive’ 
and ‘‘advanced’’ populations, and he goes on 
to say that these unfortunate individuals 
inevitably associate the advanced category 
with the group to which they belong. Later in 
his address Professor Leach refers to physical 
anthropology as a “‘tiny, rather off-beat sub- 
branch of the general field of anthropology”’ 
and that the ‘variety of human culture’ 
(social anthropology) is ‘‘the main concern of 
anthropologists’’. Perhaps 1 am being 
‘astonishingly naive” (an apparent failing of 
those interested in the trivia of human origins) 
if I ask whether it was merely coincidence that 
social anthropology is ‘‘the particular human 
collectivity to which the author himself 
happens to belong’’? 

Professor Leach proposes that Wilberforce 
was essentially correct in seeing an 
unbridgeable gap between man and ape. The 
basis for this assertion is the supposed 
uniqueness of human language. However, the 
fact that Leach, a social anthropologist, 
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should use such an important occasion as the 
150th BA anniversary to put forward a model 
of the relationship of man to the primates 
testifies to physical anthropology being more 
than off-beat, and to the continuing primacy 
of Darwinian ways of thought. Is it likely that 
speculations based on miscellaneous 
observations of the variety of human culture 
will be able to solve the problem of how, why 
and when the divide between humans and apes 
occurred, let alone define the nature of it? 
Palaeoanthropology and various branches of 
biology are in the best position to test such a 
proposition, especially given that the 
foundation of human language is ultimately 
anatomical. 

In the early 1970s Professor Leach launched 
an attack on the archaeologists? largely on the 
grounds that they were poor social 
anthropologists. Now it is the turn of the 
biological anthropologists, although this time 
the crime is that of not being social 
anthropologists at all. 

ROBERT FOLEY 
Depariment of Anthropology, 
University of Durham, Durham, UK 


1. Leach, E.R. Nature 293, 19-2} (L981). 
2, Leach, E.R. in The Explanation of Culture Change (ed. 
Refrew, C.) (Duckworth, London, 1973). 


Incendiary subject 


Sir — Perhaps you are right, after all, to 
describe Dr Rupert Sheldrake’s A New Science 
of Life as a book for burning (Nature 24 
September, p.245). For after seeing the 
disastrous effect Sheldrake’s book has 
wrought upon the detachment, not to say the 
common sense, of one with the responsibilities 
of the editorship of Nature, | shudder to 
contemplate the effect upon the ordinary man. 
But perhaps it is the influence of a pulpit 

from which to denounce scientific heresies that 
is the danger, rather than the book itself. For 
surely there is nothing in the book to raise 
excitement to the point of lumping together 
‘creationists, anti-reductionists, neo- 
Lamarckians and the rest’’. For scientists, the 
worst a book can do is to waste their time, 
You could have served us better by arranging 
for the publication of two careful and opposed 
critical reviews. For non-scientists, unhelpful 
books abound. Their ability to mystify science 
is as nothing compared with strenuous 
attempts to declare an orthodoxy. 

ROBERT HEDGES 
Oxford University, UK 


Sik — Before reading ‘A book for burning” 
in which Sheldrake’s work A New Science of 
Life is criticized (Nature 24 September, p.245), 
I did not think I would have to ask a Nature 
leader writer to read or re-read Milton’s 
Areopagitica — ‘‘as good almost kill a man as 
kill a good book. Who kills a man kills a 
reasonable creature, God’s image; but he who 
destroys a good book, kills reason itself, kills 
the image of God, as it were in the eye. Many 
a man lives a burden to the earth; but a good 
book is the precious life-blood of a master 
spirit, embalmed and treasured up on purpose 
to a life beyond life’. ee aie 
Continued on page 594 
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NEWS AND VIEWS 





Flightlessness and fear of flying 
in island species 


“I have heretofore asked the question 
concerning Mauritius henns and dodos, 
thatt seeing those could neither fly nor 
swymme, beeing cloven footed and 
withoutt wings on an island far from any 
other land, and none to bee seence elce 
where, how they shold come thither?’’ 
(from The Travels of Peter Mundy in 
Europe and Asia 1608-1667, ref. 1). 

The traveller Peter Mundy, who in 1636 
visited the remote island of Mauritius 2,000 
km from the African coast, was surprised 
to find flightless birds there: the Dodo and 
the rail (‘henn’) Aphanapteryx bonasia. 
These two birds are part of a larger 
problem that has puzzled many biologists 
since. We now know that most remote 
islands do (or did until man’s arrival) 
harbour flightless birds and insects. Other 
island birds, bats and insects are ‘psycho- 
logically flightless’: they refuse to fly 
across water, despite flying readily over- 
land. Islands also harbour the equivalent of 
flightless plants: species whose fruits lack 
morphological adaptations, present in 


eet ae 


From Vanishing Birds by T. Halliday (Penguin, 1981) 





from Jared M. Diamond 


fruits of related species, for overwater 
dispersal. There is an analogous 
phenomenon among shallow-water fish 
and molluscs. Biologists ask with Mundy, 
how should all these flightless creatures 
(sensu latissimo) come to occur on remote 
islands that never had continental connec- 
tions? 

A recent treatment by Feduccia?, 
building on an earlier study by Olson‘, 
brings us closer to understanding the 
problem for flightless birds. Feduccia and 
Olson are concerned with the questions: 
who? where? why? how? how fast? 

Who are the flightless birds? The prize 
goes to the family Rallidae (rails, including 
coot, crakes and gallinules), which includes 
at least 53 extant or recent flightless 
species, over one-quarter of all the species 
in this family. Other flightless birds include 
(or included) the Dodo (derived from 
pigeons), ratites (ostrich, rheas, emus, 
cassowaries, and the extinct moas and 
elephant birds), and various species of 
duck, goose, parrot, cormorant, grebe, ibis 


The flightless Lord Howe Island Wood Rail. 
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and owl. As for the question ‘Where?’, all 
but one of the known flightless rails are or 
were on islands, where many were quickly 
exterminated after humans arrived. 
Almost every remote island explored for 
bird fossils has yielded a recently extinct 
flightless rail. Of flightless birds other than 
rails, some are also on islands (New 
Caledonia, New Zealand, Madagascar, 
Hawaii, Jamaica), but continents harbour 
others (ostrich, rheas and the grebes of 
Lakes Titicaca and Atitlan). 

“Why, and how, so many species of rails 
and other birds have on so many occasions 
so speedily renounced their heritage of 
millions of years of aerodynamic refine- 
ments is a subject cf great interest’’ (Olson, 
ref. 3, p.31). As for the ‘Why?’, a few 
island flightless birds, such as New 
Zealand’s moas and Madagascar’s 
elephant birds, were enabled by flightless- 
ness to do something impossible for a 
flying bird: they became giant grazers on 
islands lacking grazing mammals, What 
permitted flightiessness to evolve on 
islands is that wings are unnecessary there: 
no mammalian predators to flee, until man 
arrived with his commensal cats and rats to 
begin the work of extermination; and 
reduced need for dispersal on a small 
homogeneous island compared with the 
widely spaced habitat patches of con- 
tinents. But it is not enough to show that 
flightlessness is permitted: why is it actually 
favoured? Biologits have often worried 
over this question in explaining the loss of 
other unnecessary structures, such as func- 
tional eyes in cave animals and electric eels. 
Olson and Feduccia illustrate dramatically 
the energetic advantages of flightlessness 
when wings become unnecessary. The 
muscles and bones that constitute the 
flying apparatus represent 20-25 per cent 
of the weight of typical birds. Further- 
more, the specialized flight muscles of 
birds rank among the most expensive of all 
tissues in their energy consumption. The 
energy saved by flightlessness can be put to 
other purposes. A winged rail on a 
predator-free island is like a 60-kg back- 


Jared M. Diamond is Professor of Physiology at 
the University of California Medical School 
Los Angeles. 
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packer forced eternally to carry 15 kg of 
bricks and to regurgitate half of each meal. 

Olson and Feduccia have also clarified 
‘How’ flightlessness evolved. At first sight, 
it appears to involve many independent 
changes, such as reduction of the muscles 
and bones of the wing and pectoral girdle, 
reduction of the keel, and increase in angle 
between the scapula and coracoid. In fact, 
almost all birds are flightless as chicks, and 
the anatomical differences between chicks 
and adults of flying birds are quite similar 
to the anatomical differences between 
adult flightless and adult flying birds. 
Thus, flightlessness could arise through a 
change in only one or a few developmental 
genes, arresting perinatal development at 
an earlier stage. (Similarly, differences in a 
small number of developmental genes 
could explain why humans look and 
behave quite differently from chimpanzees 
and gorillas, despite our close similarity to 
apes in overall protein and DNA.) This 
insight suggests why rails are so prone to 
become flightless: the sternum begins to 
ossify only many weeks after hatching in 
rails, but before hatching in chickens. ‘‘Itis 
this postponed development of the sternal 
apparatus that allows neoteny in rails to 
result in the loss of the flight apparatus 
without also resulting in the loss of the rail 
. . . For [chickens] to give rise to flightless 
species, development would have to be 
arrested far in advance of hatching, when 
other organs have not yet developed, and 
the results might well be lethal’’ (Feduccia, 
ref.2, p.111—112). 

How fast can flightlessness evolve? For 
flightless birds with no close relatives, we 
have no idea. But some flightless birds are 
otherwise exceedingly similar to flying 
relatives, implying that evolution of flight- 
lessness has been rapid and recent. For 
example, the duck Anas aucklandica has 
flying subspecies on New Zealand and 
Campbell Island and a flightless one on 
Auckland Island, and there is a similar 
example in the rail Dryolimnas cuvieri. The 
rails Gallinula nesiotis of Tristan and 
Gough Islands, Fulica newtonii of 
Mauritius and Reunion Islands, and Fulica 
chathamensis of New Zealand and the 
Chatham Islands, consist of very similar 
subspecies, both flightless, on two distant 
islands, both populations having evidently 
evolved flightlessness independently and 
recently from a common ancestor. Olson 
suspects that the actual time span to evolve 
flightlessness in rails is measured in gener- 
ations, not millenia, 

Islands as well as some continental areas 
also harbour flightless insects with flying 
relatives, such as every insect of sub- 
Antarctic Heard Island*, and a wingless fly 
and a flightless moth that jumps like a 
grasshopper on Campbell Islandi. Some, 
but not all, of these flightless insects are on 
wind-swept islands or mountain tops where 
flight would doom an insect to being swept 
away. We know that evolution of flight- 
lessness can be rapid in some insects: many 
corexid bugs and waterstriders’ have 
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From Vanishing Birds by T. Halliday (Penguin, 1981). 
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The extinct Moa of New Zealand. 


populations that shift between flight and 
flightlessness with change in season, tem- 
perature and food supply. 

For plants the equivalents of flight are 
those adaptations of seeds permitting them 
to be carried overwater: parachutes 
favouring wind dispersal, barbs or glue 
that catch on birds’ feathers, buoyancy and 
impermeability permitting transport by 
ocean currents, and light weight and a 
nutritious coat inviting consumption by 
birds. The seeds of numerous island plants 
have become figuratively flightless by 
losing these adaptations of the seeds of 
their ancestors’. 

While the birds, insects and plants 
discussed above have achieved ‘flightless- 
ness’ by morphological change, other 
animals have achieved it behaviourally, 
through fear of flying. Especially in 
tropical rainforest, hundreds of bird 
species that fly over land refuse to cross 
water gaps of even a few hundred metres 
(for example, see ref.8). The only islands 
on which such species occur are ones 
formerly connected to continents by land 
bridges, like the Pleistocene bridges that 
account for the presence of rhinoceroses 
and other non-volant mammals on Java 
and Borneo. Entire families of birds are 
afflicted with fear of flying overwater and 
that, like rhinoceroses, are virtually 
confined to land-bridge islands include the 
Furnariidae, Formicariidae, Dendrocolap- 
tidae and Rhamphastidae in the neotropics 
and the Eurylaimidae and Garrulidae in the 
Oriental Region’. Some species thus res- 
tricted are powerful fliers overland, 
including hawks, swifts and parrots; hence 
there can be no doubt that the failure to 
cross narrow water gaps is through choice, 
not inability. Bats afflicted with fear of 
flying overwater include Pteropus 
mahaganus, Pteralopex atrata and 
Anthops ornatus, confined today to four 


large Solomon islands that were joined by 
Pleistocene land bridges'®. Among butter- 
flies there are clear behavioural differences 
between species that are, and are not, good 
overwater colonists: in strong winds the 
former continue to fly, the latter crouch 
within vegetation''. 

Finally, an underwater equivalent of 
flightlessness or fear of flying occurs 
among shallow-water fish and molluscs'*. 
At one extreme, some species of fish and 
molluscs of coral reefs have larvae that 
remain in the plankton for long times; such 
species tend to occur in genetically similar 
populations on reefs thousands of 
kilometres apart. At the other extreme are 
species whose larvae settle on a substrate 
within a day or that lack pelagic larvae and 
exhibit parental care of the young. Such 
species tend to be confined to single reef 
systems or to occur on different reefs in 
genetically distinct forms, because of poor 
dispersal over deep water. 

The short message is: for diverse animals 
and plants, the anatomical and 
behavioural bases of dispersal are subject 
to natural selection and may differ 
enormously between species within the 
same genus, just as Olson and Feduccia 
have traced for birds. o 
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from N.V. Swindale 


IN RECENT YEARS the deoxyglucose method 
has played an important part in studies of 
columnar systems in the visual cortex, but 
until now, the evidence linking the patterns 
of glucose uptake to the patterns of 
physiological responsiveness observed by 
microelectrode recording has been 
indirect. The link has always been very 
strong however, and it comes as no surprise 
that a paper by Schoppmann and Stryker! , 
published in this week’s issue of Nature 
(p.574), should show, in cats stimulated 
with moving vertical bars, a strong 
correlation between regions of high 
deoxyglucose uptake and regions where 
cells respond best to vertical orientations. 
It is reassuring to have this result, neverthe- 
less, because recent work on the monkey 
visual cortex by Hendrickson and her 
colleagues?? has questioned the 
assumption that local variation in the rate 
of glucose uptake within the visual cortex 
must necessarily be the result of a corres- 
ponding variation in neural firing rates. 
The story begins with the demonstration 
by Hendrickson, Hunt and Wu? that the 
visual cortex of macaque monkeys 
contains cell bodies and presynaptic pro- 
cesses that stain heavily for y-amino 
decarboxylase (GAD), an enzyme required 
for the synthesis of y-amino butyric acid 
(GABA). Similar findings have been made 
in the rat* and this adds to the already good 
evidence that GABA is a transmitter in the 
visual cortex of these and other mammals. 
In the rat, GAD is evenly distributed 
throughout the cortical layers, but in the 
monkey there is some laminar variation in 
the intensity of staining, and intriguingly, 
an increased intensity of GAD staining in 
layers II and III in small round or oval 
patches that are about 100 - 200 um in 
diameter and spaced about 400 um apart. 
Rows of patches are superimposed on 
the centre of either a left or a right eye 
ocular dominance column, and in monkeys 
whose visual experience was normal up to 
the time of death, each patch is a region of 
high metabolic activity. This last 
conclusion is based on the use of a stain for 
the mitochondrial enzyme, cytochrome 
oxidase. Like the deoxyglucose technique, 
this stain can be used to reveal local 
variations in metabolic activity’*, the 
difference between the two methods being 
that levels of cytochrome oxidase change 
much more slowly than the rate of glucose 
uptake in response to alterations in 
metabolic demand. Sections of tissue 
Stained for cytochrome oxidase show 
patches of high activity in layers I] and III, 
and the patches are aligned both with the 
ocular dominance columns?’ and with the 
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N.V. Swindale is in the Kenneth Craik 
Laboratory, Department of Physiology, 
Cambridge. 
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a, An autoradiograph of striate cortex from 


visual cortex 
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eye. Columns dominated by the injected eye are seen as light bands ef label. b, Cytochrome 

oxidase staining, which reflects increased metabolic activity, reveals rows of patches in a 

more superficial section from the same block as a. c, The rows of cytochrome oxidase patches 

can be seen to follow the pattern of ocular dominance patches by drewing the borders of the 

columns from a directly onto b. Deoxyglucose labelling after stimulaing one eye with stripes 

in all orientations reveals patches that lie in register with alterna e rows of cytochrome 
oxidase patches. From ref. 7. 


regions where the GAD staining is most 
intense. 

Hendrickson et al.’ interpret these 
results to mean that the energy 
requirements of nerve cells vary 
significantly according to transmitter type. 
Since these cell types may be 
inhomogeneously distributed, this may 
significantly complicate the interpretation 
of deoxyglucose experiments. In support 
of this idea it has been shown that 
deoxyglucose autoradiographs from either 
normal monkeys’ or monkeys stimulated 
with moving bars of all orientations and 
varying widths and velocities? (the 
intention being to stimulate all cortical 
neurones equally) show patches of high 
glucose uptake in layers II and III which 
coincide with the positions of the 
cytochrome oxidase patches. The results of 
Schoppmann and Stryker from the cat are 
not actually in conflict with this, for 
normal cats lack the patchy distribution of 
cytochrome oxidase’ and, unlike the 
monkey, the control condition of 
stimulation with all orientations results ina 
uniform distribution of glucose uptake 
within any one layer! . 

An alternative and more conventional 
explanation for the deoxyglucose and cyto- 
chrome oxidase results in the monkey can 
easily be found, however. It might be that 
with normal visual experience, cells within 
the patches are active more often than cells 
outside them, either because they were 
more responsive than other cells, or 
because they responded equally well to 
edges of all orientations. The increase in 
cytochrome oxidase levels might be a 
secondary consequence of this since several 
experiments“? have shown that cyto- 
chrome oxidase levels change in response 
to long-term alterations in electrical 
activity. Horton and Hubel’ give a nice 
demonstration of this: if one eye of an 
adult monkey is removed, then 10 days 


later the cytochrome oxidase patches 
aligned on that eye’s ocular dominance 
Stripes become pale and shrunken, giving a 
pattern of alternating rows of large and 
small patches. The ~aised GAD levels might 
also be a secondary consequence of 
increased impulse activity in the patches 
since it is possible -hat the patches do not 
contain greater numbers of GAD-positive 
cells, but simply cells containing a greater 
density of GAD. Repetition of Horton and 
Hubel’s experimen using GAD staining to 
reveal the patches would be a good test of 
this possibility. 

The existence of groups of non- 
orientation selective cells in layers H and IHI 
is also consistent with the results of a 
second experiment performed by Horton 
and Hubel. This showed that in monkeys 
stimulated with either horizontal or 
vertical stripes, there were always regions of 
high deoxyglucose uptake that coincided 
with the positions of the cytochrome 
Oxidase patches (because the period of 
selective stimulaticn was short in these 
experiments, it can be assumed that 
cytochrome oxidase levels had not changed 
from their prior staze). In the words of the 
authors, ‘‘all oriertations of line stimuli 
probably activate cortex in the regions of 
the patches’’. Regions of high deoxyglucose 
uptake outside the patches presumably 
contain cells selective for the orientation of 
the visual stimulus, and since these regions 
are continuous with the patches, 
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irrespective of the orientation used, the 
results imply that different iso-orientation 
domains meet in, or near, the patches. If 
true, this is a fascinating result, for it 
Suggests a structural link between 
orientation and ocular dominance columns 
of an unexpected and subtle kind. Previous 
work® had suggested no obvious 
relationship — for example the two 
patterns have different periodicities, and 
the angles at which the columns intersect 


locally are apparently random. 

It is likely that the uncertainties of inter- 
pretation raised by these experiments will 
be resolved soon. Experiments are in pro- 
gress to determine the quantitative 
relationship between neural discharge 
frequency and rate of glucose uptake’, and 
the preliminary results suggest that even a 
small increase in maintained discharge 
would cause a significant increase in 
glucose uptake. It should be straight- 


Building a nervous system 


from Hilary J. Anderson 


RECENT studies of the development of the 
grasshopper nervous system are beginning 
to suggest some of the strategies that might 
be used to generate complex neural 
networks from simple basic structures. The 
studies have been made possible by the 
special advantages offered by grasshopper 
embryos. They are sufficiently transparent 
that, with the aid of interference contrast 
optics, individual neuron precursors can be 
identified and watched as they divide and 
give birth to neurones. The precise lineage 
of a particular cell may thus be determined 
and used as to identify the cell before it has 
developed any outward signs of differenti- 
ation. The embryonic nervous system is 
also in a superficial and accessible position. 
Neurons may thus be readily impaled with 
recording microelectrodes or filled with 
dyes to obtain information about their 
electrophysiological and morphological 
development. 

Two key points have emerged from 
following the developmental fate of indiv- 
idual neurons. First, certain neurons playa 
distinctive ‘pioneering’ role in establishing 
the basic plan of tracts within the CNS atan 
early stage when axons need cover only 
small distances by simple direct routes to 
find their targets. Second, although the 
segmental ganglia of the nervous system 
are each distinctly different in the adult, 
they are formed from indentical sets of 
precursor cells. Some differences between 
ganglia can be generated at early stages by 
variation in the extent to which developing 
neurons survive and differentiate. These 
small differences may then lead, through a 
cascade of effects mediated by cellular 
interactions, to the complex diversity seen 
in the mature ganglia. 

Segmental organization 

The central nervous system of the 
grasshopper consists of a chain of 
segmental ganglia each of which supplies 
nerves to one segment of the body (see 
figure 1). The ganglia differ in their 
structure and are specialized for different 
behavioural functions. For example, the 
three thoracic ganglia have about 3,000 
neurons each and supply nerves to the legs 
and wings and contain the basic circuitry 
for generating the patterned output for 
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(b) 


forward to discover whether the firing rates 
of cells in the patches are normally higher, 
on average, than those of cells elsewhere in 
layers II and III and, if so, whether it is 
because the cells lack orientation 
specificity, or for some other reason. It 
would also be useful to have an estimate, 
even a crude one, of the relative amounts of 
energy devoted by nerve cells to the gener- 
ation of action potentials and to the 
synthesis of transmitters such as GABA. | 


(c) 


Fig 1 (a) Diagram of the nervous system at hatching. Several 
embryonic ganglia fuse together to form the brain, suboesophageal, 
metathoracic, and terminal ganglia. Other ganglia remain unfused. 
The ganglia are linked by paired connectives, S1-S2 = suboesopha- 
geal, T1-T3 = thoracic, Al-All = abdominal ganglia. (b) Ventral 
view of a grasshopper embryo at Day 5 of development showing its 
segmental nature. The egg is laid at day 0 and, at 35°C, hatches at 
day 20. (c) Camera lucida drawing of the set of neuronal precursor 
cells in the mesothoracic segment. Sixty neuroblasts are arranged in 
symmetrical rows on each side of the midline and a single median 
neuroblast (MN) is found near the posterior end of the middle of the 
segment. Seven midline precursors (in black) are found dorsal to the 
neuroblasts in a characteristic pattern. 


flying and walking. Most of the eleven 
abdominal body segments bear no 
appendages and their ganglia have only 
some 500 neurons each. 

In view of these differences it is 
remarkable that each ganglion arises 
from an identical set of precursor cells!?, 
The precursors appear when the embryo 
consists only of a sheet of ectoderm 
overlain by a layer of mesoderm. Two types 
of precursor have been identified within 
the ectoderm: neuroblasts'“, and midline 
precursors cells?, and they are always 
arranged in the same characteristic pattern 
as in figure |. 

In each segment there is a fixed stem cell 
population of 61 neuroblasts which divide 
repeatedly to bud off daughters which 
themselves divide to produce neurons. 
Each neuroblast produces 10-100 neurons 
before dying. The midline precursor cells 





have not been described in any other 
nervous system. There are seven in each 
segment and they undergo only one 
division to produce a pair of daughters 
which become neurons. 
Constancy of neuron differentiation 

Electrophysiological and morphological 
studies of individual neurons have shown 
that a neuron witha particular lineage from 
a particular neuroblast or midline pre- 
cursor always develops into the same adult 
neuron, and acquires its particular 
properties in a precise temporal sequence*’ 
(see the table). 
Establishment of neuronal tracts 

Each adult ganglion has an outer layer of 
neuron cell bodies surrounding a dense 
core of neuron processes where synapses 
occur. Through this core runs a maze of 
tracts forming long-distance axon path- 
ways between neurons in different parts of 
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the nervous system. The initial framework 
for this complex system of tracts is very 
simple and is laid down within each 
ganglion at early embryonic stages. The 
framework is a rectangular pattern of 
nerves running transversely to link right 
and left halves of each ganglion and 
longitudinally to link each ganglion with its 
neighbours? (see figure 2). As development 
Naproceeds other simple pathways are 
ded’. Some of the neurons which form 

se pathways have been identified and 
d to be the same in every segment’. 7 
ae have been termed ‘pioneer’ neurons 
are amongst the very first neurons to 
erentiate and produce axons. New 
ans develop their axons and grow 
n f the pioneer pathways? 7 much more 















ere two or more pathways cross, 
zron Ring axon tips extend many fine 
branches in all directions. Later all these 
branches are withdrawn except for those 
growing along the correct pathway’. 
Variations on a segmental theme 

How do the same sets of precursor cells 
give rise to ganglia which are different? 
One clue is the vast differences in the 
number of cells that die in different 
developing ganglia. Closer inspection 





Longitudinal tracts 
Fig 2 Diagram of the rectangular pattern of 
pioneering pathways laid down in each segment 
by the axons of neurons produced by divisions 
of three of the midline precursors (MP1, MP2L, 
MP2R) and some unidentified lateral 
neuroblasts (cross-hatched). 










reveals that both neuroblasts and neurons 
die with several effects on the shaping of the 
ganglia. First, the number of neurons pro- 
duced in each ganglion is regulated by the 
lifespan of its neuroblasts; these die much 
earlier in the abdominal ganglia and so 
produce many fewer neurons!'. Second, 
large numbers of neurons die, many after 
they have differentiated and produced 
axons!-ë. This also affects neuron number 
and thus ganglion size. 

However, cell death has other important 
consequences. The loss of different 





[ioni appearing 
ozon over whole 


J hotching 
[death of DUM neuroblast 
spontaneous synaptic input 
CNS arborisations expanding 
neutral red staining 
extro peripheral neurites disappearing 
soma enlarging 


target 


pede reaches peripheral target 

electrical excitability, arzon then soma 
Pelectrico!l uncoupling of neurones 

extra central neurites disappearing 


axon leaves CNS 


DUM neuroblast uncouples from other neuroblasts 


blastokinesis 
lazon forms T-junction 
chemosensitivity 
axonal outgrowth 
dy@ uncoupling of neurones 
POUM neuroblast dividing 


DAYS OF DEVELOPMENT 


Table 1 Timetable of neuron differentiation at 35°C, as exemplified by DUMETI, one of the 


median neuroblast progeny’*. 


Morphological development is characterised by an initial 


profusion of growing neurites and axonal branches, some even extending down the “‘incorrect”’ 
peripheral nerves. Supernumerary neurites start to disappear as the axons leave the CNS, but 
extra axonal branches are not lost until the target muscle is reached. Then the central 
arborizations begin to develop and the soma enlarges to its full size. Physiological development is 
characterised by a precise sequence of events including the loss of electrical and dye coupling with 
other cells, and the appearance of chemosensitivity, electrical excitability, and neurotransmitter. 





populations of neurons in different ganglia 
produces dramatic differences in the 
spatial arrangements of those remaining — 
simple axon pathways become shifted into 
more complex patterns, some neurons lose 
their neighbours while other distant 
neurons become neighbours. Since com- 
munication between cells is important for 
many developmental decisions, it is likely 
that the alteration of neighbour relation- 
ships results in altered patterns of cell com- 
munication and this generates further 
diversity among the neurons of different 
ganglia. 

Indirect evidence for this view has been 
obtained by studying homologous neurons 
in different ganglia (that is, neurons pro- 
duced by the same lineage from equivalent 
neuroblasts or midline precursors). Homo- 
logues indeed differ in their survival rate 
and also in the final differentiated form 
which they attain*-’. For example, in the 
thoracic ganglia one of the daughters of 
midline precursor 3 (see fig 1c) develops 
into a fully mature neuron with particular 
electrophysiological properties and a 
characteristic morphology. In more 
posterior ganglia there is a progressive 
reduction in the extent to which the 
homologues of this neuron differentiate. 
In the third abdominal ganglion, for 
example, the homologous neuron has a 
simplified morphology and only its axon 
becomes electrically excitable, while in the 
fourth abdominal ganglion the homologue 
dies’. Another example is that of neurons 
which, in the thorax, innervate the thoracic 
leg muscles. There are no legs in the ab- 
domen and the homologous neurons 
produced in the abdominal ganglia die 
Shortly after forming their axons. Recent 


experiments have shown that the cause of 
this cell death is not the lack of appropriate 
target muscles*. Whether it results from 
some other subtle cellular interaction or 
from specific differences in commitment 
that homologous neurons in different 
segments acquire by lineage remains to be 
clarified®, 

In conclusion it may be said that there 
has been remarkable progress since 1976 
when Bate wrote that “‘the embryogenesis 
of the insect nervous system remains an 
almost completely uncharted subject’’ (see 
ref. 1). The detailed descriptions obtained 
in the last five years have established that 
there are simple origins to the complex adult 
structure. This now permits the question 
“How is the structure of the insect CNS 
established?” to be rephrased at a new level 
of resolution: ‘‘How do pioneer neurons 
navigate through the embryonic nervous 
system?” or ‘‘How do growing neurons 
recognise appropriate pathways?’’ or 
“What are the mechanisms controlling the 
death of neuroblasts and neurons?”’. o 





Hilary J. Anderson is a staff scientist at the 
European Molecular Biology Laboratory, 
Heidelberg. 
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Inside a volcano: the first three-dimensional map 


from R.S.J. Sparks 


KILAUEA VOLCANO, HAWAII, has long been 
regarded as about the most thoroughly 
documented and best understood active 
volcano on Earth. Since 1952, increasingly 
sophisticated instruments have been used 
at the Hawaiian Volcanological Observa- 
tory to record the ground deformation 
caused by swelling of the volcano before 
major eruptions and the seismicity brought 
about by basalt magma moving beneath 
the volcano. Every eruption has been 
carefully documented with the volumes, 
discharge rates and lava composition 
measured on an almost daily basis during 
periods of activity. 

The research has culminated in a recent 
paper by a team of US Geological Survey 
scientists (Ryan, Koyanagi & Fiske J. 
geophys. Res. 86; 7111, 1981), in which an 
analysis of all the geophysical and 
volcanological data from 1969 to 1974 is 
used to construct a three-dimensional 
model of the internal structure of Kilauea’s 
magmatic reservoir and transport system. 
The period was a particularly eventful one 
with several eruptions at the summit and 
the formation of the Mauna Ulu shield 
volcano on the east rift zone. 

A clear Plexiglass scale-model con- 
taining 18 depth levels at 1 km spacing was 
constructed, upon which well located 
seismic hypocentres were plotted. The 
seismic network at Kilauea enables most 
earthquake sources to be located to better 
than 600 m in both horizontal and vertical 
coordinates, and it is possible to distinguish 
between earthquakes induced by 
fracturing of rock by magma under high 
fluid pressure and those produced by dry 
cracking of rock. When the magmatic 
events are plotted and placed in the three- 
dimensional model, the zones of active mag- 
ma transport can be identified down to a 
depth of 18 km. This is the first time that the 
three-dimensional structure of an active 
magma reservoir system has been defined. 

The model reveals some fascinating 
features of the Kilauea plumbing system. A 
well defined central magma storage system 
or chamber is located beneath Kilauea 
summit caldera from 2 to 6 km depth. The 
top of the magma chamber is defined by an 
elliptical zone of seismic activity at the 1.1 
to 2.6 km levels. The interval from 5.7 to 
6.5 km depth is nearly aseismic and is 
believed to represent the floor of the 
storage chamber. Modelling of the ground 
deformation of the volcano also confirms 
that the magma reservoir can be treated as a 
source of pressure at depths in the range of 
2.5 to 4 km (Dieterich & Decker J. geophys. 
Res. 80; 4094, 1975). The reservoir has a 
capacity of between 5 and 10 km? of basalt 
magma and is envisaged as a plexus of 
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interconnected intrusions. 

A primary conduit feeds magma from 
the upper mantle at 14.6 km into the base of 
the shallow-level storage system. The 
conduit has been defined by seismic events 
that cluster tightly at different levels, 
forming a columnar region with a vertical 
axis and elliptical horizontal cross- 
sections. It is important to appreciate that 
this conduit cannot be a totally magma- 
filled pipe, but rather consists of 
‘*thoneycombed magma-filled fracture 
zones with appreciable fluid-to-rock 
ratios’’, that is, a zone through which 
magma migrates along fractures to the 
summit reservoir. Over the past 30 years 
basalt magma has been transported 
through this system at a remarkable steady 
rate of 3 m? s~!. 

A second shallow-level pipe in the upper 
part of the east rift zone has also been 
identified. The zone has been the site of 
many eruptions and a close connection has 
been established between deflation of the 
ground above the summit reservoir and 
flank eruptions on the rift. Magma can be 
fed from the base of the main reservoir up 
this secondary pipe to the east rift and, in 
addition, earthquakes define an intense 
zone of intrusion, named the east rift zone 
duct, which feeds magma down the east rift 
at depths of less than 2.0 km. A dyke 
swarm is probably forming in this zone. 
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The new model of the plumbing system is 
of great importance in understanding the 
origin of the basaltic lavas of Hawaii. The 
detailed petrology and geochemistry of the 
lavas documented for every eruption sin 
1952 can now be tied in with a wer 
constrained model of the reservoir-ane 
transport system. The variation 
temperature and composition 
investigated with a good idea of wheyee 
batch of magma originates. For exdamplke, 

ee 

there is a general tendency for the eagt 
zone magma fed from the summit 0 
hotter than that erupted at the Sun 
consistent with diversion of hottet më yma 
from the base of the summit reservoir or 
directly from the primary conduit below 
into the east rift zone pipe. 

The modelling technique may also prove 
valuable in more productive monitoring 
and prediction of the volcano’s behaviour. 
As more data are made available, the 
movement of magma within the volcano 
and changes in the reservoir and transport 
system can be observed. The study shows 
that there is no substitute for the 
continuous and year-by-year docu- 
mentation of an active volcano. It is not 
just the authors of this paper who are to be 
congratulated for the success of the 
Hawaiian monitoring programme, but the 
many volcanologists working on Hawaii 
over more than 20 years. O 
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Southward view, looking down into the interior of Kilauea, The transition zones from 
volcanic shield to oceanic crust, and from oceanic crust to upper mantle are stippled. Square, 
1 km scale grids are at the 0.0 and 14.7 km depth levels. 
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Red giants and their descendants 
—new light on old stars 


from Ben Zuckerman 


RED giant and supergiant stars have long 
been favourites of professional and 
amateur astronomers. These big, bright 
Stars emit up to 100,000 times more 
light than our Sun and so are easy to 
study. Some of them, specifically the 
pulsating long-period variables, 
significantly change their size, brightness 
and colour within about a year, a time scale 
of interest to a single human being. 
Recently IR and microwave astronomers 
have shed new light on the red giants and 
their descendants, the planetary nebulae. 

The red giants occupy a crucial place in 
stellar evolution. When the core of a giant 
star exhausts its nuclear fuel and surpasses 
1.4 times the present mass of our Sun (Ma), 
it is unable to support its own weight and 
collapses into a tiny neutron star. The 
gravitational energy released during this 
implosion of the core blows off the 
remainder of the star in a gigantic 
explosion — a supernova. Since around 50 
per cent of all stars are believed to begin 
their lives with masses greater than 1.4 Mo, 
we might expect that one out of every two 
Stars will die as a supernova. But, in fact, 
only one star in about 30 dies such a violent 
death. The rest expire much more peace- 
fully as planetary nebulae (see Fig.1). 
Apparently most massive stars manage to 
lose sufficient material before they exhaust 
their nuclear fuel so that their masses drop 
below the critical value of 1.4 Mọ. Most of 
this mass loss takes place while the star is a 
red giant. 

As material flows out of a red giant star, 
it cools and dust grains form. The dust 





Fig.1 A planetary nebula. The last remant 
of the fluffy envelope of a former red giant 
is heated and ionized by the very hot 
central star which is the erstwhile core of 
the red giant. When the central star cools 
off, it will become first a white dwarf and 
then a black dwarf about the size of the 
Earth. (Palomar Observatory, California 
Institute of Technology photograph with 
the S-m telescope.) 
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scatters and absorbs visual light emerging 
from the photosphere which it changes into 
IR radiation. If the mass outflow rate is 
large enough, so much dust condenses in 
the circumstellar cloud that it forms a 
cocoon that completely blocks the visible 
radiation from the star, so that only IR and 
radio radiation can escape. Indeed, 
IRC + 10216, a pulsating giant located 700 
light years from the Earth, is the brightest 
source outside the Solar System in the 
entire 5 um sky — it is the Sirius of the IR 
world — although visually it is fainter than 
18th magnitude and thus difficult to see 
even with very large telescopes. 

A huge rate of mass loss of 10* Mọ 
per year has been deduced from IR 
observations of ammonia (NH,) molecules 
located in the circumstellar cloud around 
IRC + 10216. Recent microwave 
observations of carbon monoxide (CO) 
molecules by M. Morris, M. Jura and A. 
Stark indicate a similar rate of mass loss 
and demonstrate that the escaping material 
extends outwards from the star for at least 
a light year and, possibly, a good deal 
further. This gigantic cloud completely 
dwarfs even the large photospheric 
diameter of stars such as Betelgeuse, the 0 
magnitude red supergiant in Orion. 

Because we know the size of the cloud 
around IRC + 10216 and can use either 
NH, or COto measure the outflow velocity 
(1S km s-'), we can calculate an age (~ 
10,000 years) for the circumstellar cloud. 
IRC+10216 has apparently expelled, in 
the form of molecules and dust grains, a 
mass equal to that of our entire Sun within 
the past 10,000 years! This implies that 
some stars can shed huge amounts of 
matter very quickly and thus may never 
Supernova. Statistics of supernovae and 
planetary nebulae as well as theoretical 
models suggest that stars which begin their 
lives with masses around 6 Mọ (plus or 
minus a few solar masses), shed sufficient 
material to drop below the critical value of 
1.4 Mọ. A Star like IRC + 10216 could do 
this in a mere 50,000 years which is but an 
instant in the life cycle of all stars. 

Thanks to an IR rocket survey carried 
out at the Air Force Geophysics 
Laboratory a few years ago, we now know 
that IRC + 10216 is not a freak, but simply 
the closest example of a class of very cool, 
pulsating star embedded in dense cocoons 
of dust and gas of their own 
making.IRC + 10216 is sufficiently close to 
have showed up in a ground-based Caltech 
Survey at 2 um wavelength carried out in 
the 1960s, but other cooler and/or more 
distant stars were too faint to be detected. 
Their discovery required the 4, 11 and 20 
um detectors on the AFGL rockets. 








$13 








Fig.2 Photograph of the Egg Nebula taken 


by George Herbig using the Lick 
Observatory 120 inch telescope in blue 
light. Many molecules have been identified 
in the carbon-rich outflowing material 
around this and other proto-planetary 
nebulae. Some are common substances, 
such as methane and ammonia; others are 
exotic molecules never seen on the Earth. 


One appealing interpretation of these IR 
giant Stars is that they are ‘proto-planetary 
nebulae’ — old giant stars whose dense 
cores have almost but not quite rid them- 
selves of the fluffy envelopes surrounding 
them. Once the star has lost the entire 
envelope, its exposed core becomes the 
central star of the planetary nebula which 
heats and ionizes the last vestiges of the 
envelope as it flows away into space. This 
is, of course, a fully fledged planetary 
nebula (Fig.1), long familiar to optical 
astronomers. 

It is the stage just before this that has 
eluded optical astronomers for so long, 
simply because little or no visual light can 
penetrate the circumstellar cocoon. The 
AFGL rocket survey has, at last, vielded a 
number of excellent candidates for proto- 
planetary nebulae. The most famous is 
GL2688, dubbed the Egg Nebula by E. 
Ney. (V. Trimble has pointed out that 
GL2688 bears a much closer resemblance 
to a cat (see Fig.2) than to an egg!) In the 
model of GL2688 developed by Ney and his 
collaborators, the central star has expelled 
and is surrounded by an opaque torus 
(donut) of gas and dust that completely 
blocks the visual light and converts it to IR. 
So, GL2688 itself is a very intense and very 
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cool IR source. However, light can escape 
through the holes of the donut and there it 
strikes additional material, presumably 
also ejected by the central star, which 
bounces part of the light in our direction. 
Thus we see two beautiful reflection 
nebulae in the shape of a cat. 

Schmidt and Cohen (Astrophys. J. 246; 
444, 1981) have made detailed spectro- 
polarimetric and spectrophotometric 
studies of two other bipolar nebulae that 
resemble GL2688. Dense condensations, 
and neutral gas in their shadows, are found 
to fill much of the volume of the nebulae, 
reinforcing the view that these bipolar 
objects represent a very early phase in the 
life of a planetary nebula. Recent models 
for these bipolar nebulae include biconical 
outflow above a luminous disk (Icke Astro- 
phys. J. 247; 152, 1981) and gravitational 
ejection of matter from the atmosphere of 
a red giant star by a close companion star 
orbiting around it (Morris Astrophys. J., in 
the press). 

Radio astronomers have also studied 
GL2688 and find that substantial amounts 
of material probably exist well beyond the 
boundaries of the reflection nebulosities. 
Indeed, the total mass in the cloud around 
GL2688 may equal that around 
IRC +10216. More importantly, the 
clouds around both GL2688 and 
IRC + 10216 are very rich in carbon; they 
are what we call carbon stars — relatively 
rare stars containing more carbon than 
oxygen rather than, as is typical, the 
reverse. More generally, most proto-plane- 
tary nebulae and, by extrapolation, plane- 
tary nebulae too are apparently carbon 
rich, These stars burn helium into carbon in 
their interiors and then expel the carbon 
into interstellar space, some day to be in- 
corporated into new stars, planets and 
people. So much of the carbon in your 
scrambled eggs may have been cooked deep 
within objects like the Egg Nebula that 
lived, and died, many billions of years ago. 

Where is this field heading now? Large 
new telescopes for IR and radio astronomy 
promise great advances and possibly some 
surprises in the ground-based study of co- 
coons around dying stars. But some of the 
most exciting discoveries should come after 
1982 when NASA’s infrared astronomical 
satellite is scheduled to be launched. The 
IRAS satellite will permit all-sky IR surveys 
at sensitivity levels much superior to all 
previous ground-based and rocket surveys. 
In addition to discovering more dying 
stars, IRAS should reveal numerous stars 
in the process of formation and even, 
perhaps, the IR radiation from a nearby 
super-advanced technical civilization (a 
Dyson sphere). = 


Addendum 


The meeting report ‘‘Extragalactic jets: 
facts and fancies’ (Nature 293, 336-337; 1981) 


was co-authored by Peter Scheuer and 
Mitchell Begelman. We apologize to Dr 
Begelman for omitting his name. 
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Radiative frustration by 
vacuum manipulation 


from Peter Knight 


TRANSITIONS between atomic states are 
induced by incident electromagnetic fields. 
Even in the absence of an incident field, the 
vacuum fluctuations and zero-point energy 
of the quantized field interact with atoms 
and are responsible for spontaneous 
emission and for small radiative corrections 
to atomic energy levels. Spontaneous 
emission can be viewed crudely as stimu- 
lated by the ground-state quantum fluctua- 
tions in the electromagnetic field coupled 
to the atom. Ordinary stimulated 
transitions can be altered by changing the 
incident field frequency or intensity, but 
spontaneous decay would appear to be un- 
alterable unless the field vacuum state can 
be changed. Recently Kleppner of MIT 
proposed! a method for doing just this, by 
placing the excited atom in a small high-Q 
cavity which ‘squeezes out’ some of the 
radiation modes and changes the mode 
density. The cavity can either frustrate or 
enhance the decay by a factor of the order 
of O of the cavity, depending on the cavity 
detuning from atomic resonance’. The 
effect of mode confinement on decay life- 
times provides new and direct information 
on the nature of spontaneous decay. 

The idea of altering the radiation field 
vacuum state is an old one, going back at 
least to work in the 1940s on quantum 
Casimir forces between conducting plates. 
An enclosing cavity alters the boundary 
conditions of the problem and changes the 
appropriate mode expansion for the field. 
An elementary example of this is a one- 
dimensional cavity supporting only stan- 
ding waves: an excited atom in such a cavity 
will have a strongly position-dependent 
lifetime which is enhanced or diminished 
depending in part on whether the atom is 
sited at a node or antinode of the field 
mode. In the 1960s and 1970s, Barton, 
Power and others used appropriate mode 
expansions and counterterms to uncover 
cavity-mode alterations in atomic energies, 
radiative corrections and lifetimes. This 
extensive theoretical work on energy shifts 
has been supplemented by meagre and 
rather negative experimental activity (see, 
for example, ref.3). 

Kleppner’s suggestion, based in part on 
his Brandeis Summer Institute lectures of 
1969, is to ‘freeze out’ vacuum modes by 
using a waveguide cavity with character- 
istic dimensions small compared with the 
decay radiation wavelength. This seemed 
to be unattainable with optical frequencies 
involved in normal decay. The alteration of 
spontaneous decay rates by dielectric wave- 
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guide structures had already been discussed 
by Wittke*, with particular emphasis on its 
importance in heterojunction light- 
emitting diodes; Kleppner has re- 
investigated waveguide effects but on 
highly excited Rydberg atoms. Such highly 
excited states decay slowly if they possess 
both a large principal quantum number 
and a large angular momentum; when they 
decay they do so slowly to a nearby 
Rydberg state, with the emission of very 
long-wavelength radiation. This enables 
larger and perhaps experimentally feasible 
waveguides to be used and Kleppner states 
that experiments are in progress. 

More theoretical work will be needed 
before any experimental results can be 
properly evaluated. Kleppner concentrates 
solely on the ‘mode density’ and arrives at 
position-independent lifetimes from a 
modified golden rule. The atomic lifetime 
will clearly depend on the distance of the 
atom from the cavity wall simply because 
the ‘inducing’ vacuum field modes have a 
strong spatial dependence which is 
reflected in matrix elements; this has been 
omitted by Kleppner. His results seem to be 
an averaged-out approximation to the 
proper mode-expansion results and this 
needs examination. In particularly simple 
geometries (such as a pair of infinite 
mirrors separated by L, with an atom at 
position Z from one of the mirrors), the 
cavity-dependent lifetimes can be 
computed using proper mode expansions’ 
or image techniques®. The effect of cavity 
wall conductivity has been investigated in 
such simple systems using various models 
(see, for example, refs 7 and 8). 

It might be thought that experiments on 
these effects using optical decay 
wavelengths would be extraordinarily 
difficult, this is not the case: using the 
Langmuir~Blodgett monomolecular layer 
technique it is possible to situate 
fluorescent molecules a fixed and micro- 
scopic distance between dielectric or 
metallic surfaces and to study the alteration 
of spontaneous lifetimes by an altered local 
environment®?. Such experiments have 
revealed that spontaneous decay is not an 
immutable effect but is sensitive to the 
details of the confining geometry, and 
Kleppner’s work indicates fascinating 
modifications to the properties of highly 
excited atoms in optical waveguides. ‘= 
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A Nature survey of the neurosciences 


In one sense, the neurosciences are at the 
cutting edge of the new biology. Informed by 
new understanding and empowered with a 
Staggering array of new techniques, they are 
engaged with one of the most teasing — and 
oldest — questions — “How does the physical 
representation of the mind, which is called the 
brain, carry out its functions? ”’. But in another 
sense, the neurosciences include some of the 
most tedious of investigations. The continual 
improvement of technique, staggering though it 
may be, is as often a source of frustration and 
disappointment as of discovery. This year’s new 
way with neurones could be next year’s discard. 

Single experiments, such as investigations of 
the behavioural consequences of supposedly 
neurone-specific drugs or the consequences for 
neuronal development of particular forms of 
sensory deprivation, may take weeks or months. 
Often, the behaviour of neurones in, say, the 
human central nervous system must be inferred 
from that of model systems. (There are sub- 
liminal as well as formal inhibitions of the use 
of human brains.) In general, the neurosciences are 
in the business of making bricks without straw’. 

A further difficulty is the huge gap between the 
microscopic and the macroscopic. In an organ 
such as the liver (admittedly at one extreme), the 
biochemistry of a single cell is a good 
approximation to that of the whole. In the 
nervous system, however, cells with outwardly 
indistinguishable properties must in reality have 
different functions. The neurosciences are thus a 
Challenge for the reductionists: can it be 
respectable to account for the properties of an 
integrated nervous system by giving a catalogue 
of neurones with different properties? The 
outward similarities of cells from nervous tissue 
have prompted an often exciting hunt for 
differences between them; the differentiation of 
a supposedly common cell type in such subtly 
different ways is, for the time being, neglected. 

So why do the neurosciences remain buoyant? 
Part of the explanation is that the frustrations of 
laboratory work and of concept formation are 
more than outweighed by the underlying 
challenge. How, after all, does the brain work? 
Nobody knows, but many believe, as their 
predecessors have always thought, that they are 
within an ace of knowing. 





What follows is an account, necessarily 
subjective, of where the neurosciences stand in 
the opinion of outside observers. It has been 
compiled partly by the reading of the journals 
(Nature not dominant but not negligible among 
them) but mostly by conversation. 

The objective is not so much to startle 
neurobiologists themselves as to interest those 
who work in other fields in what their fellow- 
scientists are up to. For one of the abiding 
problems of the neurosciences is that they are 
poorly understood. 

The techniques usually demand exceptional 
skill. The jargon is more than usually 
impenetrable because it has grown up by 
accretion from several disciplines — and with 
plenty of etymological licence: thus while a 
chemical that offsets the effects of some drug 
may properly be called its antagonist, why 
should another chemical with similar effects be 
called an agonist when no such word appears in 
English dictionaries (and the original Greek has a 
different meaning)? Then, like the spectro- 
scopists of the early 1920s, the neurobiologists 
often give the impression of grubbing for data 
while lacking the leisure to consider the grand 
questions — what is it all for? and so on. The 
prizes will go, no doubt, to those whe ask these 
questions. 

Indeed, when asked what their long-term 
objectives are, most people say that philoso- 
Phical speculations are the prerogative of retired 
persons, many of whom have been known to 
write books on the subject in their old age. Could 
it be that the neurosciences as they are would 
profit from a greater reflectiveness among their 
practitioners? Is it possible that in this field, as in 
high-energy physics a few years ago, something 
that might be called truth is obscured by too 
much data? Or does that opportunity still lie 
some way ahead? 

Nobody can tell. Since the beginning, say in 
Galvani’s time, the most serious impediment to 
the neurosciences has been the difficulty of 
forming concepts. The recent influx of people 
from computer science — some of whom like to 
say they work in artificial intelligence — has 
helped a little, but not decisively. Maybe the 
outstanding problem of the neurosciences is to 
specify the problem to be solved. 
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Changing fashions can 


make sense 


COLLECTIVELY, neurobiologists tend to 
give the impression of ebullience. 
Individually, they are defensive. The most 
provoking question is that of why, in the 
neurosciences, fashions come and go so 
quickly. 

Why are the putative peptide neuro- 
transmitters, widely thought to be 
important keys to understanding only three 
years ago, now more often canvassed as 
modulators of neuronal function? Why 
has the cleverness of those who are able to 
make intracellular recordings of the 
electrical behaviour of single neurones led 
chiefly to a recognition that the urgent need 
is for an understanding of how pairs of 
neurones function? Whatever happened, 
anyway, to the belief that memory resides 
in persistent chemical changes within nerve 
cells? (That, as it happens, is alive and well, 
but altered — see page 525.) 


Trends 


The defensive, sometimes tetchy but also 
justifiable response is that neurobiology is 
more than merely fashionable. 
‘‘Neurobiology’’, the practitioners say, 
“has never been more exciting.” And even 
last year’s fashions, they insist, have served 
a useful purpose. This or that technique 
has yielded its harvest of data, its modicum 
of understanding. So who can say that this 
year’s fashionable techniques may not 
bring home the bacon? 


So what is now in vogue? One solid 
foundation for the future is emerging. 
Neurones are cells in many ways like other 
cells, and neurobiology has inevitably 
profited from the application of techniques 
recently developed elsewhere in cell 
biology. 

Thus there has now burgeoned a flood of 
work directed at the use of monocional 
antibodies raised by the use of nervous 
tissue, fractionated in some way or other. 
The hope is that monoclonal antibodies 
will be found that are specific for cell- 
surface proteins which are themselves 
characteristic of certain types of neurones, 
perhaps for example making possible 
distinctions between neighbouring nerve 
cells with very different functions. 
Similarly, monoclonal antibodies may 
make it possible literally to tag the protein 
molecules of which the receptors specific 
for neurotransmitters are constructed, thus 
helping in a close study of their 
distribution. As elsewhere in cell biology, 
however, these efforts (some of whose 
successes are described below) are a little 
like fishing expeditions. 

Still more exciting is the prospect that 
techniques now widely used elsewhere in 
cell biology for relating the function of a 
cell to the chain of information transfer 
from DNA to RNA to protein may be 
applicable to neurones, hitherto regarded 
as improbable candidates for such 
investigations. For neurones, because they 
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Fig.1 Schematic models of (a) linear and 
(b) parallel processing networks. In each 
diagram, each link (represented by o) 
represents a directionally significant or 
rectified relationship between an input and 
an output. 





Nature Vol, 293 15 October 1981 


do not normally replicate, are not expected 
to be major protein producers. The 
question whether it may be possible to 
isolate from neurones species of MRNA 
that would somehow characterize the 
functions of the cells from which they are 
derived, perhaps because they specify 
receptor protein molecules, was discussed 
enthusiastically at a meeting at Woods 
Hole in May. Several investigators 
returned to their laboratories determined 
to make the most of suggestions that RNA 
species in neuronal cells may be relatively 
few in number, and characteristic of the 
small number of specific materials 
produced in neuronal cells. 

For the rest, however, one of the sur- 
prises of the past few years has been the 
resurgence of interest and the deepening of 
interest in two somewhat conventional 
aspects of the neurosciences — the 
anatomy of the nervous system and the 
physiology of the neurone. As always, 
novel technical developments have been 
influential, but people have been asking 
more pertinent questions. 


* 


Structures 


The anatomy of the mammalian nervous 
system is of necessity complex. The 
classical description of the recognizably 
different structures of the brain has long 
since made it possible for people to publish 
atlases showing how different parts are 
related to each other. Thus the hypothal- 
amus, sitting as it does immediately above 
the pituitary gland, is physically well placed 
to be the brain’s way of influencing the 
supply of, say, sex hormones to the body as 
a whole, and so much has of course been 
confirmed by the continuing torrent of bio- 
chemical studies. But what is the special 
function of the structure in the centre of the 
brain known as the claustrum? Such 
previously cryptic structures are now, for- 
tunately, turning out to have an identifi- 
able role, lending support to the notion 
that gross anatomical structures that crop 
up in all normal nervous systems within one 
species, and which recur in some way or 
another in other species of the same 


phylum, are unlikely to be ‘‘there’’ for 
nothing. 
Anatomically, however, the more 


absorbing questions about the brain are 
micro-questions. If, for the sake of 
argument, the human brain has 10” 
neurones, some of which may make up to 
1,000 connections with other cells, it is 
plainly crucial to know which kinds of cells 
make what kinds of connections with other 
kinds of neurones. Biochemical techniques 
have revolutionized the process of 
answering such questions, especially in 
cataloguing the functions of the various 
regions of the cerebral cortex (where cog- 
nitive function seems to be concentrated). 

The resurgence of interest in the 
physiology of the neurone is less a con- 
sequence of the development of techniques 
(which have nevertheless been essential) as 


of the dawning recognition that if out- 
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wardly similar neurones are capable of 
behaving differently, these differences are 
likely to be reflected in their physiological 
properties. This year’s fashion, as it 
happens, is the speculation that Ca?* ions 
may have an important role in modifying, 
over a period of days, weeks or months, the 
physiology of a single neurone: this line of 
enquiry has an obvious relevance to specu- 
lations about the mechanisms of learning 
and of memory. 

In the long run, however, the 
neurosciences must explain how a 
collection of about 10'* neurones could 
possibly accomplish the sorts of things that 
go on in people’s heads. The argument that 
the brain is merely a kind of computer has 
been advanced ever since the development 
of computers, and is widely accepted. The 
neuroanatomists have, however, found 
that nervous systems differ from conven- 
tional (electromechanical) computer hard- 
ware in two important respects. First, there 
is an element of parallel processing in the 
interlinkage of neurones that does not (as 
yet) crop up in electronic computers 
(Fig.1). Second, although not as malleable 
as many other kinds of cells, individual 
neurones are not fixed for all time — a cut- 
off axon may in favourable circumstances 
be regenerated, an intact neurone may, 
without necessarily changing its shape, 
change its function (the phenomenon of 
plasticity) as appears to be commonplace 
during the early development of the 
nervous system. 

So how does the analogy of the computer 
account for cognition? Most neuro- 
biologists, it must be acknowledged, are 
suspicious of the analogy, but have little to 
put in its place. But the computer people 
are also at a loss to know just how far to 
take the analogy. Luckily, this field of 
enquiry has been enlivened by the work of 
the late Dr David Marr at Massachusetts 
Institute of Technology, whose algorithm 
of binocular vision appears to have been 
confirmed in the psychometry laboratory”. 
So there has been an influential resurgence 
of the view that the working of a nervous 
system will be understood only when it has 
been possible to build an electromechanical 
model of one. 

As things are, these disparate 
approaches mix like oil and water. Indeed, 
the hallmark of neurobiology is the way in 
which the people involved are still 
imprisoned not so much by their disciplines 
as by their time-consuming techniques. 
Much of the work referred to in the 
following pages has been carried out with 
experimental systems first conceived of a 
decade ago, which cannot be ideally 
pertinent to the questions with which 
people are now concerned. So it is a good 
augury for the future that the hard core of 
neurobiology has been well unified. The 
Neurosciences Study Program, begun in 
the late 1950s by Professor F.O. Schmidt of 
Massachusetts Institute of Technology, 
has been an important influence in this 
direction. But there is some way to go. 
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Rise and fall of voltage-clamps 


VOLTAGE-CLAMPING has become a kind 
of magic in neurophysiology. Although 
the principle is simple enough — to keep 
the voltage across a cell membrane con- 
stant — the technology of voltage-clamp- 
ing has become a sophisticated exercise in 
electrical engineering. Technically, a 
voltage-clamp is a negative feedback 
device — the membrane voltage must be 
monitored and corrected by means of the 
output of an amplifier whose signal is the 
time differential of the voltage. That 
done, it is merely necessary to measure 
electrical current. 

Such systems are notoriously prone to 
instability. People worry about the fre- 
quency response of the amplifiers they 
use, the way in which the components of 
the electronic system are shielded from 
each other (to reduce stray capacitances 
in the system) and the exact balance 
between the resistance of the two micro- 
electrodes (one inside and one outside the 
cell) and the impedance of the amplifiers. 

The benefits, first recognized by K.S. 
Cole’ in 1949, are nevertheless 
substantial. Put simply, the current 
through a cell membrane is the sum of the 
currents due to the transport of ionic 
species and the effective current arising 
from the non-zero capacitance of the cell 
membrane, which is proportional to the 
rate of change of the voltage. One im- 
mediate consequence is that it may be im- 
possible to separate the ionic current from 
that due to the membrane capacitance 
unless it can be arranged that the trans- 
membrane voltage is constant in time. 

Those in the business of voltage-clamp- 
ing are, however, usually seeking more 
ambitious objectives. Since the work of 
Hodgkin and Katz* in 1949, it has been 
clear that the membrane conductances 
for K* in Na* are voltage-dependent, 
sodium channels opening more quickly 
than potassium channels. In 1952, 
Hodgkin and Huxley’ used the same 
technique to study the sequence of events 
following the depolarization of a nerve cell 
membrane (which usually encloses a cyto- 
plasm about 65 millivolts electrically 
negative compared with the exterior). 

Their notion that a reduction of the 
(negative) membrane potential may first 
increase the inward flow of Na+ (further 


depolarizing the membrane) and then 
increase the outward flow of K* (restoring 
normality) is now the basis for explaining 
the passive electrical properties of neurones 
and the propagation of electrical signals 
along the processes of nerve cells, axons and 
dendrites alike. More recently, it has been 
possible to disentangle the effects of 
membrane channels supposedly specific for 
potassium and sodium by means of 
materials which appear specifically to block 
the two kinds of channels. 

Plainly, the voltage-clamping 
technique can be used in other fields. Is 
the effect of specific drugs on neurones 
principally to affect the conductance of 
the cell membrane for sodium and 
potassium? What about the interaction 
between pairs of neurones — either that 
mediated by the movement of chemical 
neurotransmitters or that which appears 
purely electrical? 

In these connections, one of the by- 
products of the technique of voltage- 
clamping is that even the noisiness of the 
measured current has turned out to be of 
value. For it appears that fluctuations of 
the current may be related directly to the 
opening and closing of membrane 
channels — a point first demonstrated by 
Katz and Miledi® in 1970 with the motor 
endplates of muscle fibres activated by 
the neurotransmitter acetylcholine. 
Comparable studies with neurones have 
since provided estimates of the density of 
sodium and potassium channels in typical 
membranes and thus of their con- 
ductance in molecular terms. The 
spectrum of current fluctuations is a 
means of deriving the frequency 
distribution of the times for which ion 
channels are open or shut. 

No doubt people will be worrying 
about the best design for voltage- 
clamping for many years to come, yet for 
many it will be more rewarding to learn 
the equally demanding skill (first demon- 
strated by Neher and Sakmann’ in 1976) 
of working with only a patch of 
membrane of a neurone; the response of 
the membrane channels to a transient 
(microsecond) voltage pulse lasts for 
much longer than the transient displace- 
ment current arising from the electrical 
capacitance of the membrane. 





Fig.2 Low (upper) and high (lower) gain recordings of current across frog muscle endplate 


under the influence of a steady discharge of acetylcholine from a micropipette. Peaks in the 
right-hand panel represent spontaneous endplate potential peaks. (Photo: Sir Bernard Katz.) 
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Revival of neuronal 
electrophysiology 


THAT there should have been a revival of 
interest in the properties of single neurones 
is not surprising. As cells go, neurones are 
unusual structures, able to convert an input 
signal into an output signal over distances 
that ordinarily amount to several milli- 
metres and which may be ten times as 
much. To paraphrase, it might be said that 
the three most important reasons for the 
revival are ‘‘technique, technique and 
technique’’. In reality, there is a little more 
to be said. 

The most influential development has 
been the penetration through the 
community of those concerned (and their 
students) of the coherent view of how 
neurones function, developed more than 
fifteen years ago by several people among 
whom Hodgkin and Huxley are 
conspicuous. Traditionally, the 
electrophysiology of neurones has been 
impenetrable for people working in other 
fields because the practitioners were often 
at a loss to know why, for example, a 
change of the external voltage of a neurone 
would trigger electrical activity within the 


External 
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Fig. 3 Transmission line equivalent of 
conduction along a nerve process. The 
parallel resistors and capacitors represent 
the membrane resistance and capacity for 
an infinitesimally short length of cell 
process (and there is an infinite number of 
them). One complication in computation is 
that the resistances are voltage dependent. 


cell (and sometimes suppress it). 

Neurones, like other cells, are devices 
whose special properties derive from 
mechanisms by which they contradict the 
requirements of thermodynamics. 
(Entropy is by no means a maximum.) 
Neurones are primarily cells in which the 
internal concentration of K~ is greater 
than would be expected from the external 
concentration of this ion outside the cell, 
while the Na* concentration is less, 
and,even when passive, neurones must 
expend metabolic energy to maintain this 
state of affairs. 

That changing the voltage across the cell 
membrane (which encloses a space which is 
electrically negative by about 50-60 mV) 
might have the dramatic effects observed 
classically in electrophysiology — a brief 
spike of current inwards across the cell 
membrane followed by a less intense 
current in the opposite direction — is 


neatly explained by the superposition of 
two opposing flows of Na* and K+, the 
first of which grows more quickly than the 
second. So attention has naturally turned 
to investigations of the properties of the 
channels in neuronal cell membranes that 
effect the transfer of sodium and 
potassium ions (and of others as well). That 
their conductance should be voltage 
dependent, well attested by experiment, 
remains to be accounted for in molecular 
terms. 

Similarly, the propagation of electrical 
signals along the length of the long 
processes of nerve cells, axons for example, 
has been cast into terms easily recognizable 
by electrical engineers concerned with 
transmission lines. The electrical 
properties of the cell membrane are the 
equivalents of capacitance and resistance 
connected in parallel and distributed 
between two more or less parallel 
conducting transmission lines — the 
cytoplasm and the cell exterior (see Fig. 3). 
So the electrical properties of a neurone 
may be connected, at least in principle, 
with the molecular properties of its 
constituents. Neat explanations of familiar 
observations tumble out — neuronal axons 
wrapped in myelin (a dielectric) have 
lowered capacitance and thus (according to 
the electrical engineers) propagate signals 
at a heightened speed. 

None of this, of course, is intended to 
suggest that there is a well tried model of 
neuronal function that has been confirmed 
in detail; rather, there is a model of how 
neurones function that happens to be 
consistent with certain familiar 
phenomena and which is powerfully 
suggestive of investigations that may throw 
light on the more detailed behaviour of 
different types of neurone. The 
development has something in common 
with the stimulus provided for chemists by 
the invention of the Periodic Table. 


New ways 


The study of these phenomena has been 
transformed in the past few years by the 
development by Neher and Sakmann’ of 
a technique for measuring the movement 
of ions through small patches of the 
membrane of acell. The technique involves 
the use of a micropipette into which (in the 
most recent version of the technique) a 
patch of membrane is sucked so as to make 
a seal whose electrical resistance is very 
large (see ref. 8 and Fig. 4). As a result, 
leakage is minimized. 

Neher and his associates have been able 
to show (first with muscle fibres): that 
patches about 1 wm in diameter may 
contain small numbers and perhaps only a 


single channel that can be opened by the 
influence of the neuromuscular transmitter 
acetylcholine; that such a channel will 
remain open for several milliseconds 
before closing spontaneously; that the 
times for which the same channel is open 
are Statistically distributed in. an 
exponential fashion; and also that a 
channel will spontaneously become 
desensitized to acetylcholine after some 
seconds of activity, but that it will 
afterwards spontaneously recover its 
activity, again on a time scale of seconds. 

The development of techniques in elec- 
trophysiology, quite apart from giving 
currency to the verb ‘‘to voltage-clamp’’, 
has also made it possible to extend studies 
of neuronal function from exceptional 
neurones — the giant axon of the squid, for 
example — to neurones whose behaviour is 
more likely to resemble that of the mam- 
malian nervous system. The same measure- 
ments can yield estimates of the strength of 
ionic currents. Delicate neurophysiology 
of this kind is not yet possible with 
neurones that are parts of intact nervous 
systems, however. 

These techniques have made it possible 
to confirm earlier estimates of the capacity 
of ion channels — when open, they appear 
capable of transmitting some 15,000 to 
30,000 ions each millisecond. The time 
taken for an acetylcholine molecule to 
provoke the opening of a channel (too 
small to be resolved directly) is probably a 
few microseconds. There is evidence? that 
acetylcholine receptors isolated from the 
electric organ of the electric fish Torpedo 
mormorata function in the same way, even 
when incorporated into synthetic lipid 
bilayers. 


Where next? 


In these early days, the importance of this 
technique cannot easily be guessed at. 
Muscle fibres are not necessarily 
representative of neurones as such, but 
there is no reason why these observations 
should not be extended (by those who have 
mastered the technique). There have been 
some suggestions that, while the observed 
properties of single ion channels are 
qualitatively consistent with the Hodgkin- 
Huxley picture, some apparent quan- 





Fig. 4 Schematic diagram of patch clamp 

measurement. The diameter of the pipette 

may be from 0.3 to 0.5 um. (From 

Sigworth and Neher, Nature 287, 447; 
1980.) 
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titative discrepancies may be significant. 
Those who hope for the best look 
forward to the use of the patch technique 
for the direct measurement of the 
properties of neurones too small to be 
measured by means of intracellular 
electrodes and for distinguishing between 





THE mechanism that concentrates 
potassium ions within neurones (and other 
cells), the sodium—potassium pump, has 
recently been given a degree of notoriety 
because of the suggestion by Professor 
Efraim Racker’s group at Cornell 
University'! that phosphorylation of the 
enzyme responsible might be the crucial 
step in a cascade of biochemical reactions 
leading to malignancy. Although 
frequently overshadowed by the hunt for 
active receptors on neuronal cell surfaces, 
the characterization of the molecular 
components of the pump has made good 
progress in the past decade, but 
controversies and uncertainties persist. 

Like the contents of other kinds of cells, 
the contents of neurones are in profound 
chemical disequilibrium with the ex- 
tracellular space. It is therefore a little odd 
that while there is great interest centred on 
the search for neurotransmitters that will 
help to undermine this state of dis- 
equilibrium by making neuronal mem- 
branes more permeable to ions, the 
méchanism that maintains the dis- 
equilibrium appears to be regarded as a 
somewhat traditional branch of 
biochemistry — but is not well understood 
on that account. 

Part of the trouble may be that the agent 
responsible has been recognized as a 
protein and as an enzyme bound in the cell 
membrane, but was originally known by 
the most undescriptive (and misleading) 
name in the biochemists’ vocabulary — 
that of a K*- and Nat -dependent 
membrane-bound ATPase. Although 
more is now known of this pump, the true 
nature of this essential constituent of the 
cell membrane is far from clear. 


Uphill work 


Another reason why the sodium-potas- 
sium pumping mechanism receives less 
attention than it deserves is that it plays a 
crucial part not merely in glamorous 
organs such as the nervous system but also 
in muscles, conspicuously (in everyday 
clinical experience) in those of the heart, 
whose supply of potassium must be 
artificially made good following the use of 
glycosides such as digitalis in heart disease. 

In all cells, the normal function of the 
pump is to extrude Nat and to take in 
K* ions. Even in resting cells, leakage of 
the ions in the direction of thermodynamic 
equilibrium is continuous, although not as 
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the effects of different extracellular agents 
(including drugs) on the permeability of the 
cell membrane. At least one experiment’? 
Suggests that the effects of local 
anaesthetics on the cell membrane may be 
to interrupt the flow of ions through a 
membrane channel, perhaps by physically 


great as when they are depolarized. Ion 
transport by the sodium-potassium pump 
must be sufficient, in the resting cell, to 
balance passive leakage, but must also be 
capable of restoring the loss of potassium, 
and of removing the unwanted increment 
of sodium, after a period of activity by a 
nerve (or muscle) cell. 

The normal resting voltage of a neurone 
is a direct measure of the free energy 
involved in the process — the height of the 
hill up which water (represented by 
potassium) must be made to flow. Physical 
ghemists will recognize that the voltage 
corresponding to the maintenance of K+ 
concentrations inside and outside the 
membrane of, say, C, and C, is given by the 
Nernst equation as 


RT/F W(C/C) 


where R is the gas constant, F the Faraday 
constant and T the temperature. To 
account for the maintenance of multiple 
ion-gradients, the concentrations in this 
equation must be replaced by those of all 
the ion species weighted according to their 
permeabilities through the membrane. In 
the resting neurone, this entails a slight 
reduction of the voltage due to potassium 
disequilibrium that would otherwise 
obtain. 


The pump 


The essential ingredients of the Na+ /K* 
pump are two protein molecules, one a 
hydrophobic protein of about 120,000 
daltons and the other a glycoprotein of 
55,000 daltons (see Fig.5). The two 
components are closely associated, and it 
appears to be common ground that equal 
numbers of the two molecules are involved 
in transporting Nat and K+, that the 





Fig.5 Drawing of the imagined molecular 


Structure Na*- and K *-dependent 
ATPase. The subunits are drawn so that 
their volumes correspond to molecular 
weights of 120,000 and $5,000 using as a 
scale the width of the bilayer (4.0 nm). 
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blocking it, perhaps by some special i 
interaction with the receptor. The 

application of the same technique to 
detached patches of cell membrane offers a 
way of exploring the intracellular 
influences on ion transport through 


EEN 


neuronal membranes, m 








ng potassium run uphill 


protein is embedded in the cell membrane 
and that its effectiveness in transporting 
sodium {normally outwards) and 
potassium (normally inwards) involves 
both phosphorylation (by ATP) and a con- 
formational change of the enzyme. 

There is, however, disagreement about 
whether the pump exists in membranes as a 
dimer of a linked pair of protein molecules 
(see refs 12, 13) and some doubt whether 
the customary view that the export of 
sodium is followed sequentially by the 
import of potassium must be replaced by 
the view that the two cations are 
transported more or less simultaneously. 
Participants at a conference at Yalé 
University earlier in the summer appear to 
have been persuaded that simultaneous 
transport may now be more plausible, 

Either way, the phosphorylation of the 
enzyme is accomplished by the transfer of 
one phosphate group from a molecule of 
ATP — a process for which Na‘ is 
necessary — and the subsequent de- 
phosphorylation (catalysed by K*)}. 
Transmembrane transport appears to 
involve the sequestering of ions within the 
structure of the protein and the kinetics 
and thermodynamics of the process appear 
to be consistent with the export of three 
Nat and the import of two K+ ions for 
each cycle of phosphorylation and 
dephosphorylation. 

With the help of sodium—potassium 
pumps in special systems, red cell ghosts 
for example, it has been possible to 
demonstrate'* that the pump can be made 
to operate abnormally in suitable 
circumstances, pumping either Na’ or K* 
alone, or even operating backward: (which 
merely confirms the inference from the 
Second Law of Thermodynamics that 
Maxwell’s demon does not exist). 

Several important issues remain 
unanswered. What, for example, is the 
significance of the close molecular 
homology around the site of phos- 
phorylation (an aspartic acid residue) in the 
sodium—potassium pump and the ana- 
logous pump for Ca?+? It would be no 
great surprise if these analogous enzymes 
had a common evolutionary origin. What 
are the mechanisms whereby the 
mechanism of the pump may be blocked by 
drugs, glycosides for example? This 
question is clinically significant, as is the 
open question whether the pump has some 
relevance to the use of lithium in the 
treatment of manic depressives. i 
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Passing messages 


downstream 


ONE of the successes of the past few years in 
neurophysiology has been the description 
of how neurones communicate with their 
neighbours, as they must in any properly 
functioning nervous system. Whether the 
medium of communication is strictly 
electrical (literally the movement of ions 
across a gap junction) or the release of a 
chemical transmitter at a synapse, the 
immediate consequence is to increase the 
permeability of the postsynaptic 
membrane to the ions principally involved, 
Nat and K*. In the membranes of 
postsynaptic cells at gap junctions, the 
normal channels of permeability are suf- 
ficient. In chemical transmission, other 
distinct characteristics are involved. 


Electrical connections 


WITH the excitement of the past several 
years at the discovery of new chemicals or 
classes of chemicals capable of effecting 
communication between neurones, 
people have tended to overlook the 
importance of strictly electrical 
communication between neurones. They 
should not. The 1920s controversy 
between Sir Henry Dale, who argued that 
synapses (the points at which neurones 
approach each other closely) are bridged 
by neurotransmitters, and Sir John 
Eccles, who argued that electrical current 
did the job, has been settled as a drawn 
game. (Ironically, Eccles gave in at about 
the time that Fatt and Katz!’ provided 
conclusive evidence in his support.) 

Both methods of communication are 
common. One of the surprises of the past 
year or so is that electrical 
communication has been demonstrated 
in the mammalian hippocampus, 
hypothalamus and olfactory cortex, 
mostly by electron microscopy but in 
some investigations by physiological 
means. 

Two features of such an electrical 
junction are distinctive'®. First, the 
distance between the outer surface of the 
two neurones is an order of magnitude 
smaller than that across the typical 
chemical synapse, and may be merely 2 
nm (20 A). Second, electron micrographs 
suggest a visible gap in each of the 
membranes placed so that the cytoplasm 
of the two cells may be thought to be in 
direct communication. 

Electrical synapses are not, however, 
simply holes in neighbouring neurones 
that happen more or less to coincide with 
each other. Largely on the basis of 
electron micrography, it appears that 
such gaps are spanned by well-ordered 


So much has been demonstrated unam- 
biguously by the technique of patch 
recording developed by Neher and his 
colleagues’ but has earlier been 
demonstrated by Katz and Miledi'®, at least 
for those forms of signalling between 
neurones in which the presynaptic cell 
excites a positive response downstream. 


The neuromuscular junction 


At the neuromuscular junction (where the 
neurotransmitter is acetylcholine), 
exposure of the muscle cell to transmitter 
can be recognized by the opening of 
sodium and potassium channels for 
periods measured in tens of milliseconds. 
More recently, Neher and Steinbach have 


hexagonal structures made of molecules 
of a protein called (no doubt for want of a 
better name) connexin. 

The basic constituent of connexin is a 
protein molecule of about 27,000 
daltons, whose amino acid constitution is 
well on the way to being determined. 
Hexamers of connexin form dumbbell- 
shaped structures which double up, end 
to end, form ‘‘connexons”’ that span the 
gap between neurones, and are 
themselves arranged in a roughly 
hexagonal pattern (see, for example, 
Unwin and Zampighi'’). 

Electrical synapses have the advantage 
of speed. A signal in the presynaptic cell is 
a pattern of positive charge travelling 
along the cell process at a speed 
determined primarily by the capacitance 
of the cell membrane and the electrical 
conductance along the process. 

At electrical synapses, where it is sup- 
posed that the inter-cell electrical 
conductance is high compared with that 
across the membrane, there is no reason 
why the wave of depolarization should 
not be projected directly into the post- 
synaptic cell. Moreover, the process is 
fast and a signal can be transferred from 
one cell to another without being spread 
out in time or made less sharp. 

In many of their roles, electrical 
junctions may be important because they 
allow two-way communication. Such 
reciprocal signalling may be necessary 
when groups of neurones are required to 
function in concert. The increased 
frequency of electrical communication in 
cold-blooded animals such as fish 
suggests that it may be an adaptation to 
low-temperature operation, when the 
rate of cell metabolism on which chemical 
signalling depends is reduced. But 


shown that the period for which the 
channels are open can be increased by the 
use of analogues of the transmitter. 

That the consequences of such an 
increase of permeability should tend to 
excite the postsynaptic cell is easily 
understood. For if such a cell is even par- 
tially depolarized electrically, the flux of 
Na+ and K+ ions is increased. 

Thus, to some degree, the effects of a 
neurotransmitter on the membranes of a 
postsynaptic cell mimic the state of affairs 
obtaining during strictly electrical 
depolarization. Provided that the 
increased permeability is sufficient to 
correspond to the threshold voltage at 
which a cell will spontaneously produce 
(and propagate along its length) an action 
potential (a spike of voltage, or a pulse of 
current), even a chemical signal from a pre- 
synaptic cell will cause the postsynaptic cell 
to fire. 

There is, however, endless scope for 
subtlety in this interaction. If the effect ofa 
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Fig. 6 Electron aa of isolated gap 
junction sheets viewed from a direction 
perpendicular to the plane of the 
membranes. The connexons are seen as 
annular units organized on a hexagonal 
lattice, with unit cell dimensions 85 A 
Uranyl acetate negative stain. 


devotees insist that electrical signalling is 
not phylogenetically primitive — it does 
not occur in protozoa for example. 

Moreover, it also seems that the 
efficiency of signalling across a gap 
junction is not simply a function of the 
shape of the gap, but that it can be 
regulated by physiological changes in the 
cell medium, especially by variations of 
pH and, less well, by the concentration of 
Ca?+. Those working in the field hold 
that the prevalence of electrical signalling 
between neurones is at least as important 
as the discovery of a new class of chemical 
neurotransmitters. 

Indeed, electrical communication is 
surprisingly common. In the past year or 
so, gap junctions have been demon- 
strated in the mammalian hippocampus, 
hypothalamus and olfactory cortex, 
usually by means of electron microscopy 
but in some cases physiologically. 
Previously, electrical junctions had been 
recognized mostly in the peripheral 
nervous system — the spinal column, 
retina and so on. 
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neurotransmitter at a synapse on the post- 
synaptic cell is, for example, to increase the 
permeability of the membrane to K* ions, 
the consequence will not be excitation but 
inhibition — the potential across the post- 
synaptic membrane will be increased (made 
more negative) and the chance that the cell 
will reach the threshold at which signals are 
propagated will be decreased. 

In any case, the membrane channels for 
sodium and potassium opened by 
neurotransmitters are distinct from those 
normally responsible for membrane 
permeability and are, in particular, not 
voltage sensitive. In many cells, the influx 
of sodium and the efflux of potassium are 
simultaneous and roughly balanced 
stoichiometrically, so that the effect of a 
neurotransmitter is rather like that of a 
sodium—potassium pump forced to run 
backwards. (But the sodium—potassium 
pump is too slow.) The consequences for 
the chance that the postsynaptic cell will 
produce an action potential, a spike of 
voltage, are determined by the physical 
distribution of the different types of 
channels in the process of the postsynaptic 
cell carrying the synapse. 


Neuronal conduction 


Computer engineers will recognize that 
these properties of chemical synapses are a 
means by which physiological analogues of 
familiar computer circuits may be con- 
structed. Neurones normally carry several 
synapses on the same process (say a signal- 
collecting dendrite) and have several such 
processes running to the main body of the 
cell. Whether the output end of the cell will 
then transmit an onward signal depends 
not merely on the strength but on the 
phasing in time of the several input signals. 

The existence within a single neurone of 
the equivalent of either “AND” or “OR” 
circuits is thus easily visualized. The 
pattern of dendrites leading to the cell body 
determines what functions the cell is 
capable of. Different functions, “AND” 
or ‘‘OR”’, are possible if some of the input 
signals are null. 

Given the complexity of the standard 
neurone — and those in the motor system 
of vertebrates are known to have as many 
as 1,000 input channels — there are many 
more than two logical alternative choices 
possible. But it appears now to be estab- 
lished that whether a neurone will transmit 
an onward signal or not is determined at a 
point at the base of the axon where the 
depolarization needed to trigger a signal is 
comparatively low, more like 15 mV than 
the usual 30 mV. 

This brief outline of neuronal 
conduction is inevitably an over-simpli- 
fication. For example, it is now known that 
the excitation of a postsynaptic cell 
involves the inward transport of Ca?* 
(ref.19); although the amounts of these 
ions transported are two orders of magni- 
tude smaller than those of Na* and K* (in 
the squid and frog neuromuscular 
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Fig. 7 Electron micrograph of a synapse in the rat cerebral cortex between a dendrite and an 
axon. The axon can be seen passing along the bottom half of the figure, forming en passanta 
varicosity, or bulge, which contains numerous vesicles believed to hold neurotransmitter 
molecules. The dendrite lies above the varicosity, its membrane closely apposed to that of the 


axon. (Photo: Dr P. Gordon-Weeks.) 


junctions examined) it is not likely that the 
Ca?* will be without physiological 
Significance. 

Several questions (apart from the 
possible influence of other ions) remain, 
however, unanswered. The most urgent 
need is an understanding of the molecular 
structure of the two kinds of ion channels, 
those activated by neurotransmitters and 
those which are normal constituents of 
neuronal membranes. The acetylcholine 
receptor offers the most immediate hope 
under the first heading (see below). The 
Prospects for understanding the 
mechanism of the voltage-gated channels 
that account for the flux of Nat and K+ 
during normal activity of a neurone must 
await some means of isolating substantial 


amounts of them. Will cloning help? 

The distribution of transmitter-sensitive 
receptors away from the region of the 
synapse is also unclear — and a potential 
problem. Denervated neuromuscular 
junctions show that sodium—potassium 
channels activated by neurotransmitters 
occur all over the surface of the post- 
synaptic cell. It would be a great surprise if 
the protein receptors responsible (when 
activated by a molecule of neuro- 
transmitter) were all gathered into synaptic 
junctions. So must it be supposed that 
neurones are susceptible not merely to the 
highly directed processes of communi- 
cation at synapses but to generalized 
influences as well? Most probably yes. Bu 
how? Nobody knows. C 


What transmitters do 


THERE are known to be several ways of 
skinning a cat and, similarly, there are 
several ways of inhibiting a neurone from 
firing. So much, for example, is now well 
demonstrated for the neurotransmitter 
called y-aminobutyric acid (GABA for 
short), a simple amino acid closely related 
to glutamic acid — it lacks a carboxyl 
group. Several lines of enquiry suggest that 
the immediate effect of GABA on 
neurones is to increase the permeability of 
the cell membrane to Cl- ions, normally at 
a lower concentration in the interior of a 
neurone than in the surrounding medium. 

The most direct demonstration of this 
function has been provided by studies 


carried out with model systems, for 
example with single neurones obtained by 
growing the embryonic rat spinal cord in 
culture, a system developed at the National 
Institutes of Health by Dr Geoffrey 
Barker. (Similar systems based on the use 
of other embryonic tissue have been used 
elsewhere.) The universal objective is a 
collection of model neurones from which 
voltage-clamped single-cell recordings or 
patch recordings can be made. 


Possible mechanisms 

Any mechanism that allows the inward 
flow of Cl- ions must increase the 
(negative) electrical potential of the 
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. cytoplasm of a neurone, Ayper-polarizing 
it and thus decreasing the chance that the 
cell will be excited. But the responses of 
„individual cells in cultures of rat embryo 
spinal cord neurones vary between cells, 
suggesting that the inhibitory effects of 
GABA depend either on the numbers of 
Cl- channels that happen to be embedded 
in the intact membranes of the model cells 


or perhaps even on the degree to which the 


channels are clumped together, as 
supposedly in a synapse. 

More recently, the inhibition of post- 
synaptic response by GABA has been con- 
firmed by the newer technique in which 
slices of nervous tissue are used for making 
physiological recordings in conditions that 
more closely simulate what may happen in 
real life. Thus Alger and Nicoll?! have 
confirmed the inhibitory effects of GABA, 
but have also suggested that the mechanism 
is unlikely to be exclusively to open CI 
channels in the membrane; perhaps Ca** 
channels are also involved. 

Parenthetically, it is surprising that the 
use of slices of nervous tissue for the study 
of the properties of neurones should have 
been introduced only in the past five years, 
by P.O. Andersen at Oslo”. After all, a 
good deal of biochemistry has been made 
possible, in the past several decades, by the 
use of slices of tissue from the liver and 
other organs. Why not the nervous system? 
One practitioner confesses that the 
explanation may have been the psycho- 
logical aversion of people like himself to 
slicing up the brain or anything connected 
with it. 


Other neurotransmitters 


The inhibition of the postsynaptic cells by 
means of channels that increase the con- 
ductance of Cl- ions has also been 
confirmed for putative neurotransmitters 
other than GABA, for example, the amino 
acids glycine and f-alanine. Indeed, there 
are suggestions that the Cl’ channels are 
indentical for all three amino acids’. 

Other neurotransmitters which inhibit 
postsynaptic neurones appear to function 
in different ways. Thus there is evidence 
that, in the hippocampus, serotonin 
(another of the eight classical 
neurotransmitters) inhibits postsynaptic 
cells by increasing the permeability of the 
membrane to K*. The peptide 
neurotransmitter enkephalin appears to 
have a similar effect in the tissues of the 
locus coeruleus in the mammalian brain. 
Similarly, glutamate (ionically neutral 
glutamic acid) excites postsynaptic cells by 
increasing K* conductance, but the 
peptide neurotransmitters inhibit that 
effect. 


Drug action 

Such studies have also provided the 
beginnings of a rudimentary under- 
standing of how some psychotropic drugs 
may function. Thus there is evidence that 


pentobarbital, an anaesthetic, may have a 
similar effect to that of GABA but one 
which is more prolonged, producing long- 
term inward conductance of Cl- and thus 
inactivation of the neurones concerned”’. 
The benzodiazepines have also been shown 
to affect the conductance of Ci- channels, 
although pharmacological studies showing 
that there are also receptors in the 
mammalian nervous system specific for 
these materials suggest that increased CI- 
conductance may not be the only effect of 
their use. 


Problems 


The burden of such studies is that there is 
no simple way of enumerating the 
responses of a postsynaptic cell to any but 
the simplest of neurotransmitters. First, 
the transmembrane current that 
determines the response consists not 
merely of flows of positive ions such as 
Na*,K~ and, toa lesser extent, Ca? , but 


of CF ions as well. And while some of the 
specific receptors implied by these 
phenomena are plainly also specific for 
certain neurotransmitters, others merely 
have their action modified by secondary 
transmitters — the influence of the peptide 
neurotransmitters on the glutamate- 
sensitive K* channels for example. 

In such complicated circumstances, 
there 1s bound to be a certain uneasiness 
about the applicability of results derived 
from the study of model systems to what 
happens in the real nervous system. A few 
simple truths stand out, however; plainly 
there is a need to know more about the 
channels responsible for Cl’ conductance 
as well as for the interaction of two 
different kinds of neurotransmitter at the 
same receptor. A study% of the effects of 
opiate peptides and analogues thereof on 
the inhibitory responses of postsynaptic 
cells also suggests that the distribution of 
their receptors, rather than the total 


numbers of them, may be crucial. E 


Calcium helps to send 


out signals 


By what means can a voltage pulse in a 
presynaptic neurone stimulate the release 
of a package “of neurotransmitter 
molecules at the synapse? Ordinarily, 
electrical phenomena at the level of 
millivolts and chemical phenomena do not 
mix. What, at synaptic junctions, can be 
responsible? For some years, this has been 
the central problem for those concerned 
with the mechanism of synaptic action. 
Half the answer now seems clear. What 
determines the release of neurotransmitter 
from a presynaptic cell is the influx of Ca? + 
within the neighbourhood of the synapse. 


Synaptic structure 
The general structure -of synapses has 
been known for several years, and is easily 
rationalized. Electron micrographs show 
that presynaptic junctions are well 
endowed with mitochondria, a sign of 
active biosynthesis. They are also well 
populated by vesicles shown (by studies, 
for example, with radioactive tracers) to be 
repositories of neurotransmitters. 
Physiological experiments (involving the 
effects on postsynaptic cells) show that 
packages of neurotransmitter are released 
as discrete quantities, giving a certain 
noisiness (described by physiologists as a 
‘‘quantum”’ effect) in the response of the 
downstream cell. 

Most probably, the same general model 
will serve for the secretion of any humoral 
substance by any secreting cell. The 


distinctive feature of the synaptic secretion 
of neurotransmitter is that the process is 
concentrated across a narrow region of the 
cell surface, and that secretion is stimulated 
electrically. How? The simple answer is 
that Ca*+ ions are responsible. The 
argument is as follows. 


The role for calcium 


The model system is again that of the 
neuromuscular junction, mediated by 
acetylcholine. The founding study is that 
of Katz and Miledi*®, who showed that the 
release of neurotransmitter at a neuro- 
muscular junction typically involves the 
discharge of more than 5,000 molecules of 
acetylcholine into the intervening space. 
Earlier, by a process of elimination, they 
had shown (using systems in which either 
K+ or Na? channels, or both, had been 
blocked) that neither of these ion species is 
essential for making sure that a voltage 
pulse will lead to the release of a package of 
neurotransmitter. Ca?+ was the obvious 
alternative. 

This conclusion has now been amply 
confirmed, principally by Kandel’s group 
at Columbia University, New York. The 
issue is relatively simple. The arrival at a 
presynaptic junction of a positive (less 
negative) voltage pulse will certainly 
stimulate (as always) an influx of Na+ , and 
a few milliseconds later an efflux of K*. 
But at the ends of neuronal processes, and 
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on this very simple picture, nothing else can 
happen. Surprisingly, as early as 1967, 
Katz and del Castillo” had demonstrated 
not merely that Ca** influx is habitual at 
synaptic junctions but that Ca?* influx is 
essential for the release of acetylcholine at 
neuromuscular junctions — still the only 
easily accessible model of a specific 
synapse. 


A possible function 


Kandel and his associates have been able to 
endow the movement of Ca?* across the 
presynaptic membrane with more subtle 
significance: briefly, there seems to be a 
connection between the fluxes of Ca? + ions 
under various circumstances and long-term 
modifications of cell behaviour, linked 
possibly with the phenomenon of learning 
and of memory. 

As things are, however, nothing is 
known of the function of Ca?+ ions in 
presynaptic neurones except, pheno- 
menologically, that they are necessary and 
perhaps even sufficient for transmitter 
release. Plainly there is a task ahead for the 
biochemists to work out what happens. 
Fortunately they are now equipped with 
the necessary tools: calcium chelating 
agents and also ligands that, when boun 
to calcium, will fluoresce. a 


Benefits of tissue 
slices 


THE technique which depends on the use 
of tissue slices, introduced in the past five 
years by Professor P.O. Andersen of the 
University of Oslo, appears to have its 
Origins in the work of Professor H.C. 
Mcllwain in the early 1960s. Although 
principally interested in the biochemistry 
of nervous tissue, MclIlwain made 
electrophysiological recordings from 
nerve cells in the samples he prepared, 
only to find that physiologists com- 
plained that the recordings could not be 
physiologically significant. MclIlwain’s 
use of brain slices was, however, 
developed by C.D. Richards at the 
National Institute of Medical Research of 
the Medical Research Council. 

Andersen’s development of the tech- 
nique depended on the recognition that 
the cells of the hippocampus form an 
exquisite sequence of lamellae, so that the 
process of cutting slices through the 
hippocampus need not sever too many 
neuronal processes. Now the technique is 
being applied to other parts of the central 
nervous system where regular structures 
are expected, the olfactory lobe for 
example, but also the columnar struc- 
tures in the visual cortex. 

Properly incubated slices of tissue wil! 
remain physiologically active for several 
hours. For practical purposes, the tech- 
nique offers the only effective way of 
studying the effect of the excitation of 
one neurone on others lying downstream. 
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Towards understanding 
the acetylcholine receptor 


THE acetylcholine receptor, the workhorse 
of classical physiology, is likely to be the 
first of the neuronal receptors to be sub- 
jected to the full treatment of molecular 
biology. The explanation is straightfor- 
ward. Species of the electric eel Torpedo 
use arrays of the receptors as means of 
generating the electric fields with which 
they can surround themselves, and are thus 
potentially rich sources of messenger RNA 
specifying the protein content of the 
receptor. 

Several groups are occupied with two 
applications of modern techniques to this 
RNA. First, systems are being developed 
for the translation of the messenger RNA 
in cell-free systems, so as more fully to 
characterize the protein constituents of the 
receptor. Second, by using the mRNA asa 
template for generating the corresponding 
stretches of DNA and cloning the product, 
several groups hope to accumulate enough 
material to work out the nucleotide 
sequence corresponding tothe mRNA. Itis 
still not clear whether those concerned will 
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be ready to announce their results at the 
meeting of the Society of Neurosciences in 
Los Angeles next week. 

Meanwhile, a great deal of interest has 
been stimulated by the report? of a high 
degree of amino acid sequence is con- 
structed. Approximately, the four distinct 
units have molecular weights of 40,000, 
60,000 and 65,000, and the intact receptor 
includes two of the lightest units. 

The sequence of amino acid residues at 
the amino terminal end of each of these 
units, spanning some 56 residues alto- 
gether, contains enough common elements 
arranged in the same order as to suggest 
that they evolved from a common gene. 
Was the primitive receptor an aggregate of 
five identical subunits, and does that 
suggest a way ot tackling the problem of the 
function of the modern receptor? No 
doubt it is only a matter of time before 
putative primitive structures are 
synthesized. 

The importance of this development is 
not easily underplayed. There is every 





Fig. 8 Electron micrograph showing two frog neuromuscular junctions. Two nerve terminals 


can be seen, 


lying close to the muscle membrane. They contain vesicles of the 


neurotransmitter acetylcholine. Muscle fibres can be seen in the bottom left-hand part of the 
figure, running out of the plane of the paper. (Photo: Dr P. Gordon-Weeks.) 
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reason to suppose that the structure of the 
receptor in the electric eel Torpedo is 
similar to that of the same receptor in 
mammalian tissue. And if it should be 
possible to tell, with the help of X-ray 
analysis of crystallized receptors, how the 
channels that admit Na* and K+ to pass 
through the membrane when the receptors 
are attached toa molecule of acetylcholine, 
there is every chance that a model will have 
been provided for other ion channels in 
membranes, those which are activated by a 
change of membrane voltage as well as 
those which respond to neurotransmitters. 

This goal will not, however, be easily 
attained. In the past five years, the 
structure of the receptor and the charac- 
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teristics of its operation have been 
reasonably well defined, yet a model of the 
mechanism remains elusive. The protein, 
which spans the membrane (protruding 
about 5 nm from the outer surface and 1.5 
nm from the inner surface) has a diameter 
of 8.5 nm and consists of five polypeptide 
subunits, the two smallest of which (40,000 
daltons) are responsible for binding acetyl- 
choline. 

Electron microscopy suggests that the 
external part of the receptor is funnel- 
shaped, and the ion channel is thought to 
be 0.65 nm in diameter. The dynamics of 
receptor function have now been charac- 
terized both for naturally occurring recep- 
tors and with model systems in which the 


New classes of 
neurotransmitters 


NowHERE in the neurosciences do fashions 
come and go more quickly than in the hunt 
for materials that may function as neuro- 
transmitters. Thus for example there has 
been great excitement in the past few years 
about the discovery in nervous tissue of 
simple peptides which have an affinity for 
particular receptors and which have there- 
fore been assumed either to be neurotrans- 
mitters themselves or the precursors of 
them. The difficulty is that as the list of 
peptides has increased in length — there are 
now more than 25 of them and another is 
reported on page 579 — their function has 
become less well determined, even embar- 
rassingly vague. 


Enkephalins 


The first of the brain peptides to have a 
pharmacological effect are two simple 
pentapeptides now known as enke- 
phalins??. For these materials, at least, 
there does appear to be an explicit pharma- 
cological function. Indeed, the discovery 
of the enkephalins was prompted by the 
study of the receptors in the brains of 
experimental animals which specifically 
bind morphine and similar opiates, and 
whose physiological consequences for ner- 
vous tissue are reasonably well defined. 
The discovery that the drug naloxone will 
specifically prevent binding of morphine to 
the opiate receptors was of great assistance 
in the identification of the naturally 
occurring enkephalins, now known as Met- 
and Leu-enkephalin after the amino acids 
at their amino termini. 

Developments since 1975 have been be- 
wildering. First, it appears that the amino 
acid sequence of the enkephalins is con- 
tained within that of many other peptides 
since isolated from nervous tissue, for 
example in the peptide endorphin, itself 
contained within the amino acid sequence 
of lipotropin. Second, while there is some 
evidence that other brain peptides, in par- 


ticular neurotensin and substance P, have 
specific interactions with nerve cells in 
compact areas of the brain of laboratory 
animals, and that substance P in particular 
is involved with the sensation of pain, there 
are as yet few studies that demonstrate con- 
clusively that these materials function as 
neurotransmitters in the classical sense. 
The issue is inevitably controversial. The 
difficulty in resolving it stems from the way 
in which most studies of the presence of 
putative peptide neurotransmitters in 
nervous tissue are based on techniques such 
as using immunofluorescence antibodies 
against the peptides to suggest how they 
may be distributed in, say, the rat brain. 
Inevitably, a demonstration that a 
particular peptide may be localized in some 
limited region of the brain does not con- 
stitute a proof that it functions there as a 


THE most startling property of the 
acetylcholine receptor to have come to 
light in recent years is its involvement in 
the autoimmune disease myasthenia 
gravis, a defect of neuromuscular trans- 
mission that particularly affects the 
muscles of the face, in which there is no 
obvious evidence of the degeneration of 
the nerve supply to the muscles affected 
and whose symptoms can be partially 
ameliorated by the use of drugs 
analogous to acetylcholine. Since the 
1930s, when the removal of the thymus 
was first introduced as the standard 
therapy for the disease, it has been 
accepted that the disease has an immuno- 
logical origin. 

The clinching observation (in 1973) 
was that of Patrick and Lindstrom?! that 
the injection of acetylcholine receptors 
from a species of electric eel into rabbits 
(intended as a means of raising antibodies 
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receptors are embedded in artificial lipid 
membranes???: activated channels remain 
open for an average of about 1 millisecond. 
The acts of opening and closing are accom- 
plished in periods of the order of a micro- 
second. 

The precise difference between an acti- 
vated and an inactive channel remains, 
however, to be described. Fortunately, 
there is now a wide range of pharma- 
cological agents that will interfere with the 
normal operation of the receptor, so that a 
systematic exploration of the behaviour of 
the receptor in response to various agents 
may suggest ways in which the confor- 
mation of the ion channel can be 
manipulated. A 


neurotransmitter; for that purpose much 
more specific investigations will be 
necessary. 

If it should turn out that many of the 
materials so far described are not neuro- 
transmitters in the classical sense of 
binding to specific receptors and then 
producing a well defined physiological 
consequence, it is nevertheless more than 
probable that the brain peptides play some 
other role in the organization of nervous 
function. This is why some of those 
working in the field consider that there may 
be a similarity between the secretion of 
neuropeptides from generalized areas of 
the brain and the secretion of the hormones 
that regulate the pituitary gland from the 
hypothalamus. 


Purines 


If, however, the past few years have seen a 
decline of enthusiasm for the view that the 
neuropeptides are specific neurotrans- 
mitters, another fashion is already on the 
rise. In the past decade, Burnstock? in 
particular has argued that purines such as 
























to the material) caused the animals to fall 
sick with symptoms analogous to those in 
the human disease. Since then, it has been 
amply confirmed that myasthenia gravis 
is an autoimmune disease in which 
circulating antibodies against a person’s 
acetylcholine receptor molecules have 
somehow arisen. 

With all this said, there are several out- 
standing problems. The causation of the 
production of circulating antibodies is 
not understood, nor the mechanism of 
the interaction of antibody with the intact 
receptor molecules. Nor is it understood 
why some patients with severe symptoms 
of the disease lack circulating antibodies, 
and why the effects of the antibodies vary 
from one muscle to another. The result, 
so far, is that there have been no radical 
improvements of therapy to match the 
improvement of the understanding of the | 
disease. g 
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one: of, ihe Functions of the adenosine 
receptors may be tocontrol the activity of, 
say, acetylcholine-releasing mechanisms at 
what are called cholinergic synapses. It is 
also clear that in nervous tissue as in other 
biochemical systems the effects of purine 
transmitters are closely linked with cellular 
biochemical processes such as the 





learning and 


THE phenomena of learning and memory 
imply that it must be possible for nervous 
systems to acquire permanently the feature 
that is aptly described as:a cast of mind. 
What can be the molecular or cellular 
correlates? Inthe past 30 years, several 
devices by means of which memories, or 
learned behaviour, might be encoded 
within cells have been suggested. The 
synthesis of proteins or nucleic acid 
molecules embodying pertinent 
information have, for example, been can- 
vassed as potential repositories of memory 
and learning. 

-Most of the attempts to sustain such 
hypotheses have, however, foundered on 
experimental difficulties. In any case, there 
is no obvious biochemical mechanism 
whereby information stored in the se- 
quences of proteins or nucleic acid 
molecules could quickly be recovered, or 
serve as a continuing influence on the 
behaviour of a neurone. 

Fortunately, however, there are more 
direct mechanisms by which neurones may 
acquire long-term characteristics, linked 
with the mechanisms by which the flux of 
ions through the cell membrane is regu- 
lated. Thus the work of Kandel and his 
associates?” on the behaviour of two sets of 
neurones from the abdominal ganglia of the 
marine snail Aplysia has now provided a 
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formation of cyclic AMP within cells**. 

In the past few months, understandably, 
there has been a great deal of excitement at 
the opportunities for investigation pro- 
vided by the apparent discovery of an 
entirely new class of neurotransmitters. 
There is great interest in the search for 
materials analogous to the simple purines 
that-may bind to the receptors but also an 
interest in the effects of more complicated 
purine substances on nervous tissue. 

The probable consequences of this 
development, following very closely on the 
heels of excitement about neuropeptides, is 
likely to be that far-seeing neurobiologists 
will in future require that claims that this or 
that substance may function as a neuro- 
transmitter should be backed up not merely 
by a demonstration that there are entities 
within the cell membrane which they will 
bind, and by circumstantial evidence that 
only some parts of the nervous system 
contain appropriate receptors, but also by* 
evidence that a single molecule of such a 
material, bound to its alleged receptor, will 
indeed produce some definable physio- 
logical effect in the cell concerned. There 
is, in other words, a suspicion that the 
currency of neurotransmitters is being 
revalued by the discovery of too many of 
them. w 


Jeuronal plasticity, 


remembering 


good working model of the mechanisms of 
elementary learning processes. 

The key to the understanding of long- 
term changes in the behaviour of these 
neuronal cells appears to be the accumu- 
lation of Ca** ions in the presynaptic cells. 
The more recent work thus derives from 
the observation of del Castillo and Katz?’ 
that Ca** ions are necessary for the extru- 
sion of a vesicle filled with neuro- 
transmitter at a presynaptic junction. The 
long-term changes now proposed as the 
basis of learning and memory involve 
changes in the presynaptic cell which affect 
the effectiveness of the synaptic junction. 


Modes of learning 
In simple animals such as Aplysia but also 
(on reflection) in higher organisms, two 
distinct modes of learning appear to play 
an elementary role — the processes of 
habituation and of sensitization, by which 
organisms adapt either so as to ignore an 
external stimulus repeatedly presented or 
to respond sensitively to normally in- 
nocuous stimuli if these are associated with 
other noxious stimuli (typified by Pavlov’s 
dogs’ behaviour). 

Two parallel mechanisms for rudimen- 
tary learning of this kind have been identi- 
fied by Kandel’s work in neurones of 


{only because it is likely to persist for 






IF the neurosciences are as ‘interdi 
plinary as claimed, there should be 
for everybody. The contributions i 
electrical engineers have made (and: 
can make) to the techniques q 
electrophysiology are clear but what. 
(say, organic chemists contribute? Her 
a nice example, from the Laboratori 
Neurochemistry at the National Ins 
of Mental Health of the US Nation: 
Institutes of Health. | 

Phenylketonuria is a genetic dise 
consisting of the failure of those who 
inherit the (recessive) condition to con- a 
vert phenylalanine to tyrosine, an essene o = 
tial amino acid. Although this defect _ 
can be made gooc bya diet supplemented) 
by tyrosine, the mast distressing 
symptom of the untreated disease, severe 
mental defect, is not always avoided. . 

The transformation of phenylalanine 
to tyrosine involves merely the enzymatic 
removal of a hydroxyl group from a 
molecule of phenylalanine, in which one 
molecule of a coenzyme called tetra- 
hydrobiopterin is chemically reduced. A 
second enzyme is needed to restore the 
reduced form to its original condition. 

Defects of the production of either 
enzyme could be responsible for geneti- 
cally acquired phenylketonuria, as could 
in principle a defect in the production of 
the coenzyme. Somay it not be that those 
patients acquiring the disease in whom, 
mental defects (and other neurological 
symptoms) persist in spite of a well 
controlled diet may suffer from a lack of 
the coenzyme. 

Clinical evidence?’ that this may be the 
case has been provided by a study of the 
relationship between the concentrations) 
of the coenzyme and of phenylalanine in}. 
the blood of patients resistant to dietary. 
treatment. In the circumstances, the 
obvious therapy would be the administra- 
tion of the coenzyme, which has been, 
shown to be capable of crossing. the} a 
barrier between the blood and the brain. | 




























































Indeed, by chemical synthesis, Dri 
Seymour Kaufman and his group** have 
shown that a methyl derivative of the 
coenzyme may be even more effective, if 








longer in the metabolic environment of! 
the brain. This compound (1), 6-methyl- 
tetrahydrobiopterin, is now being tried! 
with three young patients whose response 
to a tyrosine diet has been less tan 
satisfactory. 0 
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Aplysia. Either single presynaptic 
neurones can be modified or changes may 
be brought about at presynaptic pactions 
fed by connections from other cells. - - 

But how can the past history of a neur- 
one affect its present and future 
behaviour? Classical electrophysiological 
studies (see, for example, Fatt and Katz!) 
had demonstrated the existence of an 
electrical potential across neuromuscular 
synapses, which determine the effective- 
ness of signal transmission. Rudimentary 
learning processes must affect the magni- 
tude of this potential; since the 1940s, two 
effects have been recognized — the 
enhancement of transmission after a rapid 
series of strong action potentials in the pre- 
synaptic cell and, conversely, the 
depression of transmission after a series of 
low-frequency potentials in the presynaptic 
cell (and which are models for sensitization 
and habituation respectively). 

The working hypothesis, which Kandel 
and his associates have confirmed in the 
conveniently large neurones of Aplysia, is 
that a rapid series of action potentials in a 
presynaptic cell, each of which evokes an 
influx of the Ca?+ ions needed for the 
release of neurotransmitter, leads to an ac- 
cumulation of Ca*+ in the presynaptic 
space; the ions are removed only slowly by 
buffering mechanisms in the cell, whence 
excess calcium is presumably removed by 
the slow processes of calcium transport. 
An accumulation of Ca** in the pre- 
synaptic cell is supposed to increase the 
efficacy of neurotransmitter release, but it 
has also now been shown that high 
concentrations of Ca*+ within the cell 
enhance the outward flow of K* across the 
membrane, thus determining the intensity 
and duration of the action potential that 
the presynaptic cell will support (and 
further enhancing the inward flow of Ca** 
in a positive feedback loop). 

Perhaps the most striking feature of this 
recent work is that the influx of Ca? +t is 
regulated not only by the voltage at the pre- 
synaptic terminal but by neurotrans- 
mitters, by the concentration of cyclic 
AMP and by the intracellular concen- 
tration of Ca*+. The inference is that the 
proteins serving as Ca** channels in the cell 
membrane are regulated by these several 
influences (and, no doubt, others still to be 
determined). And, reciprocally, it is 
inferred that the K+ channels are eine 
regulated. 

Another finding is that, in the neurones 
of Aplysia, the neurotransmitter 
serotonin, flowing from synaptic junctions 
with other parallel presynaptic cells, is one 
of the regulators of Ca?* and K* trans- 
mission at these junctions. 







` The mechanisms of these processes are, o 
that i | 


as yet, unknown. The no 
channels in membranes may be influencec 
by several chemical regulators. (not to 
mention membrane voltage) implies either 
a modification or an extension of the classi- 
cal view that ion channels are of only two 
types — those which remain open, allowing 


under the rence of membrane voltage 
ora chemical transmitter. : 

Whatever the details, it seems. pasible 
by these means to account for Kandel’s 
observation that changes in neuronal 
behaviour induced by the regulation of 
Ca** in presynaptic neurones may persist 
for periods measured in hours. 

The question whether such mechanisms 
may be a sufficient basis for persistent 


nase Bel viour patterns. and for long-term 
“memory of the kind of which human beings 
-are capable remains open. There are; how- 
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ever, obvious means by which closed 
circuits of neurones within a parallel 
neuronal network could serve to reinforce 
behavioural changes of the kind now 
observed in single cells — and, at the same 
time, account for the distributed nature of 
memory and learning most dramatically 
made evident when nervous systems are 
injured., a 


Improved techniques for 
brain anatomists 


THe peculiar difficulty of the anatomy of 
the nervous system is twofold — the 
complexity of the system, especially of the 
connections between one neurone and 
others, and the likelihood that apparently 
similar neurones, even when more or less 
adjacent, may have different functions. As 
in the revival of neurophysiology in the 





Fig.9 A cell from the viata cortex of the 
cat (from Gilbert and Wiesel4!). The cell 
nucleus lies in the lowermost layer of the 
visual cortex. The upper dendrites liein or — 
around layer IV, where input from the eyes 
‘4s first received. The pattern spans a 
- distance of about 1 millimetre. 


past decade, the foundation of the 
dramatic advance of knowledge of the 
anatomy of the central nervous system in 
that time is a consequence of the develop- 
ment of powerful and sophisticated 
techniques. And the fruitfulness of these 
techniques seems widely appreciated, with 
the result that the search for further refine- 
ments engages the attention of a great 
many of those working in the field. 

Three groups of techniques have en- 
livened the study of the anatomy of the 
nervous system in the past few years, and 
respectively make it possible to trace the 
patterns of complicated nerve cells even 
within structures such as the cerebral 
cortex where the shapes and interconnec- 
tions of the neurones are perhaps more 
complicated than anywhere; techniques 
that allow the identification of neurones 
with some specific property; and tech- 
niques for defining the specific functions 
of individual neurones dynamically, as 
they occur. 

Of all the techniques developed in the 
past few years for making the pattern of 
nerve cells apparent, that of injecting. or 
infusing horseradish peroxidase into a 
neurone is perhaps the most surprising. 
The principle is that the enzyme is capable 
of being carried against the normal flow of 
materials within a cell so that, if incor- 
porated into a neurone at the terminus of 
an axon, it will be found to fill the whole 
cell after a period of several hours. (The 
mechanism of retrograde transport isnot 
understood.) Cells can be made visible by 
the use of substrate for the enzyme, but are 
also detectable in both the opua! and the 
electron microscope. 

Such techniques have made pasible the 
identification of neurones such as that in 
Fig. 9 which is a cell in the visual cortex of 
the cat*!. Such patterns are reconstructed 
from serial sections of cortical tissue, a 
procedure that provides a set of co- 
ordinates. for each of the branches of a 
neurone and which thus makes possible the 
reconstruction of three-dimensional 
patterns by the use of computer-driven 
visual displays. In many physiological 
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Fig.10 A photograph showing a Leydig cell 
in the leech ganglion injected with Lucifer 
yellow dye. The lower image is the injected 
cell; the upper, the companion cell to 
which the first is dicoupled (from 
Stewart*), 


laboratories, making these structures turn 
round on the surface of a video screen is at 
least as compelling as the computer game 
called ‘‘Space Invaders”. 

The use of horseradish peroxidase for 
such purposes is not, however, straight- 
forward. The snags include the possibility 
of leakage at points where neurones may be 
damaged, the need for a careful guess of 
the time that will be taken for a neurone to 
be filled with enzyme and the need that the 
neurone should be incubated in a living 
animal (which must afterwards be killed). 

Of necessity, the horseradish peroxidase 
will map only single neurones. The sur- 
prising observation is that simple amino 
acids such as glycine will not merely diffuse 
through cell bodies (in the forward 
direction in which neuronal signals are 
usually transmitted) but will also be trans- 
ferred across synaptic junctions so as to 
provide, at least in some circumstances, a 
map of complete neuronal pathways from 
a sensory input cell in, say, the retina to the 
appropriate part of the cerebral cortex. 

Amino acid transport is made visible by 
the use of tritiated materials followed by 
autoradiography. The two techniques can 
of course be used in conjunction with each 
other, and have been used with good effect 
to throw light on the interconnections 
between different parts of the visual 
cortex. 

In the past few years, similar use has 
been made of fluorescent dyes, the material 
called Lucifer yellow in particular. The 
principle here is that the material (whose 
molecular weight is relatively small) 
diffuses rapidly through the cytoplasm of 
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neurones and may span neural junctions. 
But the dye can also be coupled covalently 
to specific proteins so as to define the distri- 
bution of known materials within cells. 
Like horseradish peroxidase, Lucifer 
yellow is transported in a retrograde 
direction. 

To a large extent, these mapping tech- 
niques are complementary; their ranges of 
application overlap. Plainly there need be 
no end to the list of neuronal mapping 
agents in use. Similarly, especially since the 
development of monoclonal antibodies, 
there need be no end to the list of materials 
that can be used for identifying neurones 
with a certain specificity. 


Monoclonal antibodies 


For more than a decade, immunofluores- 
cence techniques have been used to map 
parts of the nervous system rich in par- 
ticular materials, neurotransmitters such 
as dopamine for example, but usually 
provide only scanty information about the 
degree to which such materials lie inside or 
outside the cell concerned. Monoclonal 
antibodies, however, offer the best means 
of detecting specific components of cell 
membranes — given that, with luck, a 
single molecule of some specific cell 
antigen may be sufficient to yield an in- 
definite supply of antibody. 

So far, most applications of this kind 
have, however, been effective against 
somewhat ill-defined antigens, thought to 
be characteristic of different types of 
neuronal cells. The search for monoclonal! 
antibodies against, say, particular recep- 
tors on the cell surface — necessarily a kind 
of fishing expedition — is most effective 
when the receptor concerned can be 
coupled to some known protein. This is the 
means by which a monoclonal antibody 
against the voltage-gated Na* channel has 
been developed and by which a similar 
material effective against the sodium- 
potassium pump is likely to be found in the 
near future. 

Perhaps the most remarkable result* of 
this procedure so far is the use of a mono- 
clonal antibody against an unknown 
antigen in the chick retina which suggests 
that there is a well-defined gradient of the 
antigen across the visual field. The 
concentration of the antigen varies by a 
factor of more than 35 from the centre of 
the field to the outside, while the material 
appears to be associated preferentially with 
the neural cells, and not the light-sensitive 
cells. 

The authors of this research, Trisler, 
Schneider and Nirenberg, suggest that they 
may have come across a material which 
serves to mark the position in the retina 
appropriate to neurones of different types. 
In practice, during the development of the 
retina, layers of cells are added at the 
periphery so that the material may also bea 
marker of the stage of development of the 
animal as a whole. Evidence that the same 
marker occurs in other neural tissue of the 
chick has been provided. 


This investigaticn is suggestive of others 
that might be carried out and which may be 
particularly relevaat to the development of 
the cerebral cortex. For there, it is now 
known, neurones migrate towards their 
‘“‘proper’’ positions in the cortex in the 
gestation period ef primates, apparently 
finding their proper positions 
unambiguously. Isit possible that there too 
a developmental marker may be found? 

More recently, she recognition of parts 
of the nervous system with particular 
functions has been tackled in a quite 
different way, by “he development (by Dr 
L. Sokoloff and his associates at the 
National Institures of Health) of a 
technique for teling where metabolic 
activity is highest“. The starting point is 
the recognition that the metabolism of 
neurones is suppor-ed primarily by glucose 
and that provision of deoxyglucose (which 
is not metabolized by neurones) should 
lead to the accumulation of deoxyglucose 
in the most active cells. 

This prediction. amply confirmed in 
laboratory studies has now been turned 
(by substituting atoms of deoxyglucose by 
others recognizabE by agnostic X rays) 
into a practical tool of potential clinical 
importance. Thus, for example, it appears 
possible to distimguish diagnostically 
between brain tumours supposed on 
surgical grounds +o be malignant, thus 
avoiding surgical “ntervention when this 
may not be necessacy. 

More recently, € similar technique for 
identifying metabo ically active parts of the 
central nervous system, but based either on 
the rate of protein synthesis or of that of 
messenger RNA, has been added to the 
Sokoloff repertoire (see for example ref 
45). Figure 12 shows the concentration of 
'4C-leucine in the lateral geniculate nuclei 
(the relay stations for visual signals 





Fig.11 The use of _ucifer yellow dye (in 
this case coupled wich anti-actin antibody) 
to demonstrate intsacellular structure, in 
this case actin filaments in human lung 
cells (from Stewart®) 
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Fig.12 Autoradiographs of sections of 
monkey brain through the lateral geni- 
culate nuclei, using !4C-leucine. The 
geniculate nuclei are the horseshoe-shaped 
structures: A, from a monkey with intact 
binocular vision; B, from one whose left 
eye had been blocked up for a short period; 
C, from a monkey whose rigħt eye had 
been blocked up from the 2nd to 25th days 
of life; D, the same as (C) but with the left 
eye occluded. Comparison of (C) and (D) 
shows that the pattern of activity in the two 
pairs of nuclei is inverted (from Kennedy et 
al.$5). 


between the retina and the cortex) in a 
rhesus monkey subjected to various forms 
of ocular deprivation. 

For the rest, the technique of electrical 
recording from living neuronal tissue, the 
basis of the demonstration in the past 
decade that, for example, particular 
structures in the visual cortex are 
concerned with the processing of 


information bearing on visual information 
of a particular kind — the orientation of 
edges or lines, for example — continues. 
The procedures are, of course, time 
consuming and require great skill, surgical 
and physiological. But in identifying the 
function of particular structures in the 
central nervous sytem and especially in the 
brain, there is no substitute for them. [ 


Cortical questions not 


yet answered 


HISTORICALLY, the anatomy of the brain 
has been through several ups and downs. In 
the old days, when the phrenologists 
confidently named parts of the skull with 
particular relevance to mental functions, it 
seemed to be generally accepted that an 
organ such as the brain should allocate 
different functions to different parts of 
itself. But with the decline of phrenology 
and superstition, and the recognition that 
the brain can be damaged severely and yet 
to some extent recover, the anatomical 
approach to mental function ceased to be 
fashionable. 

More recently, with the accumulation of 
anatomical knowledge of the structure of 
the vertebrate nervous system, the 
pendulum has swung again. There are 
indeed parts of the brain concerned with 
the processing of sensory information of 
different kinds. But even on the macro- 
scopic scale on which patches of neuronal 
tissue several millimetres across may be 
correlated with the processing of specific 
kinds of information, it has become clear 
that parallel processing is commonplace. 


Functional correlation 


The obvious approach to the relationship 
between the functioning of the brain as 
such and the functioning of the neurones of 
which it is principally composed is to look 
for patterns of connection between 
adjacent neurones that may help to throw 
light on the relationship between micro- 
scopic and macroscopic phenomena. 
Unfortunately, the only part of the 
human (and primate) brain in which such 
an approach might be feasible is the 
cerebellum, where the arrangement of 
neurones in layers (lamellae) and their 
connections with each other are simple 
enough to suggest that function might 
indeed be related to structure; but although 
the cerebellum has been shown to be linked 
with motor activity, the mental function of 
the cerebellum remains obscure. 
Inevitably, however, in the past two 
decades, attention has centred on the 
cerebral cortex both in vertebrates and 
primates, principally because of the 
evidence that has accumulated that the 
cortex (a layer of grey matter two 
millimetres thick with a characteristic 


pattern of folding in each species) is one of 
the first recipients of sensory information. 
By now, a great deal has been done to 
describe the structure of the cortex, and of 
the cells that it contains, in those areas 
concerned with the processing of sensory 
information from the surface of the body 
and the processing of information 
collected by the retinae in the visual system; 
but less is known about the parts of the 
cortex concerned with auditory and 
olfactory information. 


The cortex 


What follows is not a description of the 
structure of the cortex, as elaborated in the 
past few years, but rather a list of some of 
the generalizations that may be tenable and 
of the conceptual problems that they 
approach. 

The surface of the cortex in primates has 
now been divided into patches concerned 
with the processing of different kinds of 
information, usually on the basis of 
electrophysiological recordings and the 
backward tracing of neuronal pathways. 
Both in the visual system and the 
somatosensory system, the surface of the 
cortex appears to represent a kind of 
topographic map of the outside world as 
perceived by the two senses concerned. But 
in the visual system the area to which 
sensory signals are first relayed lies 
immediately alongside at least three others 
in which topographic maps of the outside 
world are presented. 

Why should this be? One inference is*® 
that the adjacent topographical maps of 
the outside world as perceived visually are 
concerned with the perception of different 
aspects of the visual scene. So much has 
now been substantially confirmed. The 
primary area in the visual cortex, that to 
which visual signals are fed most directly, 
appears to be primarily concerned with the 
measurement of orientation (of edges and 
lines). On the other hand, the cortical area 
responsible for colour perception (whose 
effectiveness in this respect has been 
confirmed by a demonstration that 
monkeys damaged in such a way are colour 
blind) contains neurones which do not 
respond to lines of particular orientation 
nor to movement across the visual field”. 
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Zeki has argued that such an 
arrangement is necessary because, for 
example, the perception of colour requires 
not merely an analysis by the visual system 
of the “colour” of light arriving at the 
retina froma particular point in the visual 
field, but also a knowledge (reflected in the 
responses of neurones) of the intensity of 
light from other surrounding areas*®. 

Inevitably, such an arrangement also 
ensures the advantages of parallel 
processing in the cortex — one area may be 
made inactive without the whole sense of 
vision being lost. Even so, this particular 
arrangement of topographic maps of the 
outside world, identified at least in the 
visual and somatosensory systems, leaves a 
number of questions unanswered. Why, 
for example, are the first and second of 
these topographic maps never images of 
each other? How has the elaboration of 
areas of cortex concerned with specialized 
aspects of vision occurred in the course of 
evolution? (It goes without saying that 
there is hardly any direct evidence of the 
arrangement of cortical areas in the visual 
system of the human being.) And, in any 
case, where in the brain does some neurone 
or group of neurones behave in a way 
equivalent to saying ‘‘That’s a motor car”? 





Neuronal arrangement 


A second common feature of the structure 
of the areas of the cerebral cortex is that 
neurones appear to be arranged in layers 
parallel to the (convoluted) external 
surfaces. In the visual cortex of the 
primate, cells in what is conventionally 
called layer IV seem predominantly 
concerned with receiving signals from the 
lateral geniculate nucleus. The two layers 
above that appear (from studies typified by 
that of Fig.12) to be concerned with 
transfer of the messages to other cortical 
areas, while the lower (deeper) layers 
appear primarily to be concerned with 
relaying messages to deeper structures 
within the brain. The outermost layer of 
the visual cortex is not even well guessed at. 

One of the difficulties that now need to 
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be resolved is the conceptual gap that has 
opened up between the anatomical 
description of the connections between 
these several layers of the cortex and the 
notion of what their different functions 
may mean. It is, of course, conceivable that 
the explanation may be that different layers 
of the cortex are concerned with different 
combinations of aspects of sensory 
perception. But the difficulty has not been 
resolved. 


The grey matter 

The third feature of the gross anatomy of 
the cerebral cortex, as so far defined, is that 
even within areas of grey matter known to 
be concerned with one aspect of one 
sensory perception (the primary area of 
visual perception, for example), neurones 
are arranged in a way that betokens 
specialization. Thus in the primary visual 
cortex (conventionally known:as area 17), 
the grey matter appears to be arranged in 
columns, with adjacent columns ap- 
parently receiving inputs primarily from 
one eye or the other. Similar columnar 
structures have been recognized in parts of 
the cortex concerned with other senses, the 
somatosensory system for example. It is by 
no means clear what function this 
arrangement may perform nor what its 
presumed advantages may be. 

Fourth, all sensory systems in the cortex 
so far described appear to entail the 
relaying of signals from peripheral sensory 
elements (rods and cones in the retina, 
nerve endings in the skin) to the 


appropriate parts of the cortex by means of. 


intermediate staging posts, the geniculate 
nucleus in the visual system for example. 
Teleologically speaking, such an 
arrangement has the advantage that an 
external sensory element is not entirely 
committed to one part of the cortex for the 
correct processing of the information that 
it may be able to collect. In practice, the 
same intermediate nuclei may have the 
function of being able to arrange for 
monitory connections between different 
sensory systems before the information 









that any one collects is subjected to th 
panoply of information proces: 
the question remains of how th 
checking system has emerged in thec 
of primate evolution. o 

Fifth, there is the problem of feedback in — 
the visual system. While most neurones _ 
connecting the retina to the two lateral 
geniculate nuclei through the optic chiasm | 
transfer signals upwards or inwards, the — 
anatomists have identified neuronal — 
connections between the geniculate nuclei © 
and the retinae that work in the oppasite 
direction. Similarly, the primary visual 
cortex appears to feed back to the 
geniculate nuclei. 











The auditory system 
Even richer feedback loops have been 
identified anatomically in the auditory 
system. The obvious question is whether 
their function is to adjust the input of 
sensory elements to the ‘‘needs’’ of the 
entire perceptual system. The trouble with 
that assumption is that it implies not merely 
that the visual cortex is a representation of 
the seen outside world, and that other areas 
of the cortex similarly represent the 
sensations of other senses, but that hidden 
somewhere in the middle is a homunculus, 
our representation of ourselves, 

it may well be the case that the 
difficulties so far encountered in relating 
neural anatomy to nervous function stem 
not so much from the complexity of the 
anatomical investigations but fram the 
lack of guiding principles for the 
anatomists. Zeki’s arguments about the 
requirements of effective colour vision, 
while largely theoretical at least as far as the 
sheer anatomy of the nervous system is 
concerned, must surely rank as hypotheses 
in need of testing. (The fact that they may 
be substantiated by experiment as well is 
not finally clinching.) Thus the time may 
have come when the neuroscientists should 
take time off to consider questions such as 
the cognitive nature of the functions they 
look for in their cross-sections through the 
cortex. (3 





Fig.13 Diagrams showing the arrangement of the visual 


cortex in the rhesus monkey. The bottom left-hand diagram is a horizontal section through 


the back half of the right hemisphere. V1 is the primary visual cortex (also known as area 17 ). V2 carries a retinotopic representation which is a 
mirror image (through the plane of VM) of that in V1. The other visual areas reading from right to left along the cortex are V3, VIA, V4 and LSTS 


and MSTS, the lateral and medial visual areas in the brain cleft known as the su 


perior temporal sulcus. 
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Thinking seriously about 


thinking 


GRAND thoughts about the nature of 
perception or of consciousness are 
necessary and, in any case, irrepressible. 
What the neurosciences are most in need 
of, however, are serious-minded attempts 
to define what the central nervous system 
must accomplish to perform the cognitive 
tasks we know we are capable of. The late 
Dr David Marr was probably the first to 
take such an agenda seriously’. 

The problem on which he embarked, in 
1975, was that of binocular vision. The 
problem was well chosen — there was a 
chance of specifying what it amounted to. 
The underlying issue is that of how it may 
be possible, given that the retinae of the 
eyes each present a two-dimensional 
representation of the outside world to the 
inputs to the optic nerves, that the brain as 
a whole is able to perceive the world in three 
dimensions. The simple answer is that there 
are two eyes, so that stereopsis comes into 
play. 


Stereopsis 

Stereopsis implies that the nervous system 
must have some means of comparing the 
output from two retinae in as much detail 
as may be necessary. The anatomical site 
for the exchange of information is well 
known — the optic chiasm, where the two 
optic nerves cross over. The further 
implication, however, is that at that point, 
the subtraction of the sensations (signal 
strengths) from equivalent points in the 
visual field are as important as their sum. 

Indeed, the sentence with which Marr 
and Nishihara began their publication of 
1978 (ref.49) is as valid now as then: 

Modern neurophysiology has learned 

much about the operation of the 

individual nerve cell, but unpleasantly 
little about the meaning of the circuits 
they compose in the brain. The reasons 
for this can be attributed, at least in 
part, to a failure to recognise what it 
means to understand a complex in- 
formation-processing system, for a 
complex system cannot be understood 
as a simple extrapolation from the 
properties of its elementary com- 
ponents, 
The issue, the argument continued, is that 
of deciding at what level of complexity and 
aggregation the phenomena should be 
described. 

The difficulty, as always in these 
circumstances, is that of converting 
precept into practice. It would be folly to 
suggest that Marr’s specification of 
algorithms by which a sense of binocular 
vision might be reconstructed from the 
two-dimensional representation of the 
visual field provided by the two retinae is 
perfect, although it has served as a pointer 


for psychological experiments from which 
one algorithm has emerged as a more 
probable candidate for the truth than 
others. 

One essential feature of any successful 
process of computation of visual depth, 
however, must be that visual signals from 
the two retinae must be accessible to the 
part of the central nervous system where 
the computation is carried out. Another is 
that the task cannot be accomplished 
without comparative information from 
different parts of the visual field. Thus the 
simplest retinotopic map of the outside 
world, that apparently provided in the 
primary area of the visual cortex, will not 
suffice for binocular vision. 

The nature of the task is well illustrated 
by Necker’s illusion (Fig. 14). The first 
panel is a geometrical representation of a 
cube, the cognitive generalization of the 
cube that we hold in our heads (perhaps 
with some help from mathematics 
teachers). The other two panels are more 
accurate representations of what may be 
represented by the topographic maps in the 
primary visual cortex by the sight of a cube. 
Distinguishing between the representations 
in the second and third panels requires a 
sense of depth. Knowing that the object 
concerned is a cube (when, of course, that 
may bea trick) requires some other faculty. 

Marr’s later argument (with Nishihara, 
see ref. 49) about the cognitive tasks that 
must be accomplished before the three- 
dimensional shape on an object can be 
comprehended are interesting not merely 
for their insight but also for the points at 
which they break down. 


Cognitive tasks 


Marr did not dodge the task of specifying 
the levels of generalization at which 
cognitive tasks must be specified. Broadly 
speaking, there are four. First, describe the 
elements of the network, describe the 
properties of the neurone, for example. 
Second, figure out how circuit elements 
such as these might serve the purposes of 
arithmetic — adding, subtracting, 
differentiating, performing Fourier 
analysis or what have you. Third, construct 
an algorithm that will ensure that the 
product of the computation is some three- 
dimensional! structure, for which purpose 
any of the three panels of Fig. 14 would 
suffice. Finally, develop a theory of the 
process that will enable the homunculus 
inside the cortex to conclude that the object 
seen (taking past experience and all other 
relevant information into account) is most 
probably a cube. 

The inference is that, for the time being, 
the neurosciences are placed somewhere 
between the first and second levels of this 


programme, but also that the human 
cognitive function includes all four levels 
of abstraction. 

Marr’s theory of how the central nervous 
system constructs three-dimensional 
images of what the objects outside the eyes 
are like is nevertheless far from persuasive. 
Part of the difficulty is that the argument 
concerns the visual system in isolation from 
other parts of the central nervous system, 
not merely those receiving sensory 
information but those concerned with what 
we know (that is, have learned) about the 
world we live in. 

Thus the argument, concerned as much 
with the construction of an algorithm for 
three-dimensional perception as with 
building a theory of the process, supposes 
that people engaged on visualizing three- 
dimensional objects will seek out some 
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Fig.14 Necker’s illusion. a Is a two- 
dimensional representation of a cube; b 
and care alternative representations of it in 
three dimensions between which the mind 
hesitates. 
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Vision machine 
IN an upper window at the Artificial 
Intelligence- Laboratory at the 
3 tt tute of Technology, a 
peculiar. camera. looks out on the main 
street connecting the two universities in 
the City: of Cambridge. Representations 
¿visual field are 
of about a second 
yn, caused by the 
a linear array of 
photodetectors as a 
ting a two-dimensional 
) by the capacity of the 
WwHers of the camera, 
-claim that it is the first true 
clectromeshaile al vision system. 

But. what is wrong with an ordinary 
television: camera, which can produce an 
image of the scene in front of it with much 
er speed? The answer is that a 

television camera (with. accompanying 
video display) i is not a replica of a visual 
system, but an analogue thereof. There is 
no means, as in the visual system of the 
|primate, by which- information 
subsidiary to the construction of a two- 
dimensional image can be extracted. 
Vision in depth is not possible. And there 
is no way in which some kind of homun- 
culus can be enabled to monitor what is 
happening: | 

In the. ‘machine the video picture is 
regenerated from the top, and each sweep 
across the frame shows that the cars 
waiting in line to cross the Charles River 
have moved on a yard or so. The only 
intermediate. use of the explicit 
representation of visual perception that 
the system is so far equipped to exploit i is 
to degrade the quality of the image, 
lumping together the signals from groups 
of sixteen or so picture elements to forma 
blurry picture. The resulting images are 
blurred. But- shapes are surprisingly 
recognizable. 

The plan is that there should soon bea 
second camera, so that it should then be 
possible to try out the algorithm. for 
binocular vision. It may then be possible 
also more stringently to test the 
underlying theory of vision embodied in 
the computer program — that what 

_{matters, in the perception of the outside 
{world, is the definition of the lines 
-|(outlines) that mark the one-dimensional 
feontours in a scene where contrasts 

























between light and shade are greatest. The 


constructors of the camera confess, 
however, to one conceptual failure. The 
project is financed partly by the military 
services in the United States, which have 


an obvious interest in machines that. 


might be able to see as people do. So 
could the system be used for spotting 
tanks on a battlefield, or missiles in their 
silos? Well, of course. Certainly such a 
system, if the theory is correct, could 
recognize such objects. But could it give 
them a name? Not yet — maybe that 
requires “‘higher’’, cognitive functions. 
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principal and more or less symmetric axis 
to which the details of the image may be 
related. At the level of the algorithm, the 
suggestion makes sense. It is, however, 
unpersuasive. It may serve well enough in 
the identification of a knitting needle or 
even a human face, but what about a 


landscape? Or a familiar face in profile? 


Somehow, the algorithmically derived 
theory does not ring true. 

Implicit recognition of this failure seems 
to have driven the devotees of Marr’s 
programme to controlled despair°?, In the 
past few years, the artificial intelligence 













community has slipped: into i 
asserting that the only - 
perception and cog 
understood is that they ( 
construct a machine that-v 
process. The strategy is s 
a machine that will replicate the pr cesso 
human vision could be built, 

demonstration of its power wo 
persuade all kinds of people that 
problem of vision had been ta 
seriously. Sceptics will, however, cc 
that simulation is not the same 
understanding. ae 










A few loose ends 


THE general impressions created by the 
neurosciences and their practitioners on 


-the rest of the professional community is 


that it can be only a matter of time, a few 
months or at the most a few years, before 
big questions are finally decided, before 
the pot of gold is finally disinterred from 
beneath the rainbow’s end. Naturally, the 
practitioners are unabashed when it turns 
out that the prudent direction of the hunt 
has changed. For it will be only a few 
months, or at most a few years. . . 

This impressionistic survey of what is 
happening in the neurosciences should give 
the lie to that always false expectation. 
Perhaps the most striking of the 
impressions gathered is that quite old- 
fashioned approaches to the working of the 
nervous system appear still to have a great 


deal of promise left in them. 


Is there, perhaps, a case for asking that 
those about to embark on the isolation and 


cloning of this or that neuronal gene should 


first be asked to carry out a simple 
experiment with the giant axon of the 
squid, if only to acquire a sense of what 
neuronal transmission is about? And an 
understanding of what makes it so 
interesting as a phenomenon? As things 
are, there is a danger that the neurosciences 
will be imprisoned by the fashions from 
time to time inflicted on them. 

It also emerges that several long- 
standing problems in biology (not much 
discussed above) and apparently central to 
the function of a self-respecting nervous 
system have been skipped over in the 
headlong rush of the past few years. Hereis 
a brief list: 


Circadian rhythm 

Although the phenomenon of diurnal 
metabolic activity is not well attested in 
human beings, it does appear that insects 
such as the locust can keep time with the 
Sun (and often have no choice). Several 
suggestions have been put forward as to 
how this might be arranged. Groups of cells 
linked synaptically together might just do 
the trick, especially with the entraining 
help of a diurnal stimulus. But which are 
those groups of cells, in some insect or 


other species? And how precisely do they 
function? 


Schizophrenia a 
For several years, the text-books. have 
rightly drawn attention to the connection 
between the most serious Gf not necessarily 
the most common) of psychiatric : 
disabilities and abnormalities of the 
behaviour of dopamine (a neuro- 
transmitter) in the human central nervous 
system, especially in the limbic system and 
in the structure known as the substantia 
nigra. Once (ten years ago) the case seemed 
simple. Drugs known to bind to dopamine 
receptors, the phenothiazines in particular, 
were found to help alleviate the symptoms 
of the disease. So what more natural than 
to suppose that the underlying biochemical 
defect in schizophrenia is.an excess. of 
dopamine by dopaminergic neurones, an 
increased frequency of dopamine receptors - 
in postsynaptic cells or an increased 
sensitivity on the part of a normal neurone 
population? 

Unfortunately it has.not been possible to 
make theories of this kind accord with what, 
is known of the disease and. its drug. 
treatment without postulating an uncom- 
fortable variety of dopamine receptors, at 
least one of which is a kind of receptor not 
known elsewhere — an auto-receptor on 
the presynaptic neurone which is sensitive — 
to the neurone’s own product. Given the — 
social importance of the disease, wouldnot | 
an investigation of the nature of the 
dopamine receptor (what, physiologic ay, 
does its activation do to a cell?) be 





worthwhile? 


Manic-depressive illness 

This is a simple question. Why is lithium 
effective in the treatment of manic 
depressive illness, a disease in its own way 
as important as schizophrenia? 
Presumably lithium has something to do 
with ion channels. Nobody seems to know 
what the answer is. 


Colour vision 
Thomas Young in the seventeenth century 
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was the first to conclude (theoretically) t that 
the eve must contain receptors for three 


primary colours. The theory has, of 
course, been brilliantly confirmec — there 
are three classes of cones with different 
spectral sensitivities. Yet Young’s 
argument is now known to be false. _ 

Curiously, the cells of the colour- 
sensitive visual cortex in the monkey (the 
fourth visually sensitive area counting 
from the primary area) respand over 
comparatively narrow ranges of the 
spectrum to colours not represented in 
Young’s list of primary colours or by the 
colour-sensitive pigments in the cones of 
the retina. Moreover, from common 
experience, it is known that the perception 
of colour remains constant over an 
enormous range of visual intensity. Also, 
Land’s two-colour theory of colcur vision 
(in which Young’s third colour is replaced 
by the third dimension of mtensity) 
appears to fit the facts quite well. Zeki*?-* 
has defined the problem and resolved some 
parts of it. What can be said about the 
remaining conundrums and their bearing 
on the rest of mental function? 


Neuronal peptides 

The fuss in the past five years about 
‘neuronal peptides (deserving, as.a social 
phenomenon and investigation of its own) 
‘must mean something, for there is never 
smoke without fire. But what? The 
-enkephalins appear to bind to the opiate 
receptors (whose physiological function 
has not yet been defined). But do the other 
peptides (with the possible exception of 
substance P) have a neuronal fuaction? If 
not, should an understanding of their 
function in mammalian brain be sought in 
the mechanisms of the secretion of 
hypothalamic hormones, a question not 
given much attention? 


Auditory system 

What is to be made of the mechanism of 
perception of sound by the mammalian 
ear? Sensory transduction is markedly 
different from that of other sensory inputs, 
consisting of a mechanism whereby 
“mechanical pressure fluctuations within 
-the ear are translated into neuronal signals 
as a result of the specialized behaviour of 
hair cells in the cochlea. Although the hair 
cells are generally arranged along the 
membrane within the cochlea according to 
their frequency response, it is by no means 
-clear what representations of these sounds 
is eventually conveyed to the part of the 
cortex (at the outward fold known as the 
superior temporal gyrus) representing the 
outward impression of the ears. Nor is it 
clear why the ascending nerves of the 
auditory system pass through no fewer 
than four intermediate nuclei. before 
reaching the cortex, from each of which 
there is a rich supply of nerves running in 
the opposite direction. Could this 
complicated arrangement be an evolu- 
tionary hangover from more primitive 
times? 


Smell ae Tue: 
What. is it, in 1 enGlectilar’ ‘terms, that ‘the 
olfactory system responds to? Shape? 
Vibration frequency? Or something else? 


Acuity 


Psychological measurements of the 


sensitivity of the senses usually conclude 
that, in favourable circumstances, even the 
human senses are capable of surprisingly 
accurate measurement. Ears in good 
condition can, for example, detect 
frequencies of the pitch of sounds heard 
independently that differ by no more than 
a few cycles a second. Is the basis of this 
operation some absolute set of standards 
or, alternatively, some physical principle 
such as the production of a beat frequency 
with a set of standard local oscillators? 

In the visual system, the relatively high 
performance of the human eye (sensitive to 
changes of position of a few minutes of arc 
in the visual field under the best conditions) 
is well accounted for by the density of 
neurones in the primary visual cortex. The 
sensitive parts of the somato-sensory 
system appear to owe their acuity to the 
way in which they are overrepresented in 
the cortical maps of the outside world, as 
perceived by the peripheral nervous 
system. But can this general principle be 
confirmed for other kinds of perception? 


Development 

The description, in the past few years, of 
the migration to the cortex of neurones 
within the developing mammalian embryo 
is nevertheless a reminder that the 
mammalian nervous system presents 
curious problems in developmental 
biology. The general rule is that the simpler 
an organism, the more predetermined 
(‘‘hardwired’’) is its endowment of 
neurones. By what mechanisms are these 
wiring systems established? Yet even the 
simplest forms of organisms (Aplysia, for 
example) are capable of plasticity. 

What mechanisms account for residual 
post natal platicity in higher organisms? 
Modification of membrane transmission in 
networks of cells? The growth or atrophy 
of neuronal processes? Or something quite 
different? What, in any case, is the 
function of the elusive nerve growth factor, 
whose role in neuronal cell biology seems to 
become less well defined as its chemical 
structure is better known? 

These, it may be thought, are fields of 
investigation well within the reach of the 
techniques which have sustained 
neurobiology in the past two decades, 

These and others are, of course, fields of 
investigation at the centre of many people’s 


interests. Some of them are well within the 


reach of the techniques that have sustained 
neurobiology in the past two decades. 

Others, the problem of the development of 
the nervous system for example, will 
probably require the development of new 
techniques — the procedures so far used, 

fruitful though they have been, are un- 


“happily time-consuming and frustrating. 


The question of how the brain asa whole 
works, no doubt unfairly referred to as a 
subject for retired gentlemen, is neverthe- 
less at this stage unlikely to be a fruitful 
stimulus for the further understanding of 
how the nervous system functions. This 
does not, however, mean that there is no 
place in contemporary neurobiology for 
theoreticians. On the contrary, as the work 
of David Marr has amply demonstrated, 
there is a great need for tangible models of 
specific parts of neural mechanisms. 

The value of these theoretical 
approaches is nicely illustrated by the 
argument due to Crick, Marr and Poggio”! 
on the acuity of visual perception. Marr’s 
approach to the theory of how an abstract 
image of the external visual world is 
constructed relied largely on the assumption 
that one of the chief objectives of visual 
processing is to determine the places at which. 
the outlines of objects can be discerned, 
perhaps by the rate at which the intensity of 
light changes over the visual field. 

This is also the underlying principle of the 
artificial vision system developed at MIT (see 
p. 531): that the visual field has a million 
picture elements and the computer processing 
consists of comparing the intensities of the 
picture elements in such a way as to define the 
outlines of objects ‘‘seen’’. 

Both the development of a computer 
program capable of operating within the 
limitations of the hardware available and 
the mathematical nature of the problem 
have required the investigation of 
problems in information theory that are 
themselves of great interest. 

What Crick, Marr and Poggio have 
shown is that it is indeed possible for a 
system such as the human retina and the 
associated visual cortex, with primary 
visual receptors separated from each other 
by angular distances of 25 minutes of arc, 
to detect irregularities in the positioning of 
points of light which are themselves an 
order of magnitude less. That this is 
possible turns on arguments about the way 
in which the general shape of a mathe- 
matical function can be reconstructed from 
asample of its values taken on some regular 
grid of coordinates — and on the 
assumption that the differential co- 
efficients of the function are not too large. 
Such arguments promise to be able to build 
bridges between the understanding of the 
mechanism of perception in neuronal 
terms and the psychometric laboratory. 

But may there not be scope for other 


kinds of theoretical arguments at a still 


more rudimentary level? If, for example, 
the typical neurone in a nervous system 
contains several types of channels for the 
transfer of ions across the membrane, and 
if some of these channels are sensitive to 
other extracellular influences or even to the 
ions themselves, a complicated but never- 


theless soluble problem has been defined. 


It may be more productive to tackle that 
first, before going on to consider the 


rm 


mathematics of consciousness. a 
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THE neurosciences are proud to call 
themselves an interdisciplinary gathering 
of people. But neuroscientists themselves 
often overlook the extent over which their 
component disciplines are spread. The 
field has its roots in clinical medicine. 
Physiology entered the scene only rela- 
tively recently, perhaps a century ago. But 
now, all kinds of disciplines have a finger in 
the pie, straightforward chemists and 
information scientists for example. 


Growth 
The neuroscientists also often forget how 
quickly their field has grown in the past 
decade or so, and how in the process it has 
been transformed. Until the mid-1950s or 
thereabouts, neuroscientists were typically 
people working in small laboratories, 
pursuing particular investigations in the 
time they had to spare from their other 
duties in the classroom and the committee 
room. The. notion that there might be as 
much scope, in the understanding of how 
nervous systems work, for a transform- 
ation of professional opinion as there had 
been in molecular biology in the early 
1950s, was reluctantly accepted by the 
scientific community and by the grant- 
making agencies. It is also fair to say that 
even at this late stage, many practitioners 
regret that their field of interest has become 
the excited (and excitable) community that 
it now is. = 

Thus the American Society for Neuro- 
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This survey of the present state of neuro- 
sciences is necessarily a kind of snapshot, one 
taken from an idiosyncratic point of view. 
Others might well have paid more attention to 
other aspects of the functioning of typical 
nervous systems — the biochemistry of the brain, 
the psychological tests that can be made of the 
functioning of these systems and insight that may 
be gleaned from the way in which typical nervous 
systems respond to injury, either accidental or 
deliberate (as in surgery). Much the same con- 
clusion would no doubt emerge from a survey of 
some other field — high-energy physics for 
example. The most vivid impressions are those 
conveyed most forcefully by those accidentally 
encountered. Nature is grateful to those who 
have been good enough patiently to answer the 
questions importunately put to them. 

A few generalizations are appropriate. First, 
the present ferment in the neurosciences is not 
new. What has happened in the past few years is 
merely that the community of the neuroscientists 
has grown, perhaps by an order of magnitude in 
ten years. Second, the kinds of problems with 
which people now contend are not very different 
from those of the 1950s, or for that matter of the 
1930s. As always, the most interesting problems 
are those which cannot unambiguously be 
resolved for lack of data. 

Third, however, a good deal of water has now 
run under the bridge. Several features of the 
typical nervous system and even of the human 
brain are well established. The chances are good 
that the cooperative functioning of aggregations 
of neurones will indeed account for the way in 
which brains of all degrees of complexity 
perform. One point that needs urgently to be 
established is whether the behaviour of such a co- 
operative aggregate will indeed be sharper, less 
fuzzy at the edges, than the behaviour of single 
neurones. That must surely be a challenge for the 
physicists and those in artificial intelligence. 

There is also a need for a better understanding 
of the metabolism of neuronal cells. Some 
specific interactions between those materials un- 
ambiguously known to be neurotransmitters and 
the downstream cells are reasonably well 
understood. But by what mechanisms is the 
replenishment of neuronal transmitters in the 
presynaptic cell regulated? And what balance 
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can be struck between the effects of neurotrans- 
mitters at synaptic junctions and the more 
generalized effects of neuroactive materials in 
the intercellular medium? Some indication of the 
importance of these metabolic questions may be 
gleaned from the fact that no less than 14 per cent 
of the energy consumption of the adult human 
being is expended on the metabolism of the 
human brain. 

Other issues arise in the anatomical descrip- 
tion of real nervous systems. The general 
tendency is for there to be a more or less geo- 
metrical representation of the outside world on 
the surface of the cortex, in the visual and in 
other sensory systems, but there is at present only 
the sketchiest understanding of how such 
representations may be interconnected. Prac- 
tically, however, these interconnections are 
crucial to proper functioning. One can avoid a 
visible obstacle in one’s path without thinking 
very hard. Is this a field in which psychology may 
more rapidly contribute to understanding than 
plain painstaking anatomy? 

The conceptual part of the problem of neuro- 
biology also deserves more attention than it has 
received. Grand philosophical questions — what 
is consciousness, and so on, are probably less 
important than more strictly operational 


questions — by what means do people learn to 


assign names to familiar objects, providing 
themselves with a kind of lexicon for the images 
formed in the visual cortex? Is Chomsky’s view 
that the structure of language implies a kind of 
universal grammar reflected in the anatomy of 
the regions of the brain and, if so, what kinds of 
connections are implied? 


The growth of the American Society 


for Neuroscience in the past few years 
is at once a measure of the enthusiasm of 
people (mostly relatively young) for this 
absorbing field of enquiry and of the willing- 
ness of the grant-making agencies to back 
that enthusiasm with grants. But the growth 
cannot continue indefinitely. The society’s 
boast, in recent years, that by the end of 
the century there will be more neuroscientists 
than adult citizens in the United States is a 
poor joke. Has the time come when the 
neurosciences should work out a strategy for 
maturity? 
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Abundances of primordial noble gases are lower for Mars than for Earth, but are higher for Venus. The data for Venus are 
attributed to implantation of solar wind in small preplanetary particles. Results for Mars are explained by escape of gas from 
planetesimals with radius between 5 and 100 km which form within the first 10” yr of the Solar System. Volatile loss is. 
associated with melting caused by short-lived radioisotopes such as "Al, 


OUR knowledge of planetary atmospheres has increased 
markedly over the past decade, thanks mainly to experiments on 
the Mariner, Pioneer and Viking missions of the United States 
and the Venera missions of the Soviet Union. Measurements of 
noble gases in the atmospheres of Mars and Venus, summarized 
in Table 1, are particularly puzzling: concentrations of *’Ne, 
Ar, “Kr and Xe were unexpectedly low for Mars’™; 
concentrations of Ne, *’Ne, “Ar and **Ar were very high, in 
contrast, for Venust”. 

The noble gases provide invaluable constraints on models for 
the formation of planets and for the evolution of their atmo- 
spheres. It is useful to distinguish from the outset between 

rimordial gases (for example, “He, “He, Ne, “°Ar, Ar, “Kr, 

Xe) present in the original solar nebula and radiogenic gases 
(including “He, *°Ar, '’’Xe) produced at least in part by decay of 
rock forming elements such as U, “°K and '°°I. The half life of 
“°K is 1.3 10° yr and the abundance of *°Ar reflects both the 
initial abundance. of potassium and the efficiency for degassing 
over the age of the planet”’®. Interpretation of data for '*’Xe is 
complicated in that the half life of the precursor ‘I, is only 
1.610’ yr (refs 11,12). Thus concentrations of °Xe and '*°] 
may vary significantly over the period of planetary formation. 

Primordial noble gases in meteorites fall into two classes‘? $, 
planetary and solar, with relative abundances as given in Fig. 1. 
The planetary distribution is thought to arise during conden- 
sation'’"'* though it may be modified by subsequent evolution. 
The solar pattern appears to reflect implantation by the solar 


wind and is displayed prominently in samples from the lunar | 


surface’. The atmospheres of the terrestrial planets retain 
neon, argon, krypton and xenon??? Helium, in contrast, is 
lost rapidly to space”, | 

An acceptable model for the terrestrial planets must account 
for: (1) an abundance of primordial neon and argon in Venus’ 
atmosphere ~70 times larger than that for Earth; (2) an abun- 


dance of primordial neon and argon in Mars’ atmosphere ~180 ` 


-times less than that for Earth; (3) ratios of primordial neon to 
-argon similar for all three planets; (4) occurrence of the 
‘planetary pattern for Ne, Ar, Kr and Xe in meteorites and in the 
atmospheres of Mars and Earth, with a departure for Kr on 
Venus; (5) abundance ratios '“°Xe/'**Xe and *°Ar/**Ar for 
Mars higher than for Earth; (6) a ratio 7°Ne/*"Ne for Venus 
similar to solar wind, though higher than for Earth; and (7) a 
ratio “°Ar/N for Venus higher than for Earth by a factor of 20. 
The problem may be summarized as follows. Venus has an 
unexpectably high concentration of Ar, a ratio Ne/**Ar 
similar to Earth, Mars and the planetary component of 
meteorites, but a distinctly different value for the ratio 
—*°Ne/**Ne. The concentration of *%Ar in Mars’ atmosphere is 
low and cannot be attributed simply to inefficient degassing. 


Previous models 


Differences in the abundances of noble gases in the atmospheres 
of terrestrial planets might arise due to variations in the extent to 


eee niente erent a pt eos 
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which parent solid bodies released their original store of vola- 

tiles. The abundance of "Ar gives information on the ratë and 
manner of degassing’’'’. The abundance in the atmosphere of 
Mars is less than that in the terrestrial or Venus atmospheres by 
a factor of ~10. If we assume, consistent with available data S 7, 

that K should be similar for all three planets, then the degassing 
efficiency for Mars should be about one-tenth that for Earth and 
Venus. These considerations suggest that the total planetary 
abundance of Ar for Mars may be 10 times larger than the 

atmospheric abundance, 18 times less than the terrestrial value, 

Our estimate for the martian abundance would be reduced if K 

were low as suggested by Anders and Owen*’*°**. Table 1 

includes estimates for the total abundance of “Ar in gach 

planet. These data were derived by scaling measured concen- 
trations of ° Ar using observed values of Ar, 

The noble gas results for Mars and Venus are quite unexpec- 
ted. Models for condensation in the early solar nebula suggest a 
pattern opposite to that observed ™* S! with concentrations 
highest at Mars where the nebula was relatively cold, lowest at 
Venus. Concentrations of **Ar in meteorites” range from 
undetectable to 3 x 10°" g per g. One might attribute the abun- 
dance of *°Ar in a particular planet to aggregation of materials 
drawn from different meteorite classes™. Anders and Owen” 
proposed that planetary volatiles could be associated with late 
accretion of volatile rich material with composition similar to 
meteorites of class C3V. The hypcthesis was introduced to 
account for the Viking results and is generally consistent with 
the martian data summarized in Table. 1. It fails, however, to 
account for the more recent information from Venus”. Pollack 
and Black**, working with the Venus data, took a rather 
different route. They suggested that noble gases could be equili- 
brated with grains in the primitive nebula at a rate proportional! 
to ambient pressure. The nebula was assumed to be isothermal 
between the orbits of Venus and Mars to maintain an invariant 
pattern in noble gases. The pressure must have declined by four 
orders of magnitude over this distance to account for the 
decrease in noble gases indicated in Table 1. This requires a 
scale height in the primitive nebula 20 times larger than one 
would calculate assuming a central mass equal to that of the — 
contemporary Sun, a difficulty not explicitly considered: by 
Pollack and Black. 


Present model 


We propose a model for the noble gas concentrations observed 
in all three terrestrial planets drawing on data from meteorites 
and lunar soils. We take the view that the origin of Venus’ noble 
gas must be distinct from that of Earth's, as the isotopic 


composition of neon is different. The similarity of Venus’ 


°°Ne/*°Ar ratio to the terrestrial value must be considered in 
this case fortuitous. We suggest that Venus’ noble gases are 
derived mainly from solar wind while the terrestrial and martian 
components condensed from the nebvla with an origin similar to 


ants, 
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Table 1 Noble gases 





Atmos. Atmos. Total 
3© Ar 490 ay 36 A r* 
(g per g) (g per g) (g per g) Ne/ Art P Kr/ Ar Xe, Ar N Ar PNe/ Ne PAr/ Ar P Xe/ 7 Ke 
Venust 24x10? 2.7x10°° 2x1i0% 0.3+40.2  <0.007 2 2.5x 10° 1423 1.0 ? 
Earth§ 35x101} 12x10 7x107" 0.52 0.021 7.5x107* §x10* 9.8 296 0.98 
Mars|| 20x107? 7.0x107°° 8x10" 0.38 0.032 3x107 2x 10° 9 3000 2.5 
Sun‘ 3x10 
Solar wind 35 0.0005 6x107 1x10? 13.3 <] 1.05 
Flares 32 7.7 
Lunar fines” 8x107 
Meteorites** 
C 0.27 0.012 1x107 4x10° 8 1-3 
C3V §x197'° 3x 10° 
C30 2.5x10°° 6x 10 
H, L, LL 0.2-5x 107” low 0.01 1x107? 4x 10° 
E 0.1-1 x107? 
Gas-rich 0.02-2x 107? 20 0.001 low 12.5 
Neon-E <Q.1 
Cosmic rayst7 2.6 





* Total abundance assumes that 50% of ° Ar remains trapped within the Earth®®: the efficiency of degassing for Venus and Mars is scaled by using 


measurements of *°Ar. 
+ All mixing ratios are atomic. 
t Refs 6, 8, 87. 
Š Refs 88, 68, 75, for example. 


Refs 1,3, and 25. Assumes *°Ne/?*Ne = 8 and a mean pressure of 7.5 mbar (ref. 89), The ratio N/ %6 Ar in the present atmosphere is approximately 
1 x 10°; the ratio given here refers to the original system and includes estimates for escape of N (see text). 


* Solar wind data are based on neon observations of Geiss et a/.*”, photospheric abundances of neon/argon 


flare data are from refs 91 and 92. 
* Refs 19, 53. 
** Refs 14, 20, and 32 with 93 and 94 for neon-E. 
tt Refs 95 and 96. 


that of the planetary component in meteorites. The low concen- 
tration of noble gases in Mars is attributed to differentiation and 
escape of volatiles from preplanetary martian material. 

Our model is based on a postulate that condensation proceeds 
most rapidly in cooler outer regions of the solar nebula. The 
solar nebula included from the outset a heterogenous mixture of 
gas and particles***’. The quantity of material present in the 
condensed phase would have increased with time as the nebula 
cooled. High concentrations of condensate would have 
appeared first in intermediate regions of the nebula where 
combinations of low temperature and adequate density 
favoured most efficient condensation*®**'. We suggest that this 
region occurred near the orbits of Mars and the asteroids. The 
condensation sequence would have proceeded later near the 
orbit of Venus as cooling extended to the inner nebula. Coales- 
cence of small particles to kilometre size could have been rapid 
once the amount of condensed material became comparable 
with that now in planets****. Goldreich and Ward* showed that, 
if the condensate was confined to a homogeneous disk 
<5,000km thick, accretion of dust grains into sizeable 
planetesimals would take place in ~10° yr. As shown below, the 
noble gas data suggest that conditions necessary for rapid gravi- 
tational accretion were present for the pre-Mars material but did 
not occur in the pre- Venus environment. 

The primitive nebula included significant concentrations of 
26A] (half life 0.7 x 10° yr)“ in addition to trace quantities of 
short-lived radioisotopes such as '°’Pd (ref. 45) and °°"! (refs 
11, 46). Lee et al.* noted that radioactive heat sources in certain 
meteoritic inclusions were sufficient to melt kilometre sized 
objects which formed from these materials during the first few 
million years. Indeed, there is evidence that iron meteorites 
differentiated within this time period**. (Smaller objects 
characterized by a relatively larger surface area-to-volume ratio 
could dispose of the excess heat by radiation and would not be 
expected to attain high internal temperatures.) Objects forming 
in cooler regions of the nebula would have included high initial 
concentrations of noble gases'*’’*” which would have been 


50,90 and lunar data’ {see text}. Solar 


modified subsequently by escape following melting and by input 
from the solar wind. We suggest that the rapid accretion/mel- 
ting/escape sequence accounts for the deficiency of noble gas in 
Mars. In the inner Solar System most of the *°Al would have 
decayed before formation of kilometre-sized objects. Loss of 
volatiles from preplanetary Venus material would consequently 
be negligible. 


Venus and the solar wind 


Effects of solar wind would have been most important for 
innermost regions of the nebula. Condensing preplanetary 
bodies would have incorporated solar wind at a rate propor- 
tional to their exposed surface area. According to the present 
model, the area-to-volume ratio for condensed material would 
have decreased as a function of distance between the orbits of 
Venus and Mars. The Poynting-Robertson effect and friction 
between particles and gas would have led to further concen- 
tration of small particles near Venus****. We expect therefore 
that solar wind should have a more important role for Venus 
than that for Earth and Mars. Our knowledge of noble gases in 
the solar wind and solar flares is based on a few direct 
measurements*”*' and on detailed analysis of samples from the 
Moon'*5?**_ Lunar soils provide an excellent example of the 
accumulated effects of irradiation by solar wind and flares, with 
bulk abundances for *°Ar often as high as 8 x 107” g per g. The 
expected dependence of *°Ar on particle size and exposure time 
is shown in Fig. 2. Dynamical considerations suggest that the 
final stages of planetary accretion should occupy a time between 
10’ and 10° yr (refs 43,57-59). We could account for **Ar in 
Venus’ atmosphere from solar wind if Venus formed from 
materials with a mean radius of 10 m exposed for ~2 x 10’ yr to 
solar wind of current strength and composition. This material 
could be distributed uniformly about the orbit of Venus and we 
would require that it extend ~10 planetary radii above the plane 
of the nebula, if characteristics of the early solar wind were 
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similar to. those of today. The projected surface area and 
exposure- times would be lowered if the early wind were more 
intense.. 
_ Ones cat 1 account therefore in a straightforward fashion for the 
2Ne/? io and for the absolute abundance of **Ar in 
us’ atmosphere by postulating a dominant role for the early 
tio * “Kr/**Ar would be ~5 x 10°“, consistent 
treported by Hoffman et al.* Indeed it would 
-Otherwise for the low value of “Kr in 
model has greatest difficulty in accom- 
bserved for *°Ne/ 8 Ar, The ratio *°Ne/**Ar 
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Fig.1 a, Abundances of primordial noble gases observed in the 
atmospheres of Venus (V), Earth (E) and Mars (M). Abundances 
are quoted as ratios referenced to mass of the parent planet. The 
abundance of Ne for Mars is based on an assumed ratio 

Ne/??Ne of 8. The abundance indicated for **Kr on Venus is an 
upper limit. b, Relative abundances of primordial noble gas for 
lunar fines (L), the solar component (S) found in ‘gas-rich’ 
meteorites and the planetary component of meteorites (P). Abun- 
dances of **Ar for L, S and D are set arbitrarily equal to 107*, 107° 
and 1078, respectively. For absolute abundances of “°Ar see 

Table 1. 













is typically 35 in lunar soils exposed recently to solar wind 
abundance is variable for older materials”’, refi 
neon by diffusion‘. Ratios “°Ne/*°Ar may be as low 
correlated often with mineral type” S, We st 
to argue that the ratio Ne tAr observed by Pio 
0.3, may be attributed to differential diffusive loss of neo: E 
pre-Venus material. i 
The time scale, t, for removal of neon may be represen 


t=a°/D 


where D is a diffusion coefficient and a isthe penetrat on 
for solar wind, typically ~3 x 107° em (ref. 19), 
noble gas through minerals at temperature T may ‘be 
terized by | 











D = Deexp(-E/ RT) 


where R is the gas constant, and E is the activation € 
Values of Do for noble gases range from 107° em’ s "iny 
silica’ to 107’ cm’ s”' in alumina—glass mixtures”. Act 
energies’”** vary from 5 to >65 kcal mol`’, and gas may be 
trapped at individual sites characterized by a spectrum of val 
for E (refs 66, 67). We expect *°Ne/**Ar to have an initial val 
of ~35. The ratio should decrease with time on various time 
scales ¢, reflecting applicable values of Æ; and the thermal history 
of the sample. : 

Assume that Venus formed in ~5 x10’ yr; neon released 
from the condensed phase after this epoch would be retained by 
the planet. Neon evolved earlier would be lost. Assume that the 
preplanetary material was characterized by a temperature of 
333 K (an appropriate temperature for a black body exposed to | 
present sunlight at the orbit of Venus; the actual temperature of | 
preplanetary material could differ depending on conditions in- 
the nebula and the luminosity of the early Sun.) It follows from 
equations (1) and (2) that neon trapped at sites with E; <o. 
26kcalmol"' would be lost; neon at sites with E> 
26 kcal mol’ would be retained. Studies based on step heating : 
of lunar samples”? suggest that. > 95% of neon implanted in 
preplanetary Venusian material would. be lost in 2x 107 yrat. 
333 K (equivalent to 1 hat 1,050 K): Loss of Ar and “Kr 
would be negligible, see Fig. 3. The resulting value for 
°Ne/**Ar should lie between 0.5 and 2.0, consistent with the — 
observed value‘, 0.3+ 0.2. pang 


The neon problem 


The ratio *°Ne/”*Ne is variable in the Solar System, with valu s 
typically between 7 and-14 (see Tabie 1); The range of values _ 
observed for “"Ne/**Ne is thought to reflect fractionatio 
neon in the primitive nebula’? and, in addition, heteri 
associated most probably with material synthesized i 
nuclear environments ™*, (Note that the ratio "g 
remarkably uniform for. all materials. sampled to date meee 
unlikely therefore that the variety in ?°Ne/*’Ne can be a 
buted solely to diffusive. separation" There is unce 
concerning the e value for the a Ne ratio of the Su 





















either, of iese Aanes | is seareientetioe gD basen a“ A 
*°Ne/ 2Ne of ~8 is typical for the planetary. component: E 
meteorites and seems to be favoured for condensation in 1 he. 
early nebula. Materials modified by solar wind exhibit ratios in — 
the range 11-14. We could account for the terrestrial ratio of 9.8 _ 
if 40% of Earth’s neon were derived from solar wind, with the : 
remainder drawn from the planetary component. We might E 
expect preplanetary Earth to retain selar wind neon with higher _ 
efficiency than Venus, as temperatures and effective. di : fusion : 
coefficients would have been lower at the orbit of Earth. Sources — 
of *°Ar, “Kr and '**Xe from the solar wind would be ne: l 
compared with quantities of these gases trapped- “during 
condensation. We could account for terrestrial neon iin pre- 
planetary material of mean radius 50km were exposed to solar 
wind for 2 x 10’ yr. 
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Fig. 2 Mean abundance of ° Ar (g perg) accumulated by 
planetesimals from the solar wind as a function of exposure time. 
Planetesimals are assumed to follow an exponential distribution in 
radius (N(r)dr = exp (~r/a) dr) and. to have a mean density of 
3 gcm”. Each solid line refers to a particular distribution with 
mean radius a as given. Abundances are quoted for exposure to 
present solar wind at the orbit of Earth (1.0 Au). The effect of 
location is shown for a mean radius of 10 m, with data for Venus 
(0.7 AU) and Mars (1. 5 AU) indicated by dashed lines. The satura- 
tion limit®*, 10°? cm? STP of gas cm” *, is denoted by S. Abun- 
dances of 36 Ar for the atmospheres of Venus (V), Earth (E) and 
Mars (M) are indicated. 


Mars 


We expect neon implanted by the solar wind to be retained with 
relative ease by preplanetary Mars. The solar wind component 
would be characterized by a ratio ”Ne/*% Ar of about 1 (refs 19, 
54, 68, 75) in contrast to the value 0.047 observed for Mars’. We 
might hope to use these data to place limits on the time for 
effective exposure of preplanetary material to solar wind at the 
orbit of Mars. The data in Fig. 2 and Table 1 suggest that 100-km 
objects could be exposed to solar wind for no more than 
5x 10° yr, a somewhat paradoxical result at first sight. We 
require preplanetary Mars material to melt and differentiate 
early, and its average size to be small enough to permit efficient 
‘escape of gases as heavy as xenon. On the other hand, dynamical 
-considerations require that final stages of planetary accretion 
should occupy a time interval of at least 10” yr (refs 43, 57, 59). 
= itis likely that planetesimals at Mars’ orbit may have been 
_ shielded to some extent from solar wind by material in the inner 
` Solar System. The paradox may also be resolved if ionization of 
_ gases evolved from preplanetary bodies were to provide a shield 
insulating surfaces from solar wind’®’”’. Indeed this shield must 
be operative at present as the flux of 22Ne in the current solar 
wind would account for the abundance of neon in Mars’ atmo- 
sphere in as little as 10’ yr, 

The ratio ° Xe/" Xe is 2.5 for Mae 0. 98 for Earth, 1.05 for 
-solar wind, and ranges between 0.6 and 3.0 for bulk meteorites 
with much higher values for specific inclusions? 12587578780, 
High values of '°Ke/'*?Xe require a mechanism to deplete 
xenon relative to iodine in materials forming Mars and certain 
meteorites. Depletion must occur within 3x10’ yr following 
incorporation of '°I in planetesimals. The relatively high value 


for war) Ari in Mars atmosphere: seems to require a corre- 
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sponding mechanism to deplete argon relative to potassium and 
is explained by the melting/ degassing scenario envisaged here. 

Mars’ atmosphere is composed mainly of CO, with trace 
quantities of Na, H-O and photochemical products such as CO, 


QO, and O3, in-addition to the noble gases discussed above 2,3,81,82 


Nitrogen is especially interesting. Its isotopic composition 
differs significantly from that of Earth and other Solar System 
materials. The difference is attributed to preferential escape of 
‘“4N relative to ‘*N, and implies an initial abundance for atmo- 
spheric N, of no less than 8 x 10° molecules cm™*, more prob- 
ably ~1.3 x 10°% molecules cm” (refs 1, 83). One might assume 
that nitrogen is released from the solid body with an efficiency 
only slightly less than that for argon. In this case nitrogen in the 
early Mars would be ~2.6 107° g per g,» certainly no less than 
1.6x 107 g per g, with 5% of the total in the primitive atmos- 
phere. The ratio N/*°Ar would be at least as large as 1 x 10°, 
more probably ~2 10°. By way of comparison the ratio is 
5 x 10* for Earth and 2.5 x 10° for Venus (see Table 1). The low 
value for Venus is attributed to addition of argon from the solar 
wind in the preplanetary phase, a process which would not 
significantly affect nitrogen. The high value for Mars could 
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Fig. 3 Fraction of noble gas remaining in lunar samples after 
heating at. a given temperature for 1 h. The initial ?°Ne/?*Ar ratio 
in these materials is typically 6. The mean rate of degassing of neon 
and krypton was measured for three er ee: ae by Drozd et al”? 
and is indicated by the thick line D (PN ina, Krin $). Other data 
are from Pepin eż al. (ref. 69). Solid lines are for lunar fines 10084 
Ne i in a, ®Kr in b); dashed lines, lunar rock 10069 (* Nein a, 
*Ar in b); dotted line, lunar breccia 10061 (Ne i in a). The energy 
scale refers to the activation energy. of.an implanted gas which 
would be released in the following conditions: heated at the given 
temperature for 1h following: implantation at a mean depth of 
3x 107° cm, with Do = 10°’ cm* s™ (see text). The arrow labelled 
V denotes the maximum activation energy consistent with rela- 
tively complete escape of gas in 5x 10’ yr from-an object at the 
orbit of Venus (333 K), see text. 
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atmosphere of ~0.1, intermediate between the values observed. 
for Earth and solar wind, with '*°Xe/'*’*Xe ~1. | 

More precise observations are required to test and develop 
these ideas. It is clear that they could be refined and would bi 
more quantitative if formulated in the context of a comprehen- 
sive physical model of planetary formation. There are reasons to- 
expect, in turn, that observations of noble gases in meteorites, 
comets, asteroids and planets should provide invaluable clues to — 


reflect preferential retention of chemically bound N (ref. 84) 
relative to Ar during melting. 


Conclusions 


We may summarize now our response to the questions raised 
earlier: (1) the abundance of neon and argon in Venus’ atmo- 


sphere is dominated by implantation of solar wind in pre- 
planetary material; (2) the deficiency of primordial noble gases 
in Mars’ atmosphere is attributed to differentiation of pre- 
planetary material; (3) the origin of Venus’ neon is different 
from that of Earth and Mars and the similarity of Ne/Ar for 
Venus to values for the other inner planets is fortuitous; (4) the 
discrepancy between Venus’ noble gases and the planetary 
pattern is due to large additions of gas from preplanetary solar 
wind; (5) the ratio “’Ar/*°Ar for Mars is higher than for Earth 
due to escape of *°Ar in the preplanetary phase, and the higher 
value for '**Xe/***Xe arises because Mars formed early with 
high concentrations of ‘I; (6) Venus’ neon is derived from solar 
wind and reflects its isotopic composition; (7) the solar wind 
would not add significant quantities of nitrogen and the high 
value of **Ar/N on Venus is attributed to excess “Ar. Our 
model suggests that the pattern of noble gases for Mars should 
resemble the planetary pattern of meteorites, that the ratio 
*°Ne/?*Ne should be ~8. Krypton and xenon on Venus would 
be derived in part from solar wind, in part by condensation from 
the primitive nebula. We expect a ratio '°?Xe/*Kr in Venus’ 
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Cloned genomic retroviral DNA is expressed in mouse zygotes after microinjection. The resulting virus integrated into the 
mouse genome at a single chromosomal site and was expressed in a tissue-specific manner. Our findings suggest that the 
chromosomal position of a viral genome influences its activation during development. 





IN recent experiments in our laboratory, we have used the 
techniques of microinjection of Moloney leukaemia virus 
(M-MuLV) into preimplantation mouse embryos (4—30-cell 
stage) as a model for the insertion of DNA into the germ line of 
mice’. One serious complication in that approach is the exten- 
sive mosaicism of the animals which result, so that genetically 
defined substrains can be obtained only after segregation in the 
next generation. From one of these strains, the Mov-3 substrain, 
which carries the MuLV at the Mov-3 locus’, we have isolated a 
16.8-kilobase (kb), EcoRI fragment containing viral and flank- 
ing mouse sequences? which is highly infectious in a mouse 
fibroblast transfection assay. We now describe how cloned 
Mov-3 DNA microinjected into one-cell mouse embryos can 
lead to the production of animals carrying a single inserted 
genome copy in each cell and which is expressed in a tissue- 
specific manner. 


Microinjection of DNA and expression 
in the animal 


Mouse zygotes of strain C57BL/6 were isolated 12-16 h after 
fertilization and ~2~4 x 10° wl of Mov-3 DNA (600 yg mi”) 
dissolved in 100% glycerol’ were microinjected into the cyto- 
plasm. The DNA was prepared by digesting pMov-3 with EcoRI 
to cleave the M-MuLV-specific sequences flanked by mouse- 
specific sequences from the pBR322 vector. After microin- 
jection the embryos were transferred to the oviduct of day-1 
pseudopregnant females. 

Five females became pregnant after having received a total of 
75 embryos and gave birth to 30 mice. At 4 weeks of age the 
animals were tested for viraemia (infectious virus in the blood) 
by radioimmunoassay. Viraemia is a sensitive assay for virus 
activation, as a single infectious virus particle is sufficient to 
initiate a cycle of virus replication and subsequent virus spread 
through all susceptible cell populations. Three of the mice were 
viraemic, one of which (no. 158) was killed when 53 months old, 
and DNA and RNA were extracted from different tissues. 
Autopsy revealed that the animal had not yet developed 
leukaemia (spleen weight 0.10 g; thymus 0.03 g). Viral-specific 
RNA was expressed in all the organs of the animal which were 
analysed", but at different concentrations (Fig. 1 and Table 1). 
The amounts of virus-specific RNA were highest in muscle, 
spleen, lung and testes. In Mov-1 mice, expression occurs 
predominantly in lymphatic tissues” and in Mov-3 mice in 
lymphatic and non-lymphatic organs (Table 1). 


Structure of M-MuLV DNA 


There are at least three different pathways that could lead to 
expression of microinjected DNA: (1) the microinjected DNA 


%2 Hybridized 


could integrate into the mouse genome at an early stage of 
development; (2) the DNA could persist during part of 
development and be expressed later, leading to synthesis of 
infectious virus which would spread to all susceptible cells, 
resulting in virus expression in many different organs (see refs 
5,9); (3) the Mov-3 DNA could be expressed after infection, 
and infectious virus integrate into the genome of the zygote or 
two-cell embryo. 

To distinguish between these possibilities, DNA from 
different tissues was digested with a restriction enzyme having 
no recognition site in M-MuLV proviral DNA (EcoRI)"®. If the 
injected DNA or virus has integrated at the zygote or two-cell 
stage (possibilities 1 and 3), M-MuLV-specific EcoRI fragments 
should be present in molar amounts in all tissues. Possibilities (1) 
and (3) are distinguishable by mapping the integration site with 
different enzymes. If virus has integrated at a later stage of 
embryogenesis [possibility (2)], virus integration would have 
taken place at different chromosomal sites in individual cells. 
This would result in submolar concentrations of individual 
M-MuLV fragments’, and so no specific bands should be 
detected after EcoRI digestion. 

Figure 2A shows that all organs of mouse 158 contained a 
single M-MuLV-specific 24-kb EcoRI fragment that hybridized 
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Fig. 1 Annealing kinetics of cellular RNA from different organs of mouse 
158 (A, spleen, thymus; +, testis; x, lung; O, muscle; W, brain; O, liver; 
@, kidney). As a control, RNAs from spleen of BALB/Mo ($8, Mov-1) and 
BALB/c {©} mice were included in the analysis. Isolation of RNA and 
annealing conditions to representative M-MuLV cDNA have been 
described previously®, The results are expressed as percentage hybridized (as 
measured by resistance to S, digestion) at different C,! values which were 
then corrected to standard annealing conditions. 
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Fig.2 Restriction enzyme analysis of DNA from mouse 158. A, digestion with restriction enzyme EcoRI. High molecular weight DNA was prepared as described 
previously'* and 15-yg samples were cleaved with an excess of endonuclease EcoRI (Boehringer) and then run on a 0.5% agarose gel. DNA fragments were 
transferred to a nitrocellulose filter by the method of Southern*' and hybridized to M-MuLV-specific cCDNA''. Lanes a, 200 pg of EcoRI-cleaved pMov-3; 
b, BALB/c liver DNA; c, Mov-1 liver DNA; d, ICR liver DNA; e, Mov-3 liver DNA; f, CS7BL liver DNA; g-l, DNAs from muscle, testis, brain. liver. spleen 
kidney respectively of animal 158. The length of the M-MuLV-specific EcoRI fragments of Mov-1 and Mov-3 animals has been determined previously and these 
fragments were used as size markers. B, digestion with restriction enzymes EcoRI, HindIII and Bell. Experimental conditions were as described for A, except that a 
0.8% agarose gel was used. All DNAs were digested with an excess of EcoRI and HindIII. After phenol treatment and ethanol precipitation some DNAs were further 
digested with an excess of Bc/l (Bethesda) as shown in lanes j-o. Lanes a, ICR DNA; b, Mov-3 DNA: c, CS7BL DNA; d-i, DNAs from kidney, spleen, liver, brain, 
testis and muscle respectively of animal 158; j, k, DNAs from spleen and brain respectively of animal 158; /, CS7BL DNA; m, Mov-3 DNA; n, ICR DNA: o, 200 pg 
pMov-3. The M-MuLV -specific HindIII fragments of Mov-3 (7.3 kband 4.4 kb: see Fig. 3) were used as size markers. Bell cleaves once in the M-MuL V genome (see 
map in Fig. 3); however it does not cleave viral DNAs such as pMov-3, which have been cloned and propagated in Escherichia coli, because the adenine residues in its 
recognition sequence are methylated**. Lane o shows that the HindIII fragments of the cloned Mov-3 DNA are not cleaved by Bell, in contrast to the 7.3-kb HindIII 
fragment of DNA from Mov-3 mice (lane m). Lanes j and k show that the 17-kb HindIII fragment present in the DNA of mouse 158 is also cleaved by Bel], resulting 
in two new M-MuLV-specific fragments of 4 and 2.3 kb. The 2.3-kb fragment represents the HindIII-Bell fragment present in M-MuLV proviral DNA (see map in 
Fig. 3). C, digestion with restriction enzyme Sacl, Experimental conditions were as described for A, except that an 0.8% agarose gel was used and the filter was 
hybridized with a nick-translated cloned M-MuLV DNA. Lanes a, C57BL liver DNA: b-d, DNAs from muscle, liver and spleen respectively of animal 158: e, Mov-3 
liver DNA; f, DNA from spleen of a preleukaemic Mov-3 animal. The Mov-3 mice were heterozygous for the Mov-3 locus. 


with equal intensity to M-MuLV-specific cDNA. The fragment 
differed in size from both Mov-3 DNA (16.8 kb, Fig. 2A, lane a) 
and Mov-1 DNA (27.5 kb, Fig. 2A, lane c), Suggesting a 
different integration site. This was confirmed by analysing the 
flanking sequences in digestion experiments with EcoRI and 
HindIII (Fig. 2B, compare lanes a-i) or EcoRI, HindIII and 
Bell (lanes j-o). Other restriction enzymes (not shown in Fig. 
2B) were used to construct a restriction map of the integrated 
proviral DNA (Fig. 3). Experiments using labelled pBR322 
DNA as a probe failed to show the presence of vector sequences 
in the animal DNA (data not shown). 

The restriction enzyme analysis indicated that Mov-3 and 
vector DNA did not integrate into the mouse genome, but was 
lost during subsequent development, suggesting that the cloned 
DNA was transcribed after microinjection and that virus 
integrated de novo into the mouse genome at an early stage of 
development, probably at the zygote stage. The lack of mosaic- 
ism is in sharp contrast to animals derived from embryos 
exposed to M-MuLV at the 4—30-cell stage, in which submolar 
concentrations of M-MuLV were observed in somatic tissues“ as 
well as in the germ line’, 

Two mechanisms could explain the different levels of virus- 
specific genome expression in the tissues of mouse 158. The 
24-kb EcoRI fragment carrying the M-MuLV genome could be 
expressed at a high level in some tissues and at a low level or not 
at all in others (see Table 1). Alternatively, infectious virus could 


have been activated at some time during embryogenesis leading 
to superinfection of all susceptible cells and subsequent expres- 
sion of the reintegrated viral copies. The latter mode of virus 
expression has been demonstrated for Mov substrains of mice 
which carry somatically acquired M-MuLV copies in their 
lymphatic tissues (Mov-1, Mov-3, Mov-9, Mov-13) and in some 
non-lymphatic tissues (Mov-3, Mov-9, Mov-13)°*”. Recent 
evidence has suggested that virus expression in the different 
tissues of these mouse substrains was due to the presence of the 
somatically acquired M-MuLV copies and not the endogenous 
M-MuLV copy’. 

To decide whether the tissue-specific expression of M-MuLV- 
specific RNA resulted from the presence of multiple M-MuLV 
copies, possibly acquired by superinfection, the total number of 
M-MuLV copies present in the DNA of each tissue was esti- 
mated. As M-MuLV copies acquired by superinfection would 
integrate at many different sites in individual cells, EcoRI 
digestion would produce submolar concentrations of individual 
M-MuLV fragments'', so that no specific bands would be 
detected. Digestion of the DNA with an enzyme that cuts within 
the M-MuLV genome, Sacl, yields two internal M-MuLV- 
specific fragments of 5.6 and 2.6 kb’. These fragments combine 
all integrated M-MuLV sequences regardless of where integra- 
tion occurs. The intensity of these fragments is then an estimate 
of the total number of M-MuLV copies present in DNA of each 
tissue, with the SacI fragments of endogenous murine C-type 
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Fig. 3 Restriction enzyme map of the integrated M-MuLV provirus of 
Mov-3 mice (a) and mouse 158 (4). The shaded bar spanning 0-8.9 kb on the 
map represents the M-MuLV provirus. The map of the integrated Mov-3 
provirus has been published previously“. The map of the integrated provirus 
of mouse 158 was derived by cleavage of high molecular weight DNA with 
different restriction enzymes followed by agarose gel electrophoresis. 
Fragments containing viral sequences were identified by blot transfer 
hybridization with a *?P-labelled cDNA that was specific for M-MuLV"’. 
Only the restriction sites within and directly adjacent to the provirus are 
shown. 


viruses acting as an internal standard. Figure 2C (lanes b-d) 
shows that the M-MuLV -specific SacI fragments in liver and 
muscle DNA of mouse 158 were of equal intensity, whereas the 
spleen fragments were stronger. As a control, DNAs of a Mov-3 
animal were included showing M-MuLV DNA amplification in 
spleen when compared with liver (Fig. 2C, lanes e and f). These 
obsevations confirm that viral RNA expression on lymphatic 
tissues of viraemic animals is accompanied by somatic DNA 
amplification®’”"'' and could be due to transcription of the 
M-MuLV genome in the 24-kb fragment and/or of M-MuLV 
copies acquired by superinfection. No M-MuLV DNA 
amplification, however, was seen in muscle of mouse 158, which 
expressed 100 or 5 times more viral RNA compared with liver or 
spleen respectively (Table 1). Our results suggest that viral RNA 
expression in muscle was due to specific expression of the 
M-MuLV genome in the 24-kb EcoRI fragment and not to 
superinfection of muscle cells with virus. We cannot exclude, 
however, that superinfection of a small fraction of cells took 
place which was not detected by the present assay. If this was the 
case, the acquired M-MuLV copies would have to be expressed 
at much higher rates or would have to synthesize more stable 
viral RNA than M-MuL’V copies of lymphatic tissues. 


Conclusions 


Early mouse embryos, as well as undifferentiated teratocar- 
cinoma cells, seem to be non-permissive for virus replication 
after infection with DNA’?'> or RNA’** tumour viruses. 
Microinjection of SV40 DNA into blastocysts did not lead to 
virus expression in the resulting animals'*. However, expression 
of cloned Xenopus DNA microinjected into unfertilized mouse 
oocytes has been reported’’. Our experiments provide the first 
demonstration that cloned DNA can be expressed when 
injected into a zygote leading to synthesis of infectious virus and 
virus integration. The injected DNA did not integrate and was 
lost during subsequent development, as we did not detect either 
Mov-3 flanking mouse sequences or vector sequences. In 
support of earlier conclusions’, the integrated virus genome was 
probably not expressed, and no virus spread occurred, during 
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Table 1 Relative concentration of M-MuLV-specific RNA in organs 
of mouse 158 and in Mov- and Mov-3 mice 


Organ tested Mouse 158 Mov-1 Mov-3 
Spleen 300 250 300 
Kidney 70 1 10 
Liver 15 1 4 
Brain 16 0.5 5 
Muscle 1,500 0.5 25 
Testis 125 NT 10 
Lung 250 5 50 


M-MuLV-specific RNA sequences were quantified from reassocia- 
tion kinetics as described in Fig. 1 legend. M-MuLV -specific RNA 
concentration is given as a relative concentration to the RNA concen- 
tration in livers of newborn Mov-1 mice, which was set as 1 (cor- 
responding to a 1/2 C,: of 15,000)®, The values for Mov-1 mice are 
taken from previous publications". NT, not tested. 


early embryogenesis. This is indicated by the presence of only 
one viral copy per diploid mouse genome equivalent at a single 
site (=24-kb EcoRI fragment) in all tissues of the animal. If virus 
replication had occurred during subsequent embryonal 
development, followed by further virus integration into the 
DNA of different blastomeres, additional viral fragments should 
have been present in submolar concentrations indicating 
somatic mosaicism. Mosaicism has been demonstrated invari- 
ably in animals derived from M-MuLV-infected 4-30-cell 
embryos*”. However, the integrated genome was expressed 
during later developments in a tissue-specific manner, which was 
different from M-MuLV expression in Mov-3 mice (Table 1). 
This supports the hypothesis that the chromosomal position at 
which a viral genome is integrated influences its expression 
during development and differentiation*”. 

It was recently claimed that recombinant DNA microinjected 
into mouse zygotes persisted in later embryos. The data, 
however, were difficult to interpret with respect to the structure 
and origin of the recombinant DNA found in the newborns”. 
We find a general problem in such experiments—the possibility 
of plasmid contamination. The use of the enzyme BclI, which is 
sensitive to methylation in adenine, indicated clearly that the 
M-MuLV-specific sequences observed in mouse 158 originated 
from chromosomal sequences and did not result from laboratory 
contamination with DNA of prokaryotic origin (Fig. 2B). 

The most efficient way to insert new genetic information into 
the germ line seems to be introduction of genes into early 
embryos*”*. An unresolved problem of this approach for ‘gene 
therapy’ is in predicting the expression of the inserted gene in a 
given tissue, and this may only be possible by understanding the 
molecular mechanisms that determine expression and integra- 
tion of DNA in the injected embryo. 
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We have determined the 8,332-nucleotide structure of the genome of Moloney murine leukaemia virus. The coding frame 


for the gag gene is the same as that for pol, separated only by a single amber triplet. The pol gene encodes 132, 000 daltons of : 
protein, larger than the 70,000 daltons required for the reverse transcriptase. The env gene overlaps the pol gene. | 





RETROVIRUSES have long been implicated in the aetiology of 
various types of neoplasia. Moloney murine leukaemia virus 
(Mo-MuLV) is a prototype mammalian type C virus originally 
isolated from a sarcoma passaged in BALB/c mice’. Injection of 
Mo-MuLV into newborn mice results in virtually all the mice 
developing a. generalized lymphocytic leukaemia within 3 
months’. Mo-MuLV differs from the more rapidly acting, 
defective, leukaemogenic and sarcomagenic retroviruses in that 
it possesses a full complement of genes and is capable of 
autonomous replication. Essential to the understanding of the 
mechanism(s) by which Mo-MuL V can induce leukaemia is the 
elucidation of its genetic structure, gene products and gene 
functions. 

After infection, the viral RNA genome is reverse transcribed 
to produce a double-stranded DNA copy which can integrate 
into the host chromosome to form the provirus. In outline, the 
structure of the Mo-MuLvV provirus is 5'-long terminal repeat 
(LTR)-gag-pol-env-LTR-3' (Fig. 1; see refs 2,3, for review). 
The provirus is transcribed to produce the plus-strand, genomic 
RNA*. The genes, gene order and gene products have been 
determined by a combination of biochemical, genetic and 
immunological methods (for review see ref. 5). The precise 
structure of the Mo-MuLV LTRs has been deduced from the 
nucleotide sequences of the ends of Mo-MuLV cDNA‘, Mo- 
MuLV provirus’ and provirus of the related Moloney murine 
sarcoma virus’. We now report the nucleotide sequence of a 
full-length clone of Mo-MuL V, the analysis of which allows us to 
define the complete genetic structure of Mo-MuLV. 


General features of the sequence | 
Figure 2 presents the DNA sequence of plasmid pMLV-1 that 
corresponds to the viral genome—that is, the plus or sense 
strand of viral RNA. The base designated number 1 represents 
the 5" end of the genome and has been identified as the methyl- 
ated base to which the 5’ cap (“meGppp) is added’. The 3' end of 
the viral RNA is polyadenylated'’. The precise nucleotide to 
which the poly(A) tail is added is unknown, but we assign the 
dinucleotide CA at positions 8,331-8,332 as the poly(A) addi- 
tion site because: (1) the dinucleotide CA is the preferred 
poly(A) addition site'’, (2) this dinucleotide is 15 residues from 
the poly(A) addition signal (AATAAA) at positions 8,311- 
8,316, the preferred distance'’, and (3) the dinucleotide is 3’ to 
the RNase T, oligonucleotide mapped as the most 3’-proximal 
oligonucleotide’*. These assignments define the virus-encoded 
genome as having 8,332 nucleotides. The 5’ cap and 3’ poly(A) 
tail are in addition to the 8,332 nucleotides. 
The ends of the viral genome have key roles in virus repli- 
cation and integration*’. As their structures have been 





described in detail elsewhere’*'*, we will simply point out these 


structural features in the context of their biological roles: After — 
infection, reverse transcription of the Mo-MuLV genome shown _ 
in Fig. 2 would produce an 8,858-base pair long DNA copy of © 
the genome in which the 594 bases at either end are identical, 
These long terminal repeats (LTRs) are the by-product of the 
mechanism of reverse transcription. Their precise structure 
results from the relative positions of the origins of replication to 
the terminally redundant RNA sequence that is required for the 
‘strong-stop’ DNA molecule to be able to jump to the 3’ end of 
the template and complete DNA synthesis. The LTR structure is 
represented by convention as U3-R-Us (refs 2, 3). The U, region 
contains bases uniquely present at the 3’ end of the viral genome 
(7,816-8,264) and corresponds to those bases between the 
origin of (+)strand DNA synthesis and the terminally redundant 
RNA sequence. The R region sequence appears once at the 3’. 
end (8,265-8,332) and once at the 5° end (1~68) of the viral 
genome and supplies the redundancy necessary for the jump 
during reverse transcription’*’*""*. The Us region. contains 
bases uniquely found at the 5’ end of the genome (69-145) and 
corresponds to those nucleotides between the origin of 
(—)strand DNA synthesis (that is, tRNA’ primer binding site 
146-163) and the repeated sequence iR). 

The double-stranded DNA copy of the genome (LTR-gag- 
pol-env-LTR) is transported to the nucleus where at least part of 
it is converted to closed circular molecules’’. It is not known. 
whether it is the circular or linear form that can integrate into the _ 
host chromosome to generate a provirus”’*'. The integrated _ 
proviral structure is nearly identical to that of the linear mole- 
cule (cell DNA-LTR-gag-pol-env-LTR-cell DNA) except it has : 
lost two bases from each end. of the linear molecule? +7777. 
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Fig. 1 Structure of Mo-MuLV provirus and genomic RNA. The origins of 
plus (oss) and minus ((RNA**)- strand DNA senthesis are indicated on the 
genomic RNA, as well as the structural features of LTR. Prose% and 
Pr180***' are translated from a 35S mRNA and Pr80°" from a spliced, 
21S mRNA. The mature protein species of the three primary polyproteins 
are indicated (RT is reverse transcriptase, the question mark indicates that 
other pol products are likely but as of yet uncharacterized). The env gene 
overlaps the 3’ end of the po! gene. 
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Hence, the provirus is 8,854 base pairs (bp) long. As the linear by a single amber codon (Fig. 2). The first ATG triplet within this 


molecule and the LTRs have structures analogous to those of 
transposable genetic elements’*’*???? and as integration 


produces a 4-6-bp duplication of the host sequences at the 


insertion site®'4??3, integration is thought to occur by a . 


mechanism similar to that used by transposable genetic elements 
(see ref. 24 for review). Hence, by analogy, we assume that the 
13-base long inverted repeats which flank the LTRs (bases 
7,816-7,828 in the U, region and 133-145 in the Us region) 
have a key structural role in the integration process. 

Transcription of the provirus, which is initiated in the 5S'LTR 
and terminated in the 3'LTR, generates the viral mRNAs and 
the genomic RNA. As such, the LTRs contain the signals 
necessary for transcription of the provirus. Three sequences 
characteristic of eukaryotic transcription initiation signals are 
found at approximately -70, —25 and +8 bases relative to the 5’ 
end of the mRNA”. A match to each paradigm sequence is 
present in the appropriate place in the LTR: the sequence 
CCAAT at -81 to —77 (in the U, region, thus at 8,184-8,188 in 
the genome) is a 5/5 match with the paradigm CCAAT; the 
sequence AATAAAAG at —30 to —23 (U3, 8,235-8,242 in the 
genome) is a 5/8 match with the Hogness-Goldberg box, 
TATAAATA,; and the sequence CCTCCG at +9 to +14 (R 
region) is a 5/6 match with the consensus sequence CTTYYG. 
The 3' end of the mRNA molecule was assigned such that the 
poly(A) addition signal sequence (AATAAA) was 17-22 
nucleotides upstream. As this sequence is in the R region of the 
LTR, it occurs both at positions 8,311-8,316 at the 3’ end and at 
47-52 at the 5’ end of the genome. As expected for such a large 
structure, these several consensus sequences are also present in 
other regions of the genome. We have not assigned any biologi- 
cal role to these scattered matches to the concensus sequences. 

The LTR in this clone of Mo-MuLV contains a 75-base 
tandem duplication; that is, in the U, region bases 7,933-8,007 
are repeated at positions 8,008-8,082. A similar duplication of 
73 bp is seen in the U; region of the LTR of Moloney sarcoma 
virus’, but only one copy of this duplicated sequence is seen in 
the LTRs of a clone of integrated Mo-MuLV’ and a cDNA clone 
of Mo-MuLV°. The single copy in the latter two clones is flanked 
by 10-base direct repeats. The tandem duplication found in the 
present sequence has three copies of this direct repeat at 7,923- 
7,932, 7,998-8,007 and 8,073-8,082. The positions of the 
direct repeats with respect to the single copy and tandemly 
duplicated sequences suggest that the tandem duplication arose 
by an unequal crossing-over event involving two LTRs with 
single copies of the sequence. If such a mechanism is involved, 
this portion of the U, region may be a rapidly changing part of 
the LTR. 

On the (+)strand of the RNA we find three long open triplet 
reading frames and three short open reading frames of 100-120 
triplets. The (—)strand has no long open reading frames and 
eight short open reading frames of 100-145 triplets. The short 
open reading frames on both strands.seem to be scattered 
randomly throughout the genome and none contains a candidate 
initiator ATG triplet near the 5’ end of the open frame, thereby 
suggesting the short open reading frames may have no biological 
significance. The long open reading frames correspond to the 
gag gene (291-2,234), the pol gene (2,238-5,834) and the env 
gene (5,771-7,771) and are translated above the nucleotide 
sequence in Fig. 2. 


The gag polyprotein 

The gag (group specific antigen) gene of Mo-MuLV encodes a 
precursor polyprotein (Pr65°**) of 65,000 daltons (based on 
SDS-gel mobility) which is cleaved into the four internal struc- 
tural proteins of the virion™®. The four proteins have been 
designated p30, p15, p12.and p10 based on gel mobilities”, and 
their order along the gag polyprotein is N-p15-p12-p30-p10-C 
(refs 26-30). The gag gene has been mapped as the most 
5'-proximal gene”. In this region, our sequence predicts an 
open reading frame at positions 291-2,234 which is terminated 
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frame is at positions 621-623 and the use of this triplet as an 
initiator codon would produce a 538-amino acid polyprotein. 
Comparison of the predicted protein sequence with the avail- 


able amino acid sequence data on the gag polyprotein and the 
individual gag proteins (ref. 31 and L. Henderson, T. Copeland 


and S. Oroszlan, personal communication) allowed positive 
identification of the predicted protein as the gag polyprotein. 

For most eukaryotic mRNAs, translation is initiated at the 
ATG triplet nearest the 5' cap*’. There are three ATG triplets 
between the 5’ end of the RNA and our postulated initiator 
codon for the gag polyprotein. Each of the three triplets is 
followed closely by an in-frame termination triplet. Hence, 
completion of translation of the gag polyprotein initiated at any 
of these ATG triplets would require a splicing event. Alter- 
natively, a splicing event may remove these triplets. The 
sequence AGGTAAG at 204-210 is a 7/7 match with the 
consensus 5' donor splice sequence compiled by Sharp”. Joining 
this donor splice sequence to a possible 3’ splice acceptor at 
560-568 (6/7 match with consensus acceptor sequence???) would 
remove the three ATG triplets and leave the ATG triplet at 
621-623 as the most 5’-proximal ATG triplet on the mRNA. 
Thus, this splice would generate a 35S mRNA molecule with the 


Fig. 2 (opposite} The sequence of a genomic clone of Mo-MuLV (pMLV- 
1) is presented as the sense (+)strand in the DNA form and represents the 
full-length RNA genome of 8,332 bases. The three long open reading frames 
are translated above the nucleotide sequence and their terminator triplets 
designated by asterisks. The known boundaries of the mature proteins are 
indicated by arrows. Features discussed explicitly in the text are underlined 
and they are (5’ to 3’): the terminal redundancy (R), Us, the inverted repeat 
correlated with transposition tRNA?” primer binding site, a 5‘ splice donor 
sequence, a possible 3' splice acceptor sequence for 358 mRNA, putative 3’ 
splice acceptor sequence for the 21S mRNA, glycosylation sites of gp70, U,, 
the inverted repeat and the terminal redundancy (R). The sequence presen- 
ted here differs from the preliminary sequence distributed at the Cold Spring 
Harbor Tumor Virus meeting of May 1981, at positions 758, 893, 1,120, 
1,168, 1,368, 1,868, 1,870, 1,922, 1,993, 2,018, 3,712, 4,306 and 7,970. 
Most differences were clerical errors and some were in regions that had been 
sequenced only once at that time. The protein sequence data of Oroszlan and 
colleagues presented at this meeting alerted us to possible compression 
artefacts in these regions and subsequent sequence determinations were 
carried out in conditions that minimized such artefacts. C. van Beveren’s 
nucleic acid sequence data alerted us to two of the early errors. The 
construction and preliminary characteristics of the plasmid pMLV-1 have 
been described previously’. Briefly, closed circular DNA molecules were 
isolated from clone 4A-infected NIH 3T3 cells, digested with the HindIII 
restriction enzyme (the Mo-MuLV genome has a single HindIII site) and 
cloned in Hindill-digested A phage Charon 21A. The full-length genomic 
insert was subcloned from A MLV-1 into the single HindIII site of pBR322 
to generate pMLV-1. The 3' third (bases 4,895-8,332) of the insert is 
infectious; that is, a recombinant molecule with the 5‘ two-thirds derived 
from a clone of integrated Mo-MuLV and the 3’ third derived from the 
genomic clone can transfect NIH 3T3 cells and produce infectious Moloney 
virus’. The 5’ two-thirds of the pMLV-1 insert have not been shown to be 
infectious. However, comparison of our sequence with the 3’ two-thirds of 
the AKV sequence (W. Herr, personal communication) and with the avail- 
able protein sequence data revealed that the gag, pol and env genes seem to 
be biologically correct. This reduces the region responsible for non- 
infectivity to the 5’ copy of the long terminal repeat or to the first 600 bases of 
the RNA genome. We cannot explain the lack of infectivity of this cloned _ 
DNA, We determined the sequence of many of its restriction fragments by 
the partial chemical degradation technique. Our strategy involved 
sequencing all fragments except those which were clearly from within the 
vector and we later eliminated the vector sequences which were un- 
intentionally obtained by a comparison with the pBR322 nucleotide 
sequence”, The strategy was brute force until the few final regions, at which _ 
time we selected restriction fragments for sequence analysis, We assembled 
the fragments using the following strategy to optimize the accuracy of the 
final sequence. All autoradiographs were read independently by at least two 
of the authors, thereby minimizing ‘reading’ errors. All bases were seen on at 
least two independently generated sequence ladders, thus. lessening the 
likelihood of gel and sequence chemistry artefacts. 95% of the final 
sequence was determined for both strands of the duplex DNA, thereby 
minimizing sequence-specific artefacts such as compressions. The sequences 
across all restriction enzyme cleavage sites were determined, thus eliminat- 
ing the possibility that we would inadvertently introduce a deletion in the 
final sequence. However, as the viral genome was cloned in the HindIII site 
of pBR322, it was not possible to determine the sequence across the single 
Hindlll site as it appears in the Mo-MuLV genome; however, because avery — 
large, biologically correct, open reading frame extends across this site, we 
believe that our sequence is not lacking any bases in this region. The final . 
sequence was extensively proofread for clerical errors, and as a final check, 
the printed sequence was compared directly with the primary data present on 
the autoradiographs. 
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proper structure to initiate synthesis of the gag polyprotein at 
the methionine codon at 621-623. Furthermore, such a splicing 
: event may be involved in differentiating the two pools of 35S 
viral RNA found in celis—those found on polyribosomes from 
those: packaged into virions”. 

. Occasionally a larger, glycosylated form of the gag poly- 
protein is found on the surface of infected cells***’ which has 
4,000 to 6,000 daltons of additional peptide at its amino 
termin . Such a protein could be generated by splicing one 
of the ATG triplets at 254-256, 266-268 or 463—465 into the 
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gag gene open reading frame (291-2,234) before the postulated 
initiator ATG triplet for the unglycosylated gag polyprotein at 
621-623. Note that the protein sequence translated from the 
nucleotide sequence of the gag gene open reading frame from 
bases 291 to 620 has several portions with similar features to the 
signal sequences of membrane proteins*’*7—a stretch of 
uncharged, mainly hydrophobic amino acids flanked by charged 
amino acids. Such a signal sequence might be involved in 
directing these gag polyproteins. to the cell membrane. 


However, we find no compelling evidence in the nucleotide 
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sequence enabling us to predict the precise structure of a spliced 
RNA from which the glycosylated gag protein could be trans- 
lated. Glycosylation involves attaching two high-mannose oli- 
gosaccharides to this larger gag polyprotein®”*°. One is attached 
near the amino terminus***°, probably at the glycosylation site 
(Asn-X-Thr/Ser) encoded by bases 693-701 of the genome; the 
other is attached in the p30 region of the polyprotein and we find 
four possible glycosylation sites in this region of the predicted 
sequence. By analogy to Rauscher murine leukaemia virus 
glycosylated gag polyprotein*’, the glycosylation site encoded 
by bases 1,794-1,802 of the genome is probably glycosylated. 
Presumably, glycosylation of some gag molecules and not others 
is a consequence of whether a signal sequence directs the 
particular ribosome to the endoplasmic reticulum. 

Comparison of the predicted gag polyprotein sequence with 
the known amino and carboxy termini of the gag proteins” 
revealed that the three cleavages required to produce the gag 
proteins are conservative. That is, in the primary sequence of the 
gag polypeptide, the carboxy-terminal amino acid of one pro- 
tein is adjacent to the amino-terminal amino acid of the next 
protein. The precise sequence around each cleavage site appears 
unique (Fig. 3). However, two cleavages (p15-p12, p12—p30) 
are of the form aromatic amino acid—proline. The third cleavage 
(p30—p10) is within a short run of hydrophobic residues. The 
carboxy terminus of the predicted gag polyprotein is four amino 
acids longer than the carboxy terminus of p10, thus indicating 
that this region of the gag polyprotein also undergoes proteoly- 
tic processing. This site is similar to the p30—p10 cleavage site. 

The individual gag proteins were named according to their 
apparent molecular weights on SDS-polyacrylamide gels”. 
Their actual sizes can be determined from the predicted primary 
sequence of the gag polyprotein and the known cleavage sites. 
p15 has 131 amino acids (14,400 daltons), p12 has 84 amino 
acids (9,200 daltons), p30 has 263 amino acids (28,900 daltons) 
and p10 has 56 amino acids (6,160 daltons), The predicted 
protein sequences of the individual gag proteins are consistent 
with their biological roles****. For example, the predicted 
sequence of the histone-like protein p10 is rich in arginine and 
lysine residues (14 of 56 residues). The major structural protein 
of the core shell p30 has two notable features. First, the number 
of basic residues is about equal to the number of acidic residues; 
possibly, salt bridges are involved in the stability of the core 
structure. Second, there is a sequence near the C-terminus of 
p30 that seems to have been tandemly duplicated. Although the 
nucleotide sequences are not obvious duplications, the amino 
acid sequences are quite conserved—Glu-Glu-Arg-Glu-Glu- 
Arg-Ile-Arg-Arg and Glu-Glu-Lys-Glu-Glu-Arg-Arg-Arg. 
The two differences are a Lys for an Arg and the insertion of an 
Ile residue. Possibly the nucleotide sequence was duplicated and 
subsequent genetic drift has blurred out evidence of the dupli- 
cation at the nucleotide sequence level but not at the protein 
sequence level. 
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Fig.3 The amino acid sequences around the processing sites in the gag and 
env polyproteins. The cleavage sites in the gag polyprotein were identified 
by comparing the predicted polyprotein sequence with the known amino- 
and carboxy-terminal amino acid sequences of the mature proteins’. The 
sites in the env polyprotein were determined similarly except that the 
C-terminus of Mo-MuLV gp70 has not been assigned. 


The pol gene 


The pol reading frame extends from positions 2,238 to 5,834 
and is terminated by an ochre triplet. It is expressed as an 
180,000-dalton protein (Pr180***"”) that contains both gag and 
pol information****. The ratio of Pr180***?” to the gag poly- 
protein Pr65** in infected cells is between 1: 100 and 1:10 (refs 
46, 47). In the two models proposed to account for the structure 
and expression of Pri80***’" (refs 46, 48), protein synthesis 
begins at the same initiator ATG triplet as for the gag poly- 
protein and proceeds through the gag coding region to the 
amber triplet that terminates the gag polyprotein. Both models 
then use an inefficient method of bypassing the terminator 
triplet to allow translation of the pol open reading frame and 
produce the appropriate ratio of Pr180°**"” to Pr65***, The first 
model involves suppression or readthrough of the terminator 
triplet and the second involves removal of the terminator triplet 
by an RNA splicing event. 

The reading frames for the gag and pol genes are the same and 
are separated only by the single amber triplet that terminates the 
gag polyprotein (Fig. 4). Thus, suppression or readthrough of 
the amber triplet could generate Pr180**””. Indeed, the addi- 
tion of an amber suppressor tRNA to a system that translates 
Mo-MuLV 35S RNA in vitro results in a decrease in intensity of 
the band identified as the gag polyprotein and a corresponding 
increase in an 180,000 dalton band containing gag and pol 
antigenic determinants*”’. Hence, the relatively low amounts 
of Pr180***?" found in infected cells could be due to the 
inefficient suppression of the amber triplet, possibly by a 
suppressor tRNA that is normally present at low levels in the 
cell. Alternatively, the amber terminator may be slightly leaky 
and as such readthrough could produce Pri80**’*. The pro- 
karyotic RNA bacteriophage Q8 apparently uses a leaky UGA 
triplet to regulate the relative levels of its coat proteins”’. 

The second model involves removal of the terminator triplet 
for the gag polyprotein from the message by an RNA processing 
event. The RNA in the region of the gag polyprotein terminator 
might assume the secondary structure presented in Fig. 4. Sucha 
stem-and-loop structure is reminiscent of the secondary struc- 
tures seen at yeast tRNA processing sites”. Hence, an enzyme 
with specificity similar to that of a tRNA processing enzyme 
might recognize this structure as a substrate, cleave it and ligate 
the newly generated ends of the mRNA together. This process 
would remove the terminator triplet and could generate the 
large open reading frame necessary to encode Pr180**"™. Such 
a mechanism or a conventional mRNA splicing event is most 
probably involved in the production of the gag.pol polyprotein 
in the avian sarcoma viruses because suppressor tRNA mole- 
cules have no effect on production of the gag.pol polyprotein in 
vitro*®. If such a splicing mechanism is used, it must be inefficient 
to generate the observed ratio of Pr180**"” to Pr65***. As such, 
substrate selection errors by the tRNA processing. enzymes, 
possibly induced by the structural mimickry to tRNA pre- 
cursors, could account for the observed ratio. 

The very large pol reading frame encodes 1,199 triplets or 


~~132,000 daltons of protein. The Mo-MuLvV reverse tran- 


scriptase consists of a single polypeptide chain of about 80,000 
daltons**~**. Therefore, the pol region could encode another 
protein (or proteins) of up to 52,000 daltons. Because no protein 
sequence information is available on Mo-MuLvV reverse tran- 
scriptase, the precise limits of the reverse transcriptase coding 
information remain undefined and hence the structure and size 
of the additional coding capacity are unknown. Furthermore, as 
100,000 daltons of protein are sufficient to encode the pol 
functions in the avian retroviruses*’~*’, the additional coding 
capacity of the Mo-MuLV pol gene is not necessarily involved in 
replication functions. Circumstantial evidence suggests that this 
additional coding capacity might encode a nuclease, by analogy 
to the avian RNA tumor virus system*”*', or a protease involved 
in gag polyprotein cleavage. We are trying to identify the 
various proteins in the same way we identified the carboxy 
terminus of the env polyprotein®**, that is, chemically 
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Fig. 4 The sequence about the gag-pol junction is presented as a linear 

sequence and a- stem-and-loop structure. The C-terminal amino acid 

sequence of Pr65*"* is indicated above the nucleotide sequence and that of 

Pr65*"* and the hypothetical sequence of Pr180***-°* is translated below the 
Poe nucleotide sequence. 
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synthesized peptides that correspond to portions of the predic- 
ted pol protein will be used to raise antibodies and the antibodies 
used to identify which. protein(s) contain the antigenic deter- 
minants encoded by the peptides (reviewed in ref. 65). 


The env. gene 


The env gene product is synthesized by membrane-bound ribo- 
somes and is glycosylated as a nascent chain®™. The glycosylated 
polyprotein (Pr80°") has an apparent molecular weight of 
80,000 on SDS-polyacrylamide gels®*”' and is processed in 
cellular membranes via proteolysis and carbohydrate 
modification to produce gp70, the major envelope glycoprotein, 
p15E, its membrane anchor and a small peptide R whose fate is 
unknown but whose cleavage seems to be involved in virus 
maturation or budding®*****"", (The R peptide does not cor- 
respond to the R region of the LTR.) Their order along the env 
polyprotein is N-gp70-p15E-R-C (refs 6, 72). The env poly- 
protein is translated from a 21S spliced mRNA which contains 
200-600 bases derived from the 5’ end of the genomic RNA and 
2,500-2,800 bases from the.3' end of the genomic RNA”, 
This region of the genome contains one large open reading 
frame, extending from positions 5,771 to 7,771, which we have 
identified as. the coding region for the env polyprotein by 
comparing the protein sequence predicted by this open frame 
with the experimentally determined protein sequences of the 
amino termini of gp70 and p15E (ref. 78 and L. Henderson, T. 
Copeland and S. Oroszlan, ‘personal communication). Splice 
donor and acceptor sequences that could be used to generate the 
21S mRNA are a 5’ splice donor sequence at 204-210 (7/7 
match with consensus acceptor sequence) and a 3’ splice accep- 
tor sequence at 5,493-5,501 (7/7 match with consensus donor 
sequence). As in the case of the gag mRNA, this splicing scheme 
brings the 5' end of the mRNA close to the open reading frame 
and removes all ATG triplets between the 5’ cap of the mRNA 
and the first in-frame ATG triplet. 

The putative initiator ATG triplet for the env polyprotein is at 
positions 5,777-5,779 near the beginning of the open frame. If 


73 
Ho-gp70 cys~-ser-gly-gly~ser~-ser-pro-gly 
73 
AKV-gp70 cys~-ser-gly-ser-ser pro-gly 
Asp-ser-thr 


this ATG triplet is used to initiate the translation of the env — 
polyprotein, the coding regions for the pol protein and the env — 
polyprotein must be in different reading frames and overlap by — 
20 triplets. Interestingly, this ATG triplet has been postulated to - 
be the initiator codon for the src protein of Moloney sarcoma - 
virus”, indicating a possible common route of expression for the 

src protein of Mo-MSV and the env polyprotein of Mo-MuLV, ~ 
Furthermore, as the src gene substitution in Mo-MSV occurs at | 
position 5,793 of the Mo-MuLV genome, the first five amino : 
acids of the predicted src protein would be encoded by the — 
residual 5’ end of the env gene. | 

The env open reading frame encodes 665 amino acids or | 
~73,000 daltons of protein. The sequence of the first 26 amino- 
terminal residues of Mo-MuLV gp70 has been determined {L. 
Henderson, T. Copeland and S. Oroszlan, personal com- 
munication) and the sequence matches the predicted env poly- 
protein sequence beginning at residue 34. Therefore, the env 
polyprotein has a 33-amino acid leader sequence which resem- 
bles the ‘signal sequences’ found on other membrane protein 
precursors****, For example, it contains a string of 11 hydro- 
phobic amino acids that are flanked by positively charged amino 
acids. Because removal of these 33 amino acids from the env 
polyprotein would generate a protein of ~69,000 daltons which 
is consistent with the observed gel mobility (65-68 ,000 daltons) 
of the unglycosylated env polyprotein®”*', the leader sequence 
is probably removed shortly after synthesis. By analogy to signal 
sequences, the function of such a leader sequence may be to 
direct the env polyprotein to the cell membrane and ultimately 
to the cell surface. 

Glycosylation of the env polyprotein involves the addition of 
oligosaccharide chains to the gp70 portion of the nascent poly- 
protein’, The predicted protein sequence of this region 
contains seven possible glycosylation sites of the form Asn-X- 
Thr/Ser. As gp70 molecules isolated from murine retroviruses 
carry six or seven oligosaccharide chains**, most or all of these 
sites are glycosylated. Furthermore, the two high-mannose oli- 
gosaccharides of Mo-MuLV gp70 are reported to be attached 
within the amino-terminal 250 amino acids of the gp70 pro- 
tein®’, thereby indicating that the glycosylation sites at amino 
acid residues 12-14 and 166-168 of gp70 are most probably 
involved in the attachment of these two oligosaccharides. The 
remaining five glycosylation sites are clustered at the C-terminal 
third of the gp70 molecule—within a region that is highly 
conserved between the Mo-MuLV gp70 and the AKV gp70 (W. 
Herr, personal communication) molecules, This region may be 
involved in the interspecies determinants found on the gp 70 
molecules*?**. 

The env polyprotein is cleaved during transit to the cell 
surface to produce gp70 and PriSE ‘ref. 66). This cleavage, 
which is thought to occur in the lumen of the endoplasmic 
reticulum, seems to be generated by a protease with trypsin~like 
specificity, as the amino terminus of Pr15E is immediately 
preceded by a Lys-Arg doublet (Fig, 3). If this cleavage is typical 
of other secretory proteins with similar target sequences, such as 
insulin®’, then at least the two basic residues will be removed 
from the carboxy terminus of gp70. Pr15E is cleaved further to 
P15E and the R peptide at about the time of virus budding. This 
cleavage is within a sequence (Ala~-Leu—Val-Lew) (A. Schultz, 
T. Copeland, L. Henderson, S. Oroszlan, personal com- 





256 
ser-pro-ser-val-thr-lys-pro-pro-ser-gly-tħhr-pro 


258 


ser-pro-{ )-pro-pro-serwglu-thr-pro 


asn~ser-thr-pro-thr 


Fig. 5 Two regions of the Moloney gp70 sequence are aligned with the AKV-gp70 sequence (W. Herr and V. Corbin, personal communication), The numbers 
represent amino acid position in the protein chain, the parentheses indicate amino acids missing from AKV but present in Moloney gp70. 
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munication) that is similar to the sequences surrounding the 
cleavage sites in the gag polyprotein, thereby indicating a 
similar protease may be involved in the two cleavages. Perhaps 
R is cleaved in immature virions by the Pr65*"* protease coor- 
dinately with the gag polyprotein cleavage. Interestingly, the R 
amino acid sequence contains two differences with the R 
sequence obtained from a different Moloney clone°, perhaps 
indicating that this region undergoes rapid variation. 

The two major cleavage products of the env polyprotein, gp70 
and p15E, are disulphide linked®. Because the gp70 molecule 
contains 20 cysteine residues and the p1 5E molecule 4 cysteines, 
it is not possible to predict which cysteine residues are actually 
involved in the disulphide bonds; however, it is tempting to infer 
that the cysteines at amino acid residues 72, 73 and 81 of gp70 
interact with the cysteines at amino acid residues 86, 93 and 94 
of p15E because both regions have the structure Cys-X, or 
,-Cys-Cys. Both gp70 and p15E contain more than one stretch 
of uncharged predominantly hydrophobic amino acids which 
could span the cell or virus membrane. 

The gp70 molecule is largely responsible for determining the 
host range of murine retroviruses and is highly polymorphic***’. 
The polymorphism is thought not only to reflect different viral 
strains but also somatic recombination, especially during the 
genesis of thymic neoplasias*’~°’. Also, various differentiated 
immune lymphoid epithelial tissues express gp70 in the absence 
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of other viral proteins, suggesting that gp70 is a gene product of 
mouse not exclusively related to retroviruses’, perhaps 
involved in recognition. When we compared the gp70 sequence 
data of W. Herr and V. Corbin (unpublished) for murine retro- 
virus AKV with our Mo-MuLV sequence, we found that the 
AKV and Mo-MuLV gp70 sequences were colinear with 
occasional single amino acid substitutions, with two exceptions. 
These were two sites at which AKV gp70 had amino acid 
insertions relative to Mo-MuLV. At one of these sites Mo- 
MuLV gp70 had an insertion relative to AKV as well (shown in 
Fig. 5). Some of the gp70 polymorphism may be accounted for 
by variations at these two sites. Possibly they are hot spots for 
recombination or somatic mutation. Structural analysis of more 
gp70 proteins will be enlightening. 
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During a survey of the galactic plane at a frequency 0.610 GHz, 
Hughes ef al. discovered a new supernova remnant (SNR 
G109.1—1.0) which had already been detected as a radio source 
(CTB109) at 960 MHz by Wilson and Bolton’. Optical obser- 
vations by Hughes ef al. reveal filamentary structures, and a 
large [St1]/Ha@ characteristic of SNRs has been measured by 
Blair and Kirschner’. Gregory and Fahlman*, using the Einstein 
X-ray Observatory, found at the position of the SNR an extra- 
ordinary new X-ray source. Their X-ray picture shows a clear 
semicircular arc with an angular diameter of 36 arc min which 
seems to be the outer shell of the SNR. Emerging from the east 
side of the central X-ray source GF2259+586 is a jet-like 
structure which curves northwards in another continuous arc 
smoothly joining the outer shell. From a number of common 
apparent features Gregory and Fahiman‘ suspect another object 
of the same class as SS433. Here we report recent observations 
of the complex Sh2 — 147/Sh2 — 153 (see ref. 5) in the molecular 
line “CO (J=1-+0) carried out with the newly developed 
POM telescope of the Bordeaux Observatory. Our results are 
compared with those of Israel‘ in ‘*CO. Several lines of evidence 
point to a physical association of SNR G109.1—1.0 and the 
X-ray source GF2259+586 with the molecular cloud of 
Sh2— 152, as it has already been observed, for example, for 
1C443 and the Cygnus Loop’. 

The millimetre wavelength observations were made in 
December 1980 and January and February 1981 with the 2.5-m 
antenna at the Bordeaux Observatory*. The “CO (J =1+0) 
line (110.20137 GHz) was observed. Half-power beamwidth 
was Sarcmin and single-side band noise temperature 
~1,000 K including atmospheric losses and emission. The 
receiver back end is composed of 256 channels, 100 kHz wide 
(0.27 kms‘ velocity resolution). Frequency switching by 
5 MHz was used. '*CO emission was observed at positions on a 
grid with a one-beamwidth spacing. The map of peak CO 
equivalent brightness temperature (TX) displayed in Fig. 1 
shows close similarity with the CO map of Israel? obtained at a 
lower resolution. The molecular cloud presents an elongated 
structure of about 1° long, corresponding to a linear dimension 
of 60 pc, if a distance of 3.5 kpc is assumed’. A low-brightness 
extension (6) is detected north of the compact X-ray source. The 
two main maxima («æ and £) are clearly associated with the H 11 
regions Sh2— 152/153 and Sh2— 148/149. The line velocities 
range from —54 kms ‘at the SW end of the cloud to —49 km s~’ 
at the NE end (—47 kms" for the small cloud 40 are min north 
of Sh2—152). The linewidths are moderately large (2.5- 
4.5kms~'). A more detailed observational study of the cloud, 
including observations of other molecules, will be reported 
elsewhere. 

We evaluated '*CO column densities, using model cal- 
culations by Lucas’’, and estimated the kinetic temperatures 
(T,,) from the '*CO line intensities (as ‘*CO lines are strong over 
most of the cloud, we may assume that the '*CO lines are 
thermalized). At the position of Sh2— 152/153, Dickinson et 
al." found a brightness temperature maximum of 20K. We have 
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assumed T, = 20K at this position and T, = 10K in the rest of the 
cloud. In the direction of Sh2—152 we find N('*CO)= 
3.6 x 10°% cm~? for ny, = 10° cm™’, anc 4.6 x 10"° cm™ for ny, = 
10*cm~*. Throughout most of the cloud N('*CO) ranges from 
2x10" to 10° cm. 

Assuming a '*CO/H, abundance ratio of 2 x 10° as proposed 
by Dickman’? we may deduce molecular hydrogen column 
densities ranging from 10% to 5x 10° cm ° (~2 10” cm” in 
the direction of Sh2 — 152). The total mass of the cloud may then 
be computed. We find values between 2 10* and 3x 10*x 
(D/3.5 kpc)? Mo. 

Using different empirically determined relationships between 
radio surface brightness and diameter (the 5-D relationship), 
Hughes et al.’ and Gregory and Fahlman* arrive at distances of 
4.7 and 3.6 kpc respectively for the SNR. The distance 3.6 kpc is 
in fairly close agreement with the spectroscopic distance of the 
exciting star of Sh2— 152 deduced by Crampton et al. and 
Pişmiş and Hasse'*. However, distance determinations should 
be treated with caution, as kinematical distances derived for 
Sh2— 152 as well as spectroscopic distances for other Hl 
regions in the complex give different values. From the “CO 
observations we derive a kinematical distance of 4.1 kpc cor- 
responding to Vispg = —50.0 kms’, if we use the rotation curve 
of Blitz et al.**. 

Figure 2 shows the positions of the 0.610-GHz radio map and 
the X-ray picture with respect to the molecular cloud “CO. 
There are two compact radio sources: B at nearly 7.5 arc min 
west to and A at about 10 arc min east to the centre of the radio 
structure. The radio structure is disymmetrical relative to B, and 
its centre is shifted eastwards by 5.7 asc min with respect to the 
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Fig.1 Contours of TX ('*CO, J = 1-0) for the molecular cloud 

Sh2 —147/Sh2—153 observed with the 2.5 m telescope at the 

Bordeaux Observatory. Crosses indicate the H 11 regions. Integra- 

tion time was 15 min and half-power beamwidth 5 arc min. Greek 
letters indicate temperature peaks. 
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a 
Fig. 2 SNR G109.1—1.0 superimposed on the molecular cloud. 
Thin line, contours of the '*CO emission. Heavy line, 0.610 GHz 
radio contours of Hughes et al.', the centre of which is indicated by 
+; the compact radio sources A and B are also known. Dashed 
line, the extension of the X-ray emission. Hatched zone, X-ray jet. 

x, X-ray compact source GF2259 + 586. 


X-ray source GF 2259 + 586. There is also a 1.8 arc min distance 
between the X-ray source and B. The western edge of the radio 
structure is compressed, probably due to the collision between 
the blast waves of the SNR and the molecular cloud, as is its NW 
part near the peak 6. 

The X-ray structure has a larger angular size than both the 
outermost boundaries of the radio structure and the optical 
filaments, in contrast to Cygnus Loop or the younger SNRs Cas 
A and Tycho for which the shell has nearly the same size in the 
X-ray and radio emissions. 

An interesting feature of the X-ray picture is that it lacks 
emission in its western part, where the '*CO emission is strong. 
Is the X-ray emission from the SNR being absorbed by the 
molecular cloud? The optical depth of the cloud for X rays in the 
energy range 0.1-4 keV may be deduced from the work of Ryter 
etal.’®. A low-energy cutoff is present at ~0.35 keV for Nu, = 
10?! cm™, 0.9keV for Ny,=10% m, ~1.5keV for Nm = 
2x 107? cm? (while the interstellar absorption corresponding to 
E(B — V)=0.75 in front of Sh2 — 153 would produce a cutoff at 
0.7 keV). The central regions of the molecular cloud are then 
able to absorb almost all the X rays softer than ~1 keV, while 
the more diffuse parts of the cloud at its eastern edge will have 
radiation harder than 0.2 keV unaffected. 

To go further we need precise information on the spectrum of 
the X-ray emission. If we assume a black body at T = 3x 10°K 
(corresponding to adiabatic expansion at a diameter of 40 pc, 
see Gorenstein and Tucker’’), then most of the X-ray emission 
is below 1 keV, as expected for the X-ray spectrum of older 
SNRs. Then, the part of the X-ray emission lying behind Sh2 — 
152 would be hidden. 

The hypothesis that the X-ray emission has a low-energy 
component likely to be absorbed by the molecular cloud seems 
to be confirmed by the coincidence between the hole-like struc- 
ture of the X-ray picture just north of the eastern jet and the 
low-brightness 6 extension of the molecular cloud. On the other 
hand, the fact that the NE end of the molecular cloud has no 
apparent effect on the X-ray picture suggests that the molecular 
cloud is not effective in the absorption of X rays and that the 
radiation is emitted asymmetrically. 

An earlier study'® indicates that Sh2 — 152 is not polluted by 
the products of nucleosynthesis of the supernova, but this may 
be due to the fact that the supernova explosion is a relatively 


recent event, or perhaps that more quantitative methods are 
required to detect the contamination. 

The various estimates of distance for the SNR, the X-ray 
source, the H I1 region Sh2 — 152 and the molecular cloud are in 
relatively good agreement, but because of the uncertainties of 
distance evaluation in the Perseus arm this cannot be regarded 
as conclusive proof of the association of these objects. The 
compression of 0.610 GHz radio structure at its western border 
adjacent to the molecular cloud, in addition to the apparent 
connection between the molecular peak 6 and the NE radio 
concentration might suggest that the SNR is associated with the 
molecular complex. However, in the absence of observational 
data on the X-ray spectrum it cannot be firmly concluded 
that the dissymmetrical X-ray structure is due to molecular 
absorption. 
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An accurate knowledge of the attenuation to be encountered 
over a vertical path through the atmosphere is vital for 
astronomy, communications and remote sensing in the milli- 
metre region. We report here the results of spectroscopic sky 
emission measurements made at an altitude of 2.4 km from a 
mountain site (Izana) in Tenerife, Canary Islands, and compare 
them with predictions of a monomer water vapour model. An 
excess absorption is found which depends linearly on water 
vapour density with an approximate power law frequency 
dependence of 1.22; this dependence agrees with previous sea 
level measurements’. We propose that line shape error is the 
cause of the excess and suggest a method for correcting 
astronomical observations for atmospheric attenuation and site 
testing. 

The measurements were made as part of the site testing 
programme for the UK Millimetre Wave telescope project. 
Atmospheric emission was measured using a polarizing inter- 
ferometer? with a helium-cooled (1.8K) Ge composite 
bolometer over the range 100—1,000 GHz with a resolution of 
9.6 GHz. Simultaneous measurements of precipitable water 
vapour were made using an IR hygrometer’ calibrated against 
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radio sonde ascents over an extended period*. The measure- 
ments were made with clear skies and a surface temperature of 
22-28 °C during August 1980. Zenith precipitable water vapour 
(PWV) concentrations varied between 4.3 and 14 mm. Atmos- 
pheric emission was converted to opacity using an effective 
atmospheric temperature; full experimental details are given 
elsewhere (ref. 5 and C.C.Z., R. E. Hills and R. W. Barker, in 
preparation). Opacity measurements as a function of the zenith 
angle showed that the assumption of a plane parallel atmosphere 
holds for the site. 

The discrepancy between the measured zenith sky attenua- 
tion in the millimetre window regions and the attenuation 
predicted by existing monomer theory is well known’. Excess 
attenuation has been seen from both sea-level and mountain 
sites in a wide range of conditions”. 

A multilayer computer model was used to compare the 
experimental data with monomer water vapour absorption. The 
model computes the oxygen and monomer water vapour 
attenuation in 30 layers from 2.4 to 74 km and is based on the 
AFGL line parameter tape* and the Gross line shape expres- 
sion’, The attenuation coefficient and line shape equation are as 
outlined by Falcone’®. The computed spectrum is convolved 
with the SINC? function to account for the instrumental resolu- 
tion. 

Two empirical corrections have been used to account for the 
excess attenuation. The first one was obtained by Gaut and 
Reinfenstein'! from laboratory measurements, and has the 


form: 
300\71/ P 
Ak = 1.08107" of == ( t)r -1 
(v) =) 1000)” cm (1) 


where p is the monomer water vapour density in gm™~ 
(1 gm” = 1 mm PWV), » the frequency in GHz, T, the atmos- 
pheric temperature in K and P, the total atmospheric pressure 
in mbar. The excess attenuation, AK, is given in units of cm™’ 
(1 com = 4.34 x 10° dB km™) in accordance with previous 
papers. The second empirical correction was obtained by Rice 
and Ade’ with data for a vertical path through the atmosphere 
from a sea-level site and is given by: 





21 
AK (v) =5.27x107*° A= (=) yi? om! (2) 
A 


A pressure and temperature term has been added to the cor- 
rection as given in ref. 1). The reference temperature (280K) 
and pressure (850 mbar) are for the water vapour scale height of 
the sea-level site used in the original measurements. 
Comparisons between the measured attenuation and the 
model calculations were made at selected frequencies in the 
atmospheric windows up to 407 GHz. The higher-frequency 
windows were opaque over the precipitable water vapour range 
encountered. For each frequency, the predicted model attenua- 
tion was calculated with the Gross line shape alone, and with 
each of the above empirical corrections. Figure 1 compares the 
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Fig. 1 Atmospheric attenuation as a function of 

water vapour for : a, 212 GHz; b, 287 GHz. The dashed line is 
fitted to the measured values. The lower solid Hne is the basic 
model with the Gross line shape only. The middle solid line is the 
model with the Rice and Ade’ empirical correction. The upper 
solid line is the model with the Gaut and Reifenstein’’ correction. 


attenuation with the precipitable water vapour at 212 and 
287 GHz. The frequencies of 230 and 344 GHz were included 
because of their close proximity to molecular transitions of 
astronomical interest and are shown in Fig. 2. The values shown 
include the attenuation due to oxygen. Table 1 gives the exact 
frequencies and the experimental error of the mean attenuation 
for water vapour only. The predicted oxygen attenuation (Table 
1, column 4) has been subtracted from the measured values. The 
experimental error involved with individual precipitable water 


Table i1 Atmospheric attenuation 


Experiment H20 only 
»(GHz) (Neper mm PWV) (dBmm PWV)  %Error 

212.4 0.0551 0.239 +42.5 
229.63 0.0562 0.244 +2.1 
252.60 0.0647 0.281 +1.6 
287.04 0.0876 0.380 +1.4 
344.45 0.187 0.813 +15 
407,60 0.347 1.507 +3.8 


Model HO 

only + 
Model Model H30 only Gaut and 
Model O4 H,0 only + Rice and Ade Reifenstein'? 

(dB) (dB mm PWV) (dB/mm PWV) (dB mm PWV) 
0.0204 0.125 0.240 0.276 
0.0165 0.127 0.254 0.303 
0.0126 0.154 0.297 0.368 
0.008 0.228 0.394 0.504 
0.008 0.607 0.812 1.002 
0.147 1.202 1.455 1.757 





Altitude, 2.4 km; ambient temperature, 25+3 °C; resolution, 9.6 GHz. 
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vapour measurements is <10%. Figure 3 shows the excess 
between the model and measured atmospheric attenuation for 
water vapour alone, together with the excess predicted by the 
two empirical corrections. The curvature of the empirical excess 
towards 407 GHz is due to a contribution from the sides of the 
atmospheric window, which appears because the empirical 
excess is taken from the model which includes the instrumental 
resolution. 

Figures 1 and 2 show a linear dependence of attenuation on 
water vapour density. Figure 3 shows frequency dependence 
which approximates to a power law of 1.22. The expression of 
Rice and Ade is the better empirical correction for frequencies 
between 200 and 400 GHz. Two explanations for this excess 
have been proposed: that the excess is due to water vapour 
dimer absorption’’, and that the assumptions made about 
collisions in developing the collision-broadened line shape 
expression are not adequate to describe the far wings of a water 
vapour line‘. The linear dependence on water vapour density 
observed here suggests that dimer absorption is not responsible 
for the excess, as a quadratic dependence would be expected. 
Furthermore, a linear pressure term in the Rice and Ade 
correction seems to account adequately for the altitude depen- 
dence. This is consistent with the excess being due to the 
inadequacy of the air-broadened water vapour line shape. 

If the line shape error is the main cause for the excess window 
absorption between model and measured atmospheric attenua- 
tion, a possible explanation is as follows. The water vapour line 
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Fig. 2 Atmospheric attenuation as a function of precipitable 
water vapour for two frequencies of interest in astronomy: A, 
230 GHz; b, 344 GHz. Model attenuation is as for Fig. 1. 
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Fig. 3 The excess between the measured and basic model 
attenuation using the Gross line shape is shown as a dashed line. 
The model excess with the empirical corrections included in the 
model computation are shown by solid lines. The data points are 
taken from Table 1 and are for 1 mm of precipitable water vapour. 


at 555 GHz (18.5 cm™') is stronger by a factor of 60 than any 
line below this frequency. The measured excess attenuation 
below 555 GHz shows a clear departure from a power law and 
could be interpreted as a line shape error of this line. 

Further atmospheric measurements in the high-frequency 
windows should show whether the behaviour of the excess 
attenuation is consistent with our explanation. If line shape error 
is the cause of the excess, an empiricial line shape can be used in 
a model to give the attenuation from a measurement of the 
precipitable water vapour in clear sky conditions, A water 
vapour meter based on a heterodyne radiometer is most suitable 
for such work. By using the emission on the side of 183.3-GHz 
water line, precipitable water vapour measurements can be 
made at any zenith angle during the day or night. This method 
can be used to correct astronomical observations for atmos- 
pheric absorption by measuring the precipitable water vapour 
over the slant path determined by the telescope zenith angle and 
direction. It has the advantages of not being affected by short- 
term variability, unlike existing methods, and gives attenuation 
in all atmospheric windows simultaneously. 

We thank H. Martin who developed the atmospheric model 
computer program and R. E. Hills for helpful discussions. 
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unlight on air polluted with organic compounds 
and nitrogen oxides leads to a very complex mixture of reaction 
products'”. Peroxyacetyl nitrate (PAN) seems to be the most 
useful indicator of photochemically polluted air? and was 
monitored during the summer of 1980 at Risg, a rural area, in 
Denmark and in Goteborg in Sweden (Fig. 1). These measure- 
ments seem to be the most northerly (56-58 °N) observations of 
PAN ever made. The long-range transport of ozone and of 
visibility-reducing aerosols has been observed on several 
occasions’ “*, In southern Scandinavia this is called a ‘white 
episode”, The measurements reported here reveal that high 
PAN levels occur during this type of episode. The comparison of 
these levels with those observed in optimal conditions for 
formation of PAN from local sources indicated that long-range 
transport contributes substantially to the presence of PAN in 
southern Scandinavia. 

The atmospheric concentration of PAN was determined by 
electron capture gas chromatography™*, The experimental 
details will be described elsewhere’’. Figure 1 shows a survey of 
the available data of other relevant species, and the positions of 
monitoring sites and meterological stations. 

PAN was monitored throughout the working day for 44 days 
between 11 June and 23 September 1980 at Risg. The average 
of the daily maximum levels was 0.9+ 0.2 p.p.b. (parts per 10°) 
(2 0). At the site in central Göteborg, the PAN concentrations 
were determined every hour between 17 July and 9 September 
1980, except for 97h. The average daily maximum level was 
0.8+ 0,2 p.p.b. Despite the distance between the two monitor- 
ing sites (230 km) and the great difference in the geographical 
surroundings, the PAN levels were close to each other and a 
significant correlation between the daily maximum levels was 
attained (r = 0.72; p <0,001), 

To evaluate the long-range transport component, the contri- 
butions from local sources must be established. Even on sunny 
days, air masses originating from central Russia and arriving at 
the Swedish west coast contain typically <70 p.p.b. ozone and 
low concentrations of particles'*. Furthermore, the visibility 
range is high, suggesting low amounts of transported photo- 
chemical air pollutants. The position of Risg in relation to that of 
Copenhagen and Malmé, therefore presented an opportunity to 
observe PAN formation in the plume from a large city without 
serious interference of long-range transported photochemically 
polluted air. In fact, the distances from the two cities to Risø 
seem to be optimal for observing maximum PAN formation’. 
Two clear cases with high solar irradiation occurred. On 28 July 
and 30 July, the maximum PAN levels were 0.8 p.p.b. and 
0.7 p.p.b. respectively (Table 1). The measuring site in Göte- 
borg enabled another type of PAN episode to be observed from 
local sources. On two subsequent days, 13 and 14 August, a 
typical land/sea breeze situation with high solar irradiation 
occurred. On the first day, the maximum levels of PAN and 
ozone in Goteborg, and ozone in Rérvik were 1.0, 51 and 
56 p.p.b. respectively. During the night, the ground-level 
concentrations decreased to the detection limits (PAN, 
0.1 p.p.b.; ozone, ~5 p.p.b.). On the second day the concen- 
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Fig. 1 Map of Denmark and west Sweden (inset: Göteborg) 

showing the positions of the monitoring sites and the meterological 

stations (1), (2), (4) and (5). (1) and (3), monitoring of PAN. (2) and 

(4), monitoring of ozone, size-fractionated aerosols and “nitrogen 

dioxide” (the sum of NO2, PAN, organic nitrites and organic 
nitrates). 


trations increased to 1.7, 60 and 73 p.p.b. respectively. We 
conclude, therefore, that local sources may be able to build up 
substantial amounts of PAN only in situations with high solar 
irradiation and stagnant or recirculating air masses on 
subsequent days. 

All cases with PAN levels exceeding 1 p.p.b. in Göteborg 
occurred during 13 August~9 September. The data from this 
period were, therefore, analysed more thoroughly to assess the 
importance of local and mesco-scale formation and transport of 
PAN in relation to that of long-range transport. The diurnal 
variation of the average PAN levels was remarkably small. The 
average afternoon level was 0:62:p.p.b. and the average night- 
time level was 0.50 p.p.b. The production rate of PAN is much 
higher at daytime, and the lack of significant diurnal variation. 
can only be explained if the dominant sources for PAN forma- 
tion were situated more than 200km from Goteborg, The 
wind-vector diagram (Fig. 2) shows that the highest concen- 
trations of PAN are associated with ground-level winds coming 
from the south-west sector. The same pattern was Observed in a 
corresponding diagram based on the directions of the daily air 
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Fig. 2 Wind vector diagram for the average PAN concentrations 

in Goteborg between 13 August~9 September, Numbers in paren- 

theses denote the percentage of cases with the concentrations on 
22 p.p.b. 
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cases representing the optimal conditions for observations of PAN formation from 
local sources oe | | 
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Table 1 Comparison of three long-range transport episodes and 


Visibility 
Max PAN conc. range Mean ozone conc. Mean particle conc. 

(p.p.b) (km) (p.p.b.) 0.4-0.6 pm (no. 17!) 
Type of episode Göteborg Risø Göteborg Göteborg Rörvik Göteborg Rörvik 
Mean (a) a 27 32 44 12,000 13,000 (j) 
Long range (b) 2.8 3.2 7 487 | — 27,0007 31,3007 | 
Long range (c) 3.5 4.2 5} S47 767 30,3007 34,200 
Long range (d) 2.1 1.2 (i) 11 41+ 47 20,2007 _ 27,0007 
Land/sea breeze (e) 1.0 65 40 50 4,800 whi 
Land/sea breeze (f) 1.7 


45 42 62 9,000 8,800 
Transport from Copenhagen (g) 0.8 | Ki 


(a) 17 July-9 September. (b) 28 August 13 MEST-29 August, 19 MEST. (c) 2 September, 22 MEST-4 September, 23 MEST. (d) 6 September, 
5 MEST-9 September, 7 MEST, (e) 13 August, 11-19 MEST. (f) 14 August 12-17 MEST. (g) 28 and 30 J uly. (h) No PAN measurements 6 September, 
14 MEST-8 September, 10 MEST (ozone maximum in Goteborg 8 September, 19-21 MeEsT). (i) No PAN measurements 6 and 7 September. 
(j) 7 August-9 September. 

+ Significantly different from the mean for 17 August~9 September (P< 0.001). MEST, middle European summer time. 


mass trajectories, excluding the few cases with trajectories the concentrations of PAN and airborne particles in Goteborg, 
terminating only a small linear distance from Goteborg. A the flux of photochemically polluted air into the Swedish west 
dominant part of the PAN transported into Goteborg originates, coast and its effect on the visibility range are also borne out. The 
therefore, probably from distant sources in Great Britain and on concentration of PAN in Göteborg correlated with that of ozone 
the central continent. The high correlation between the PAN (r=0.76; P<0.001), aerosols (0.4-0.6 pm) (r=0.73; P< 
levels in Göteborg and those at Risø suggest that this is valid for 0.001) and “nitrogen dioxide’ at Rörvik (r = 0.75; P< 0.001), 
the most of southern Scandinavia. and with the visibility range (r = —0.85; P< 0.001). For the two 
Between 28 August and 9 September, three ‘white episodes’ other episodes (b) and (d) in Table 1), the data revealed similar 
occurred: PAN levels exceeding 2 p.p.b. were observed for four relationships, although episode (d) was only partly characterized 
_days at Risø and for five days in Göteborg. In Table 1 the data due to incomplete PAN measurements. The sources for forma- 
are summarized and compared with the PAN levels in situations tion of the high amounts of PAN are clearly the same as those 
with favourable conditions for PAN formation from local giving ozone and visibility-reducing aerosols during the three 
sources at the two sites. Additional data available at the Gote- episodes. | 
borg site—ozone, particles and visibility range—are given. The 850-mbar trajectories for the air masses arriving at Risø 
The local meterological conditions during these episodes were and at Rörvik at 7 and 19 MEST (middle European summer 
not essential to the PAN levels. Thus on 28 and 29 August time) showed that during the first two episodes ((b) and (c) in 
(maximum PAN levels: 3.2 p.p.b. (Risø) and 2.8 p.p.b. (Gote- Table 1) the air masses came from England and/or the north- 
borg)), less than 2 h of sunshine were observed at Risø and the western part of the continent. The transport time over sea was 
cloud cover in Göteborg was almost constantly 100%. ~25-30h. On 5 September the air masses arriving at Rörvik 
Furthermore, the highest PAN level in Göteborg in the first had passed Scotland, while those arriving at Risø came from the 
episode ((b) in Table 1) and in the second episode ((c) in Table 1 continent. This may explain why no photochemical air poliution 
and Fig. 3) was observed at midnight, 2.8 and 3.5 p.p.b. respec- was observed in Göteborg and at Rörvik, while the maximum 
tively—this clearly excludes local sources. The wind structure level of PAN at Risø was 2.0 p.p.b. (Fig. 3). During the third 
during the three episodes was characterized by stable winds episode ((d) in Table 1) the air masses arriving at Risø and at 
from the south-west sector and relatively high wind speeds at Rorvik on 6 and 7 September and 8 September, 7 MEST, had 
Risø and at the Swedish west coast ((v) = 8 m s` at Rörvik). In passed England, and on 8 September, 19 MEST, and 9 Septem- 


view of the small formation of PAN in the plume from Copen- ber, 7 MEST, they came from the northwestern part of the 
hagen and Malmé, the contributions from cities in Denmark to continent mainly moving across land. 

the high levels observed in these episodes are considered negli- Increased PAN levels in polluted air masses which have been 
gible. transported a few hundreds of kilometres have been 


Figure 3 demonstrates the coincidence of the episodes in reported*’*'’, Our study of the presence of PAN in southern 
Göteborg and at Risø ((c) in Table 1). The relationship between Scandinavia revealed that long-range transport (~ 1,000 km) of 
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PAN occurs. During a more typical summer than that of 1980, 
the relative contribution of long-range transported PAN to the 
total amount of PAN may be less pronounced than observed in 
this investigation, but is probably still substantial. 

The calculations of air mass trajectories were performed by 
the Norwegian Institute for Air Research and the Danish 
Meteorological Institute. 
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Mercury emissions from Mount 
St Helens during September 1980 


Johan C. Varekamp* & Peter R. Buseck*t 


Departments of *Geology and tChemistry, Arizona State University, 
Tempe, Arizona 85287, USA. i 


Mercury catissions from active volcanoes are of interest for 


collected Hg from air samples during the first two weeks of 
September 1980, while Mt St Helens was in a zon 

phase. Mercury concentrations in the plume varied between 750 
and 1,800 mg m”, With these analyses we calculated that the 
daily Hg output from the Mt St Helens system ranged from 200 


saggest 

contributors of Hg to the 
After the large eruption of 18 May 1980, the normal activity 
of Mt St Helens was limited to emission of a hazy plume of gas, 
rich in SO, and CO, which extended downwind from the 
volcano (ref. 1). Air samples were collected in this gas plume 
by aircraft, and ground-level air samples were collected in 
Vancouver (WA) for background determination”. Mercury was 
collected by pumping unfiltered air over a gold-coated wire 
coil. The mercury was recovered from the collection coil by 
induction heating and analysed for Hg with an instrument 
(Jerome Instrument Co. Model 301, detection limit ~1 ng Hg 
in field conditions) based on the thin gold-film detection prin- 
ciple’. Flight traverses perpendicular to the plume were made 
~15 km north-east of the crater at 100-m intervals in altitude 
(Fig. 1). Air was collected continuously during the traverses, 
and thus the samples contain Hg from both inside and outside 
the plume. The amount of Hg collected outside the plume (the 
ambient fraction) was determined with the aid of the CO, chart 
recordings (data from the United States Geological Survey 
, [USGS], which indicate the times spent inside and outside the 
plume (see Fig. 1). For the ambient Hg concentration we made 
measurements in Vancouver, upwind of the volcano, where we 
obtained an average value of 30ng Hg m™” (range 10- 
40 ng m°). Having determined the amount of Hg collected 
inside the plume and calculated the volume of air sampled 
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ARENA 
Fig.1 Sketch of the geometric plane of sampling in the gas plume. 
Inset shows an example of SO,-CO, chart recordings with a 


reconstructed cross-section of the plume. Horizontal hnes 
represent flight paths through the plumo at different elevations. 





within the plume (again, from the CO, charts), we calculated 
the Hg concentration in the plume. The results are given in 
Table 1 and range from 700 to 1,800 ng Hg m™”. 

. Using the Hg concentration in the plume we can estimate the 
daily Hg output of the volcano. This output is calculated as the 
product of plume volume and Hg concentration in the plume 
(see formulae in Table 1). The daily plume volume is the product 
of the cross-sectional area of the plume and the average wind 
speed. The SO, and CO, recordings of the traverses through the 
plume (USGS data) were used to determme the shape and size of 
the cross-sectional area (Fig. 1). 

The estimated daily Hg outputs are given in Table 1, together 
with SO, and CO, outputs (complete SO, and CQO, data will be 
published elsewhere). The Hg outputs are rounded values, 
ranging from a few hundred kilogrammes per day to more than 
1 tonne per day. There. seems to be an initial trend towards 
higher outputs, followed by a sudden drop in output. A similar 
trend can be observed in the SO, and CO, data. There is an 
apparent correlation between the windspeed and these outputs, 
but over a longer period of time this is not generally the case for 
the gas data from Mt St Helens (W. I. Rose, personal com- 


‘munication). 


Sources of error include collection efficiency and analysis, and 
extrapolation of the analytical data to the daily output estimates. 
The analytical error is <20% (ref. 4) and the collection 
efficiency adds only a few per cent to the total error; the error in 
the determination of the wind speed, the variation in the emis- 
sion rate and non-uniformity of the emissions are difficult to 


Table 1 Data used to calculate the Hg concentranon in the plume, daily Hg 
calbculations 


outputs and results of these 

Days (September 1980) 5 6 8 10 15 

A Total analysed Hg (ng) 8 10 9 21 13 

B Hg from outside the 3 4 3 3 2 
plume (ag) 

C Sampled volume of air 6.5 8.4 5.8 9.9 9.5 
from tnekde the plume (I) : 

D concentration in the 750 700 1,000 1,800 1,150 
plume (ng Hg m~”) 

Et Average wind speed 25 46 37 4 3 
(cm h~*) 

F Deily plume volume (km”}) 1,350 2,000 1,700 450 200 

G Hg output (tonnes day) 1.0 1.4 1.7 0.8 0.2 


SO, output (tonnes day?) 600 1,300 1,800 300 400 
CO. output (tonnes day’) 2,800 5,000 4,400 1,100 1,500 


Hg/ SO, x 1,000 1.6 12 0.9 3 0.5 


G=eFxD 





A-B 
D= x1, 
Z 000 


CO,-SO, data are from the USGS’. 
t Windspeed measured from the aircraft. 
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quantify. Relative errors in the wind speed determination can be 
large on calm days, up to 100%, but are small at wind speeds 
larger than 10 km h™*. Although we believe that the magnitude 
of our results is correct, the numbers for the daily outputs are the 
result of extrapolations of analyses in the nanogramme range 
towards hundreds of kilogrammes. 

Analyses for Hg adsorbed on the ashes from the major 
explosion of 18 May 1980 indicated Hg levels below the detec- 
tion limit. Analyses of the pumices erupted on 18 May gave 
values from 8 to 13 p.p.b. Hg (parts per 10°), which are typical of 
the Hg concentrations in most volcanic rocks (refs 6, 7 and 
J.C.V., unpublished data), except for some unusual Russian 
occurrences®. Most of the Hg initially present in the magma 
seems to be released to the atmosphere before solidification of 
the magma. Thus Hg release patterns bear potential for eruption 
monitoring, such as signalling the influx of fresh magma into a 
volcanic system. 

Studies of voleanogenic Hg output from Hawaii’™"', Iceland’? 
and Etna’? indicate that volcanic systems emit measurable 
quantities of Hg. Measurements of Hg adsorbed onto small 
particles from Etna gave outputs of 75 kg day ‘ (ref. 13). The 
total output from Mt Etna is probably much larger because 
much of the Hg is present as vapour””’’. Estimates of worldwide 
volcanic Hg fluxes differ significantly'*. Unni er al."* calculated a 
flux of 3-9 tonnes yr™. Anderson’®, however, taking into 
account passively degassing volcanoes as well as active ones, 
calculated a release of 100 tonnes yr™'. 

Estimates of sources of atmospheric Hg have been given by 
McNeal and Rose”. They subdivide the sources into industry 
(~8,000 tonnes yr~'), soil degassing (~9,000 tonnes yr™') and 
weathering of rocks (~2,000 tonnes yr_'). However, according 
to Lantzy and MacKenzie‘? these sources are insufficient to 
explain the observed relative abundance of Hg in the atmo- 
sphere. They invoked a Hg contribution from the oceans to 
explain this apparent shortfall, but data of Slemr eg al.’” suggest 
that an oceanic source cannot account for the discrepancy. 

It has been suggested that volcanoes should be considered as 
sizeable contributors to the world atmospheric Hg budget””. If 
we apply our Hg/SO; ratio (107°) for Mt St Helens to the SO, 
flux data of Stoiber and Jepsen*’, we arrive at a global flux of 
volcano-related Hg of 7,000 tonnes yr™’. This estimate is based 
on a Hg/SO, ratio and SO, flux data from calc-alkaline vol- 
canoes, which are the most numerous subaerial volcanoes in the 
world. As the current eruptive cycle at Mt St Helens started only 
a few months before our measurements, the magma is presum- 
ably still in the early stages of degassing. Thus, Hg/SQ, ratios 
may be high relative to more mature systems. Also, the sudden 
emplacement of magma at shallow crustal level could have 
mobilized substantial amounts of Hg from the older volcanic 
rock series. 

A Hg output from volcanoes between 1,000 and 
7,000 tonnes yr"! is our best estimate, taking into account 
uncertainties related to our data and calculations. This is in the 
range of other Hg contributions, and global budget calculations 
should consider volcanic systems as important sources of 
atmospheric Hg. 

This work was supported by the extramural geothermal and 
voleano-hazard program of the USGS, grant 14-08-001-G-593. 
We thank M. S. Germani, T. Casadevall and E. Thomas for 
review of the manuscript, and Don Peterson and the staff of the 
USGS office at Vancouver for generous support and coopera- 
tion. 


Note added in proof: Preliminary data from Etna, Colima vol- 
cano (Mexico), and Hawaii indicate much lower Hg/ SO, ratios 
(1075-10) than were obtained at Mt St Helens in 1980. 
Therefore, our worldwide volcanogenic Hg release result should 
be considered as a preliminary estimate. 
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Energy straggling eliminated 
as a limitation to charge 
resolution of transmission detectors 


G. Tarlé, S. P. Ahlen & P. B. Price 
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Detectors of the energy loss of penetrating charged particles are 
used extensively for particle identification. The chief limitation 
in these measurements is the fluctuation of the amount of energy 
deposited within the detector”. We demonstrate here that this 
limitation can be overcome with a new nuclear track detector, 
CR-39(DOP), and that the charge resolution of this detector 
exceeds that of any other, including semiconductor diodes. 

Because of their different response mechanisms, not all types 
of detectors are equally susceptible to energy loss fluctuations. 
This follows from the variance in the AE signal in a detector 
being proportional to £m, the maximum energy transfer to which 
a detector is sensitive'’. As the actual energy deposition 
depends on £m logarithmically, the fractional variance of AE is 
sensitive to em. Ahlen’ has reviewed the response mechanism of 
several particle detectors, and has classified them according to 
the type of atomic collision responsible for the detector signal. 
Ionization and semiconductor detectors are sensitive to all 
classes of collision, whereas, for high particle stopping power, 
organic scintillators respond preferentially to high-energy delta 
rays’. In contrast, dielectric track detectors are insensitive to 
primary energy transfers in excess of 10-350 eV (ref. 4). This 
has led to suggestions that dielectric track detectors should have 
greater charge-resolving capabilities than any other type of 
detector, including the semiconductor diode devices’”. 
Unfortunately, the poor quality of the plastic track detectors 
commonly used means that this could not previously be 
confirmed. | 

The recently discovered, highly sensitive CR-39 track detec- 
tor’ has had two main drawbacks that had to be eliminated 
before we could demonstrate the superiority of track detectors 
over other transmission detection: (1) variations of sensitivity 
with depth and with surface position, and (2) development of a 
frosty surface after long etching times. The first problem 
prevents high resolution measurements due to large-scale 
inhomogeneities of the plastic structure. The second problem 
restricts the viewing to the top surface of a sheet of CR-39 and 
hence, to measuring at one time the parameters of only one of a 
series of etched cones associated with a particle track. We and 
Adams'' have approached the first problem by considering the 
polymerization procedure used in the commercial production of 
sheets of CR-39. We thought that the cure time used in industry 
might be too short to allow uniform heat evolution and uniform 
polymerization required for track etch studies. After developing 
a heat transport model for a polymerizing sheet of CR-39, 
Adams" provided a commercial firm (Pershore Mouldings Ltd) 
with a temperature-time cycle thought to be appropriate for 


‘uniform polymerization. The resulting material was much more 
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uniform than previous samples. However, the CR-39 still turned 
frosty if more than ~20 um of material were removed from a 
surface. This suggested that the polymer contained nonrandom 
structural inhomogeneities at roughly the scale size of the 
wavelength of light. However, within several centimetres of the 
edge of the sheets, which were in contact with vinyl gaskets 
during polymerization, the surfaces remained clear and smooth 
even if several:-hundred micrometres of material were etched 
away. One of us (G.T.) hypothesized that plasticizer in the viny! 
gasket diffused into. the CR-39 monomer and led to a more 
homogeneous polymer. He then showed that by deliberately 
adding about 1% of DOP (dioctyl phthalate, the plasticizer 
commonly used in vinyl gaskets) to CR-39 monomer, the entire 
sheet remained’ smooth and the etch-pits had good optical 
quality after prolonged etching. We believe that DOP causes 
this dramatic improvement by lodging between polymer chains 
so inhibiting formation of cross-linked clusters‘. (An application 
for a patent for doped CR-39 has been filed with the United 
States Patent Office by G.T.) 

To assess the charge resolution of the CR-39(DOP), which 
was made to our specifications (by Pershore Moulding Ltd), we 
performed a simple experiment at the LBL Bevalac. The 
configuration is displayed in the inset of Fig. 1. Ten sheets of 
CR-39 were positioned behind 7.77 ¢cm™* of polyethylene 
(CH) with their normal at an angle of 30° to the beam. Each 
sheet had dimensions 20 x 10x 0.06 cm’. The odd-numbered 
sheets (no. 1 being closest to the CH,) had 1% DOP (by weight) 
added before polymerization. The even numbered sheets had no 
additive. The primary beam, 1.86 GeV AMU™' *°Fe, uniformly 
irradiated the CH; and the CR-39 behind it with ~5 particles 
mm’. The CH; thickness was chosen to produce a significant 
amount of nuclear fragmentation of the primary beam with an 
allowably small velocity loss so that velocity dispersion effects 
could be neglected. 

Following exposure, each sheet was etched for 1 month in a 
6.25M solution of NaOH at 40+0.01°C. Approximately 
70 um of material was removed from each side of each sheet by 
general etching and the latent tracks of the iron and fragments 
were developed into conical etch pits, the projections on the 
residual surfaces of the sheets being ellipses. 

The charge resolution of CR-39(DOP) was investigated by 
measuring the minor axes of track mouths in sheets 3 and 5. The 
sheets were aligned so that the four cones associated with a given 
particle could be observed through an optical microscope by 
focusing down through the sheets. Track dimensions were 
measured with a. x12 eyepiece micrometer and a x25 air 
objective on a Leitz Ortholux microscope. For each track 
detected in the scanning process, successive measurements of 
minor axes for each of the four cone mouths were made and 
recorded. Note that with the non-DOP sheets their surface 
frostiness would have prevented seeing through the sheets. An 
area of ~4 x 5 cm? was scanned. Individual track mouths could 
be repeatedly measured with a single-measurement standard 
deviation of 0.1-0.15 um. The average of the four minor axes 
obtained for each particle track is shown in Fig. 1. Note that of 
the 373 events tabulated not one has an ambiguous charge 

assignment. The charge resolution is oz = (0.118+0.006)e. 

These results can be used to determine the charge-changing 
cross-section Fe + Mn in CH). Because there is only a very small 
difference in the total charge-changing cross-sections for Fe and 
Mn, then for our experimental configuration N2</No. = 

— AXO'25,26, Where Nas and Nas are the numbers of observed Mn 
and Fe events, n = nc + ny is the concentration of nuclei in the 
CH3, x is the CH, thickness and o252. is the Fe>Mn cross- 
section. The result is 025 6=(111+22) mbar. This compares 
favourably with the result of (145+18) mbar obtained else- 
where’ with an identical primary beam and with a particle 
telescope consisting. of six 3-mm-thick Si(Li) diode detectors. 
We suspect that our measured cross-section may be more 
accurate than that of Westfall et al.” as the latter value seems to 
be on the high side of that predicted by fragmentation systema- 
tics and to be excessively greater than inferred from semi- 
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Fig.1 Average minor axis of four track mouths in sheets 3 and 5. 
Inset shows experimental configuration for the irradiation. 


empirical calculations (such deviations were not observed in 
ref. 7 for the 26 >24, 23, 22 cross-sections). 

By applying standard relations on track geometry*, we have 
determined that the response of the top surface of sheet 3 can be 
characterized by a general rate of etching, vq, of 0.10 um h` 
and by a charge-dependent track etch rate, vy (for a velocity 
B =0.93), of s =vr/vo = 1.60(2/26)" with ao = 0.67+0.01. 
This implies that CR-39(DOP) will record charges with Z as low 
as 13 for normal incidence with a velocity of 8 = 0.93. 

We now compare the resolution of the CR-39(DOP) detector 
with that of a silicon diode detector. To do this we need to 
determine the effective thickness of CR-39(DOP) for a track 
mouth measurement. This thickness is smaller than the amount 
of material removed by general etching because the track mouth 
is causally related to only a fraction of the pathlength of the 
particle above the mouth. A least-time calculation’ shows that 
the effective thickness for a particle with zenith angle @ is given 
by Lı = vats/(1 + scosð), t being the etch time. For the top of 
sheet 3, Lı = 47 um for Z = 26. For an equal number of g em™, 
this corresponds to a silicon detector of thickness 26 um. No one 
has directly measured the charge resolution of a Si detector of 
this thickness for 1.68 GeV per AMU Fe. We have, therefore, 
calculated this resolution; it has a standard deviation of (Si) = 
(0.52+0.05)e. This calculation included fluctuations only of 
deposited energy. Fluctuations due to electronics noise and 
Fano fluctuations can be shown to be negligible. The error indz 
represents uncertainties due to assumptions internal to the 
model. This value of oz is a factor of 2.2 times worse than that 
for an equivalent thickness of CR-39(DOP). If we use our same 
model to calculate the resolution for 1.88 GeV per AMU Fe ions 
in 3-mm-thick Si detectors, we obtain az = (0.15+0.02)e which 
agrees well with experimentally obtained values’ of 0.12¢ and 
0.17e. The value 0.12e corresponds to the configuration for 
which no matter is in front of the Si and the value 0.17¢ is fora Si 
detector placed behind the one with the better resolution, This 
difference is attributable to the showering of the second detector 
by delta rays produced in the first. Note that our calculation of Si 
resolution assumed the most favourable condition of having no 
matter in front of the detector. From actual measurements of 
resolution, we can say that the charge standard deviation of a 
CR-39(DOP) detector with a thickness equivalent to that of a 
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3-mm Si detector is 0.022e, which is a factor more than 5 times 
better than the measured value for Si. 

Four applications for this high-resolution detector are: (1) 
The exceptional resolution of CR-39(DOP) and the speed with 
which tracks can be processed make this an ideal detector for 
studying the anomalous properties that relativistic heavy nuclei 
seem to possess following nuclear interactions’. (2) The final 
frontiers of cosmic ray astrophysics involve accurate measure- 
ments of isotopic and elemental abundances of rare species for 
which both large collecting power and superb resolution are 
required. The extremely good charge resolution and low cost of 
CR-39(DOP) detectors make them suitable. (3) Past searches 
for primary antimatter in the cosmic rays have placed limits of 
~1 part in 10* on the fraction of antimatter’. These limits could 
be improved by several orders of magnitude using a large-area 
array containing both plastic scintillators and track detectors. 
The track detector, which responds preferentially to distant 
collisions, measures the magnitude of particle charge, whereas 
the scintillator, which responds preferentially to close 
collisions’, can measure the sign of the charge by means of the 
sign-dependence of the Mott cross-section. (4) For a thickness of 
5 mm of CR-39, a charge standard deviation as small as 0.02e is 
possible; this would enable the detection of non-integrally 
charged nuclei. Searches for energetic quarks bound to heavy 
normal nuclei are, therefore, made possible for studies either at 
accelerators or in cosmic rays’. 

Studies of cosmic ray tracks show that the response of CR- 
39(DOP) is independent of track zenith angle and that the high 
resolution obtained in the accelerator experiment may also 
apply to the identification of heavy cosmic rays. 

We thank Michael Solarz and Kay Kinoshita for valuable 
assistance. This work was supported in part by NASA grant 
NGR 05-003-376, NASA contract NAS1-16268 and NSF grant 
PHY 78-24357. 
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Relict grains in chondrules 
E. R. Rambaldi 
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It is not widely recognized that a significant fraction of the 
chondrules from ordinary chondrites contain silicate grains that 
survived the chondrule formation process without melting. In 
the most typical case these grains consist of coarse olivine, rarely 
orthopyroxene, crystals located in the core of chondrules and 
displaying a zoning that is inconsistent with crystallization from 
a silicate melt. The surrounding groundmass contains abundant 
glass and fine grained euhedral olivines that appear to be of 
igneous origin. The relict grains still preserve the imprint of 
processes that occurred in the solar nebula and, in some cases, 
may include the isotopic record of interstellar grains. The ori- 
ginal properties of these chondrules are best preserved in the 
most unequilibrated ordinary chondrites’. I present here 
important information with regard to the chondrule precursor 
materials and the process of chondrule formation which was 
acquired by a compositional and textural study of three of the 
most unequilibrated type 3 ordinary chondrites. 


The spherical shapes and internal igneous textures of chon- 
drules indicate that they were once molten. Although it is widely 
believed that chondrules were formed by melting of pre-existing 
solids**, it has also been suggested that they are nebular 
condensates’"''. The various textures observed in chondrules 
have generally been interpreted to result from differences in the 
rate of crystallization®'’. 

Models of chondrule formation date back to 1877 (ref. 13), 
but only recently has a substantial amount of analytical and 
textural data become available*'*'’. The recent discovery of 
major differences in bulk and phase composition and oxygen 
isotope ratios®’*"* in chondrules from unequilibrated chon- 
drites indicate that a chondrite sample with centimetre dimen- 
sions contains a wide variety of materials formed in diverse 
conditions. Although Dodd*®"’ identified in unequilibrated 
ordinary chondrites irregular rock fragments which have tex- 
tural and chemical properties indicative of slow cooling and may 
represent the source rock from which chondrules were derived 
through shock, melting and chemical fractionation, it seems to 
have escaped attention that many droplet-like chondrules have 
never been completely molten, but preserve grains predating the 
chondrule formation event. 

The most unequilibrated (type-3) ordinary chondrites have 
remained practically unaffected by post-agglomeration meta- 
morphism and thus preserve numerous chemical and textural 
properties acquired during nebular processes’*'*. Sears et al.’ 
used thermoluminescence sensitivity and other evidence to 
assign type-3 chondrites subtype numbers following the type 
number; the most unequilibrated type three is 3.0, the most 
equilibrated 3.9. 

During a survey of chondrules in three of the most unequili- 
brated type-3 ordinary chondrites Krymka (LL3.0), Chainpur 
(LL3.3) and Bishunpur (L3.1), textural and chemical evidence 
of relict grains and thus incomplete melting was found. Some 
typical cases are discussed below. Independently, Nagahara’’ 
has also reported the presence of relict grains in another 
unequilibrated chondrite Allan Hills A77015 (L3.5). 

Chondrule A from Chainpur (Fig. 1a) consists of a central 
olivine grain that contains irregular olivine overgrowths and 
some interstitial silicate glass. Surrounding the large central 
olivine grain is a mixture of fine grained olivine, orthopyroxene 
and glass. Electron microprobe scanning from centre to edge of 
the large olivine yields the following results: the Fe content 
decreases by almost a factor of 6 from the grain centre to an 
intermediate area where glass inclusions first occur (A-D in Fig. 
2, Ol 1 and Ol 2 in Table 1), then increases sharply by a factor of 
20-30 in the outer portions of the olivine overgrowths (EF in 
Fig. 2, OI 3 in Table 1). Manganese was found only in OI 3. The 
smaller olivine grains in the portion of the chondrule outside the 
large grain also have a higher Fe content, with Fe increasing 
from ce. tre to edge of each grain. The compositions of the 
external orthopyroxene and glass are also given in Table 1. The 
orthopyroxene is enstatite, and the composition is approxi- 
mately that expected if in chemical equilibrium with the Fe-rich 
exterior olivine. The complex zonation of the large olivine is 
inconsistent with crystallization from a melt, which would 
produce olivines with Fe content monotonically increasing from 
centre to edge. This trend seems best interpreted to indicate that 
the olivine grain was never completely molten. Its inner portion 
(A-D in Fig. 2) might represent a relict grain from which the 
fayalitic component was partially lost by diffusion during a 
partial melting process. Alternatively, if there was too little time 
for equilibration, the inner portion (points A-C) may be a grain 
that initially contained ~2% Fe, and the lower Fe content of 
point D is the first olivine to precipitate from a melt that initially 
had a similar Fe/(Fe + Mg) ratio. Subsequent crystallization of 
olivine from the melt added the normally zoned overgrowth and 
the smaller olivine grains in the surrounding area. 

Another case is shown by the Krymka B chondrule fragment 
(Fig. 1b). The large olivine grain in the interior has a dusty 
appearance, the dust consisting of submicrometre Fe-Ni metal 
inclusions; this region is surrounded by a clear rim. Olivine in the 
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Fig.1 a, Chondrule A from Chainpur 
(diameter, 600 pm); the large olivine 
grain in the interior (white) has an inner 
core, delimited by droplet like or elon- 
gated glassy inclusions (dark), sur- 
rounded by olivine overgrowths which 
are in crystallographic continuity with 
the core. The outer portion of the 
chondrule consists of a mixture of fine 
grained olivine, orthopyroxene and 
interstitial CaAl-rich glass. b, Chon- 
drule fragment B from Krymka 
(750 um length); the large olivine grain 
has a clear rim but an inner dusty core 
due to the presence of fine grained 
metallic inclusions. Small spheroidal 
metal droplets are present outside the 
clear rim and droplets of SiO,-rich glass 
are included within the olivine (not 
visible in Fig.), the surrounding area 
consists of a mixture of olivine, ortho- 
pyroxene and glass of variable 
composition. c, In chondrule C from 
Bishunpur (2,000 x 2,650 um) the inner 
portion consists of large dusty olivine 
laths, with rims free of metal inclusions. 
The outer portion consists of fine 
grained, euhedral olivines, Ca, Al-rich 
glass and spheroidal metal-sulphide 
droplets. d, Part of Bishunpur chon- 
drule D (diameter, 2,750 ym) which 
consists of coarse grained enstatite in 
the core, surrounded by a mixture of 
euhedral olivine, Ca, Al-rich glass and 
spheroidal metal-sulphide. e, Chon- 
drule E from Chainpur (diameter, 
840 um) contains large olivine grains 
partly grading into a fibrous mass 
consisting of an intergrowth of ortho- 
pyroxene and SiO,-rich glass, 


dusty core (Ol 1 in Table 1) has higher Fe and Mn and lower Al 
and Ca contents than the clear rim (Ol 2). Olivine in the 
outermost portion of the rim is still richer in Fe (Ol 3). A 
compositional profile from centre to rim is shown in Fig. 2b. The 
material surrounding the olivine consists of an intergrowth of 
low-Fe olivine, poorly crystallized pyroxene (Table 1) and Ca. 
Al-rich glass of highly variable composition. Some small metal- 
lic droplets present outside the clear olivine rim are interpreted 
to have formed from dusty metal in regions that were completely 
melted. These chemical profiles and the preservation of the 
dusty metal in the interior seems inconsistent with growth of the 
host olivine from a melt. The detailed process will be discussed 
elsewhere*’. Reduction of fayalitic olivine to metallic Fe would 
have released SiO,, and excess SiO; is found in small glassy 
droplets in the clear olivine rim (Table 1). 

Figure 1c shows a chondrule from Bishunpur (C in Table 1) 
consisting of large corroded dusty olivine laths, surrounded by 
thin clear rims. The outer portion of the chondrule consists of 
small, clear euhedral olivine grains, spheroidal metal and minor 
sulphide surrounded by Ca, Al-rich glass. No orthopyroxene 
was found. The dusty metal inclusions in the large olivines 
consist of almost pure Fe (>99% Fe), with only mihor amounts 
of Cr, Co and Ni (refs 18, 20) which were probably produced by 
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in situ reduction of fayalite. Olivine in these dusty areas is 
difficult to analyse because of interference from the adjacent 
metal; occasional metal-free areas contains <2% FeO (Ol 1 in 
Table 1) more Cr and Mn and less Ca and AI than the clear rims 
and the small euhedral olivine grains (Ol 2) in the surrounding 
groundmass. These euhedral olivines are slightly zoned with Fe 
increasing towards the edges. The occurrence of two types of 
olivine (large dusty laths and fine euhedral) displaying opposite 
zonal patterns is an indication of disequilibrium. It seems that 
the dusty olivine laths are relict grains that were never molten 
and predate the chondrule formation process. The reheating 
process was accompanied by reduction and formation of metal- 
lic Fe as in the case of chondrule B, followed by crystallization of 
Fe-poor rims and euhedral olivines from the melt. Small glass 
inclusions within the relict olivines (G! 1 in Table 1) have 
compositions drastically different from that of the interstitial 
glass, being richer in Ca, Al, Ti, Mg, lower in Si, Fe, Cr and Na 
free. The composition of this glass is almost identical to that 
found by Fuchs et al.” in aggregates from the CM Murchison 
chondrite. As discussed elsewhere'*** Bishunpur C contains Cr, 
Si-bearing metal and Ca, Cr-bearing sulphide, an indication of 
high temperature origin in a reducing environment 

Bishunpur chondrule D consists of large twinned enstatite 
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grain sehen the pa (Gb has Thigh Ca and Al contents. This 
chondrule, as the previous one, contains Cr, Si-bearing metal 
and Ca, Cr-bearing sulphide’**. The opposite zonal pattern 
observed i in orthopyroxene and canine: is an indication of dis- 
equilibrium and that some portions of the assemblage were 
never completely molten. No dusty. metal was formed and the 
incomplete melting of the enstatite grains was followed by later 
crystallization of olivine in equilibrium with the Fe-poor ensta- 





tite rims. The excess FeO released during this crystallization — 


may be responsible for the high values in the glass. 
Chainpur chondrule E (Fig. te) consists of three large olivine 
crystals two of which appear to have partly grown into a fine- 


grained mass consisting of a mixture of fibrous pyroxene and | 


SiO,.-rich glass of variable composition. The large size and the 
faceted appearance of the olivine indicate that these formed 
slowly at higher temperatures when diffusion was rapid, whereas 


the enstatite fibres seem to have formed during a short period at 


‘lower temperatures. Compositions of the three phases are listed 

in Table 1. The forsteritic olivine cannot have been in equili- 
brium with the SiO,-rich glass. Complete crystallization of the 
chondrule system would have produced no SiO,, but rather 
olivine and enstatite plus an accessory Ca, Al-bearing mineral. 
However, heating a forsterite-enstatite assemblage to the peri- 
tectic melting temperature of enstatite to produce a melt 
followed by kinetically favoured olivine crystallization as rims 
around the pre-existing unmolten olivine crystals could yield a 
meit rich in SiO}. It is also possible that the material forming this 
chondrule originally consisted of a nonequilibrium mixture of 
coarse grained olivine together with a fine-grained mixture of 
pyroxene and SiO,-rich mineral(s), and that rapid heating of this 
assemblage to the melting temperature of the fine grained 
mixture would leave the olivine unaltered and yield a product 
texturally and compositionally similar to that observed. 

A survey of three thin sections, one for each of the chondrites 
studied (Bishunpur, Chainpur and Krymka) indicates that 
~ 10% of chondrules or chondrule fragments show clear textural 
evidence of incomplete melting in which relict silicate grains 
predating the chondrule formation process are present. Electron 
microprobe studies of mineral assemblages inside some of these 
chondrules has provided the analytical data required to under- 
stand the chemical processes involved, and can probably be used 
to identify additional incompletely melted chondrules for which 
the textural evidence is ambiguous. 

The identification of relict silicate grains in the interior of 
incompletely molten chondrules poses constraints on models of 
chondrule formation. The observations seem to exclude the 
possibility that these chondrules condensed as liquid drop- 
lets'°"', We can make rough estimates of the maximum 
temperature achieved by these assemblages by treating them as 
equilibrium assemblages; the estimated temperatures in most 
cases must lie above the peritectic melting temperature of 
enstatite but below the melting temperature of pure forsterite. 
Of course, if the assemblage formed by flash heating, the 
instantaneous temperature of the melt could have been higher. 
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Fig.2 Electron microprobe scanning from centre to outer rim of the large 

olivine grains in the interior of chondrules Chainpur A (a) and Krymka B 

(b). The complex zoning pattern indicates that the core of these grains never 
experienced melting. 


In the case of chondrule D, the temperature to which the 
assemblage was heated must have been below the melting of 
pure enstatite, to allow the preservation of relict grains of this 
mineral. 

After the reheating process, chondrules behaved as more-or- 
less closed systems, each constituting a specific chemical 
environment that was a function of the mineral assemblage and 
composition. An oxidized phase, ossible H.O or CO, has been 
lost from the chondrule containing dusty metal, as some agent 
not now present seems to have been responsible for the reduc- 
tion of FeO from fayalite to metallic Fe (ref. 20). Chondrules 
must have cooled rapidly enough to prevent internal equili- 
bration by diffusion, allowing the preservation of zoning and 
disequilibrium assemblages i in their interior. 

The relict grains may be the product of nebular (or even 
presolar) condensation and their existence, not previously 
generally recognized i in the chondrules of ordinary chondrites, 
offers a promising source of information concerning the chon- 
drule formation processes and the precursor materials from 
which chondrules formed. 

I thank J. N. Grossman, J. T. Wasson and J. A. Wood for 
useful suggestions. This research was mainly supported by 
NASA grant NGR 05-007-329. 
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Table 1 Chemical SA aca of l POEUN silicate phases inside incompletely molten chondrules of highly unequilibrated ordinary chondrites 


Chainpur A ssi Krymka B 
Ol1 O12 O13 Opx GI OL 02 O13 Opx Gl 


SiO, 42.5 43.4 42.0 595 571 418 42.5 42.5 581 663 
0.35 026 0.03 0.27 20.5 0.07 0.26 0.04 2.5 22.1 
: 55.3 56.7 51.0 371 35 556 56.7 569 36.2 43 
FeO 1.74 031° 75 #33 24 34 062 1.43 6.75 2.0 


CaO 0.59 0.71 -0.25 0.25 11.0 0.10 054 0.24 10 13 
MnO 00i 00l 0.31 0.21 0.23 0.25 0.05 0.06 0.34 0.03 
Cr,O, 0.11 0.08 0.13 0.68 0.27 0.15 0.17 0.05 0.65 0.85 
Na,O eo, eee, ne SO = =. =e vee Ole 


40.9 42.9 516 43.9 


55.0 559 47 3.7 


400.6 101.5 101.2 101.3 100.0 101.3 100.8 101.2 99.5 98.7 98.3 100.5 99.5 99.3 


Bishunpur D Chainpur E 
Gi2 Opxi Opx2 Ol Gl Ql Opx Gli. 


58.1 60.1 42.2 524 42.9 58.6 754 
0.24 0.54 0.05 22.5 0.05 059 9.2 
36.0 379 545 4.7 544 351 93 
062 22 38 32 30 19 
0.44 0.25 118 0.14 0.70 3.5 
0.27 0.05 0.05 0.03 0.27 0.08 010 0.15 6.21 046 0.31 
0.19 0.38 0.49 0.32 0.55 0.28 012 045 0.10 0.78 0.39 
— — $2 00, = — — 32 — 012 0.58 
= = “O32 12 = 008 — 037 — — — 
100.0 100.0 99.4 99.4 101.0 99.3 100.3 


Bishunpar C 
Oli Of2 Gil 


0.03 0.23 22.9 30.2 


1.54 0.78 1.2 0.58 4.6 
9.20 0.46 13.4 17.4 0.27 
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Wrangellia and the Alaska Peninsula terrane are two of the 
many allocthonous terranes making up southern Alaska today. 
Palaeomagnetic data from these areas clearly indicate low 
palaeolatitudes in the early Mesozoic. Because of local and 
regional rotations, the mean declination of the palaeomagnetic 
vectors is uncertain. This, in addition to incomplete temporal 
coverage, has led to an ambiguity in the polarity of the vector, 
and hence an ambiguity in whether the palaeolatitudes deter- 
mined are in the Northern or Southern Hemisphere. The data 
considered here have resolved the ambiguity for Wrangellia, 
and by implication for the Alaska Pennisula terrane, and also 
allow the construction of a highly speculative apparent polar 
wander curve. 

A major portion of the North American Cordillera is 
composed of ‘suspect’ terranes'*. These tectonostratigraphic 
terranes are suspected of being allochthonous to cratonic North 
America. Palaeomagnetic studies have shown that many of 
these terranes have travelled great distances? ; however, the 
geographic origin and tectonic history, in terms of plate motion, 
are still very poorly understood. 

Palaeomagnetic data, particularly from severely deformed 
areas, are often difficult to interpret for use in palaeogeographi- 
cal reconstructions. A palaeomagnetic pole may yield an esti- 
mate of the palaeolatitude and the amount of rotation necessary 
to reconcile any discordance between the ancient geomagnetic 
pole position and the present geographical pole, but gives no 
longitudinal control. There is also a polarity ambiguity which is 
particularly important at a low palaeolatitudes. As the Earth’s 
magnetic field reverses polarity from time to time, it is not 
apparent whether the observed north seeking magnetic vectors 
correspond to the north geographical pole (normal polarity) or 
the south geographical pole (reversed polarity). The polarity will 
affect the sign of the palaeolatitude (Northern or Southern 
Hemisphere) and the amount of relative rotation needed to 
bring the palaeomagnetic pole into coincidence with the 
reference pole. Due to the sparse data base, especially with 
regard to time, the palaeomagnetic signatures of the terranes in 
Alaska are only poorly known; there are thus few guidelines to 
aid in the determination of the correct polarity. Consequently, 
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various workers have assigned polarities to minimize the 
required amounts of rotation, give continuity of motion and give 
reasonable plate velocities. These arguments are rarely con- 
vincing and the polarity dilemma has hampered construction of 
polar wander curves. There are two techniques to resolve the 
ambiguity of polarity. One is to construct a continuous apparent 
polar wander curve backwards in time from the present. This has 
not yet been possible for southern Alaska because of the 
difficulty of obtaining samples which have a wide enough dis- 
tribution in time from appropriate locations. The construction of 
an apparent polar wander curve is ako hampered by lack of 
precision in relating the measurements of the ancient declina- 
tion of the geomagnetic field from one area to another. This 
difficulty arises from the fact that relative rotations of individual 
terranes may have occurred, as are seen elsewhere in Western 
North America®, and apparent local rotations may also arise 
through multiple folding events. | 

The second technique, which is applied here, is to use data 
from times when the geomagnetic field was anomalously stable, 
One of these times, the Permo—Carboniferous reversed 
magnetic interval, the geomagnetic field was almost exclusively 
of one polarity (reversed), times of normal polarity being both 
very short and extremely rare. The data discussed here are from 
rocks formed at the beginning of this period (when short normal 
polarity intervals were slightly more frequent) and in the middle 
(when they are extremely rare), thus allowing great confidence 
in Our assumption of reversed polarity. We now report late 
Palaeozoic palaeomagnetic data of known polarity for the 
Wrangellia terrane* and explore some of the ramifications for 
polar wander curves and tectonic history. 

As originally described, the Wrangellia terrane’ comprises 
several tectonic units recognized in the Wrangell Mountains, 
Alaska, parts of southeastern Alaska, Queen Charlotte Island, 
Vancouver Island and an isolated fragment in eastern Oregon. 
Hillhouse* presented palaeomagnetic data from Triassic rocks 
in the Wrangell Mountains which document low palacolatitude, 
within 15° of the Equator. This low Triassic palaeolatitude has 
now been confirmed for other localities within Wrangellia®”. 
Hillhouse* assigned normal polarity to the pole located at 
146° E, 2° N on the basis that it is closer than the antipole to the 
equivalent Triassic pole for cratonic North America, and 
requires the lesser amount of northward translation and rotation 
for Wrangellia. 

Three new localities have been sampled along Skolai Creek in 
the Wrangell Mountains, Alaska. These sample localities lie 
close to and stratigraphically beneath Hillhouse's’ Golden Horn 
Triassic locality (Fig. 1) and form part of the same, apparently 
intact stratigraphic sequence. The present results may thus be 
directly related to the Wrangellian Triassic palacomagnietic 
poles, as these localities all seem to have experienced the same 
overall deformational history. Taking regional attitudes into 
account they may also be compared with cratonic North 
America. 

Seventeen oriented cores were collected from both the Lower 
Permian Hasen Creek Formation (volcaniclastic sediments) and 
the Lower Permian or Pennsylvanian Station Creek Formation 
(volcanic, pyroclastic and volcaniclastic sedimentary rocks). In 
addition, six cores were obtained from a gabbro (Middle or 
Upper Triassic) intruding both the Hesen Creek and Station 
Creek Formations. 

All samples were subjected to stepwise thermal demag- 
netization to remove secondary magnetic components. Primary 
vector directions were determined for each core on the basis of 
mininum change of direction over successive demagnetization 
steps, accompanied by systematic intensity decreases. Samples 
that did not display a stable vector direction for at least the last 
demagnetization steps were not used for calculation of a mean 
vector direction. In addition, vector directions more than an 
arbitrary 40° from the mean were eliminated from the cal- 
culation of the final mean on the basis that they probably 
represent either excursions of the geomagnetic field or errors 
incurred during the collection and processing of samples. Only 
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Fig. 1 Generalized geological map of Skolai Creek valley, eastern Wrangell Mountains, Alaska. Modified from ref. 16. 


four vectors were rejected for these reasons (all from the Station 
Creek Formation). For all three localities, the mean vector 
directions with respect to present geographical coordinates do 
not include the present field within their circles of confidence. 
The fold test for these samples is positive, inasmuch as the 
precision parameter (k) (ref. 10) is larger when the data are 
calculated with respect to local indications of ancient horizontal 
than with respect to present horizontal. In addition, the Station 
Creek Formation suite contains one vector direction whose 
polarity is the opposite of the others. The mean directions 
(Table 1) thus represent a reliable measure of the ancient 
geomagnetic field. 

The polarity for the virtual geomagnetic poles (VGP) can be 
assigned with confidence, as the Hasen Creek Formation is 
known from reliable fossil evidence to be of Permian age"’, 
which corresponds to the Permo~Carboniferous reversed 
magnetic interval”, While there are rare normal magnetic 
intervals in this ‘quiet’ period, the probability of sampling only a 
normal interval in a thick (40m) stratigraphic sequence is 
exceedingly small. Also, the existence of a single reversal in the 
earlier Pennsylvanian—Permian Station Creek suite is consistent 
with deposition within the section of the Permo—Carboniferous 
quiet interval which had a few short normal polarity episodes. 
Thus, taking into account the reversed geomagnetic polarity, the 
VGPs corresponding to the mean vectors plotted in Fig. 2 
represent an estimate of the location of the north geographical 
pole for that time. 


The VGPs for the Hasen Creek and Station Creek localities 
plot very close together. The VGP for the pluton is displaced 
towards the Triassic Wrangellian pole of Hillhouse*. Because a 
direct measure of stratigraphic tilt was not possible for the 
pluton, the tilt correction had to be assigned on the basis of local 
geology, and is thus inherently less accurate than tilt corrections 
for the layered rocks. However, the general positon of the VGP 
for the pluton supports the validity of the other VGPs. 

The VGP determinations reported here for the Pennsyl- 
vanian-Permian are located within 30° of the Triassic VGPs 
described by Hillhouse’. This provides strong evidence that 
Hillhouse’s polarity preference is correct and that Wrangellia 
was located at lat. ~15° N, during late Pennsylvanian (?) to 
Triassic time. 

Jones and Silberling’? suggest that Wrangellia and the Penin- 
sular terrane had amalgamated by at least late Jurassic time, 
based on biostratigraphic considerations. If this interpretation is 
correct, then existing palaecomagnetic data for the Peninsular 
terrane should be applicable to Wrangellia from Jurassic time to 
the present. There is, however, a polarity ambiguity for the 
Jurassic Peninsular pole. 

A Southern Hemisphere polarity for the Jurassic Peninsular 
pole has been proposed’* on the basis of ‘smoothest’ motion and 
minimum number of changes in direction of the inferred plate 
motion. The confirmed Triassic pole for Wrangellia is consider- 
ably closer to the Southern Hemisphere Jurassic pole for the 
Peninsular terrane than the Northern Hemisphere pole. Selec- 
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Table 1 Magnetic field data from formations in southern Alaska 


AEA anaa 


Formation Deg Ig k Ds Is 
Hasen Creek 207.8 14.0 21.0 218.0 14.5 
(Lower Permian) 
Gabbro pluton — — ~= 242.0 ~2.8 
Station Creek 215.4 1.8 3.1 225,9 10.9 
(Lower Permian- 
Pennsylvanian) 


Long. VGP 
k a95 °N Lat. k a95 N 
PAS 9.0 178.6 —14.9 41.3 6.6 11 
111.0 5.4 152.1 —14.2 192.1 4.1 6 


8.9 14.9 167.6 ae 14.4 11.7 10 
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Dg, Ig are the declination and inclination of the magnetic vector with respect to geographical coordinates (present north and present horziontal); 
Ds, Is are the declination and inclination of the magnetic vector with respect to a stratigraphic frame of reference (present north and ancient 
horizontal); VGP is a virtual geomagnetic pole reported in terms of geographical longitude and latitude: k is Fisher’s precision parameter, N is the 
number of samples, Geographical vectors for the pluton were not reported as all samples were assigned the same tilt correction; thus a fold test was not 
possible. The polarity of the tabulated data represent the equivalent of today’s Northern Hemisphere pole. 
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tion of the Northern Hemisphere Jurassic pole as the correct one 
would also require ~125° of rotation. Similar rotations have 
been documented for numerous terranes*: however, these are 
considered to be related to regional shear in a transform setting. 
Evidence for similar transform tectonics for Wrangellia in Tri- 
assic or Jurassic time is lacking. On this basis the Southern 
Hemisphere Jurassic pole is favoured, which then allows a highly 
speculative polar wander curve to be drawn (Fig. 3) through the 
above Pennsylvanian—Permian data, the Triassic VGP of 
Hillhouse* and the Jurassic, Cretaceous and Eocene VGPs of 
Stone’* and Stone and Packer’, 

Because of possible significant errors in the declination data, 
due to unknown amounts of relative rotations of the two major 
terranes sampled, the highly speculative nature of the polar 
wander curve must be emphasized. Even taking this into 
account, the apparent polar wander path shows two pronounced 
‘kinks’; one in Jurassic time and one some time between late 
Cretaceous and Eocene time. The possibility that these kinks 
represent changes in the geological regime is enhanced by the 
fact that the Jurassic aged ‘kink’ also reflects a change in the 
trend of the palaeolatitude versus time of the sampling sites. 
Because the palaeolatitude depends solely on the inclination of 
the magnetic vector with respect to ancient horizontal, it is 
unaffected by relative rotation. The timing of these sudden 
changes of trend in tectonic motion with respect to the geomag- 
netic, and by implication the geographical pole, are reasonably 
close in age to two established orogenic episodes in Alaskan 
geology. We speculate that the Jurassic orogenic event marks 
the amalgamation of Wrangellia and other southern Alaska 
terranes, probably including the Peninsular terrane. The later 
event marks the accretion of this superterrane to North America 
some time during late Cretaceous to Eocene time. In this model, 
the kinks in the polar wander path would be the palaeomagnetic 
signatures of the collision events, which in turn caused 
readjustments of the motions of the terranes. 

If this polar wander path is correct, it also implies that 
Wrangellia, and whatever plate it was part of, had significant 
southerly motion during earliest Mesozoic times. This was then 
followed by northerly plate motion beginning in the Jurassic 
period which carried Wrangellia and the Peninsular terrane 





Fig. 2 Virtual geomagnetic pole (VGP) positions and associated 
circles of 95% confidence for upper Palaeozoic units. P, Hasen 
Creek Formation (Permian); PP, Station Creek Formation 
(Permian—Pennsylvanian); G, a gabbro pluton (Triassic). @, 
Northern Hemisphere; O, Southern Hemisphere. 
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Fig. 3 Speculative polar wander curve for Wrangellia. Permian- 

Pennsylvanian and Triassic poles are considered to be fixed, 

inasmuch as the choice of polarity is almost certainly correct. 

Jurassic to Eocene poles are from the Peninsular terrane, based on 

the assumption that the Peninsular terrane and Wrangellia were 

joined by late Jurassic. @, Northern Hemisphere; ©, Southern 
Hemisphere. 


from the Southern Hemisphere to their present location in 
southern Alaska. 

Obviously we cannot calculate actual rates of plate motion 
from the data available, but the data do not require excessive 
motions. The maximum plate velocity needed is ~6 cm yr ‘ of 
latitudinal movement between the Jurassic and the present. In 
principle, it may be possible to make generalized reconstruc- 
tions of the motions of the Palaeo-Pacific oceanic plate(s) by 
using allochthonous terranes as ‘tracers’, This is an important 
possibility, as there is no Pacific oceanic crust older than Jurassic 
from which plate motions can be ascertained directly. 

Although more sample localities are desirable to establish 
firmly the position of the Pennyslvanian—Permian poles, the 
evidence confirms the polarity of Hillhouse’s’ Triassic 
palaeomagnetic pole for Wrangellia. This resolves the polarity 
dilemma for part of the Wrangellia polar wander curve, and will 
reduce polarity problems in future studies. 

The highly speculative polar wander curve for Wrangellia, 
based on data from both Wrangellia and the adjacent Peninsular 
terrane, can also be verified (or refuted) by more sampling, 
particularly in the time-stratigraphic intervals in Wrangellia 
which currently have sparse or marginal palaeomagnetic data. 

We thank Cities Service Company for field assistance and 
Woodward-Clyde Consultants for the use of their palaeomag- 
netic laboratory. Part of the work was supported by a NSF grant 
EAR-7920071. 
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Intermediate levels of soil disturbance 
maximize alpine plant diversity 
John F. Fox 
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The intermediate-disturliance hypothesis’? predicts that plant 
species diversity will be maximized at intermediate levels of 
vegetation disturbance (D). As yet, the only directly applicable 


data seem to be from Grime’s' study, which served more asa ’ 


source of the conjecture than an independent test of it, and in 
which disturbance was not measured. Here I report an analysis 
of the relationship between soil frost disturbance and diversity 
of vascular plant species in Arctic—alpine fellfield vegetation in 
the White Mountains of interior Alaska. To study plant species 
diversity, a measure (SD) is calculated, which is affected by both 
the number of species (species richness, SR) and the evenness of 
their relative abundances. I show that intermediate levels of 
disturbance maximize SD by influencing the evenness of relative 
abundances, but not the overall number of species. Because 
disturbances caused by soil frost action and animals are frequent 
in many Arctic and alpine tundras, these results imply that 
disturbance could be an important factor in species diversity 
differences within and between tundra vegetation types. If 
theoretical predictions’ are confirmed by dynamic tests now 
under way, the theory could be applied to problems of tundra 
vegetation management such as revegetation and disturbance by 
trampling and vehicles. 

The argument of the intermediate-disturbance hypothesis is, 
briefly, that disturbed patches will host a local succession of 
species during their post-disturbance recovery, that is, they will 
‘undergo gap-phase or micro-succession*”'*. Thus in areas 
‘sufficently large to contain several patches, at intermediate 
levels of disturbance the vegetation would contain a relatively 
equable mixture of differently aged patches in various stages of 
recovery, and therefore a relatively even mixture and greater 
variety of species (including early- and late-successional plants). 
A test could follow one of two approaches: (1) verifying the 
predicted’ SD-D relationship at a ‘macroscopic’ scale, or (2) 
demonstrating microsuccessional dynamics at the patch scale. 
The former approach is used here. 

The study sites are 136 and 169 km north-east of Fairbanks, 
Alaska, along the Steese Highway, at an elevation of 950- 
1,100 m. The fellfields occur on windswept ridges or slopes 
bearing little or no permanent snow cover; the discontinuous, 
very low (i~5 cm) vegetation is dominated by a few species of 
creeping perennial subshrubs, mainly Dryas octopetala octo- 
petala, Diapensia lapponica and Salix phlebophylla, and by 
fruticose lichens (for authorities on nomenclature, see refs 13, 
14). Between vegetated patches, wind erosion has exposed a 
discontinuous stony pavement set in a matrix of sandy to silty 
‘loam soil. The soil annually undergoes a number of freeze-thaw 
cycles, creating small (0.2-1.0 m) frost scars and frost-heaving 
some plants. This mosaic of exposed pavement, lichen patches, 
vascular plants and frost scars is probably dynamically inter- 
related by microsuccessional sequences (see refs 15-19; see ref. 
19 for an illustrated introduction to the relationship between 
alpine soil frost disturbance and vegetation). In highly frost- 
disturbed areas, caespitose and rhizomatous perennial herbs in 
Arenaria, Oxytropis, Campanula and Antennaria are frequent; 
in. relatively. undisturbed areas, these species contribute little 
cover compared with subshrubs.: 

Species diversity (SD) was ‘estimate as 1/(Zp7), using 
replicated (N = 2~7),5m line transects set 0.5 m apart, in which 
species cover was measured by point intercepts at 1 or 2 em 
intervals; p; is the proportion of total vascular plant cover 
contributed by species í Ranked species-abundance curves 
based on the p; are geometric’”*'. Vascular plant species rich- 
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ness. (SR) i is the be of species tecótded i in each transect of 


250-500 points. ‘Disturbance’ (D) is estimated as the propor- 
tion of a line transect covered by recently frost-churned soil, 

which is unvegetated and yellowish, with no dark algal crust. 
Note that D is not a direct measure of disturbance rate. A test of 
the hypothesis will, nevertheless, be valid if the intersite ranking 
of D concurs with the intersite ranking of disturbance relative to 
recovery rate’ or with the ranking of ‘stress’', the independent 
variables in Horn’s and Grime’s theories respectively. A valid 


- test requires that other important factors vary relatively little 


among sites, compared with D. This requirement is probably 
satisfied, considering the similar exposure and topography, soil 
depth, plant growth form, specs composition and vegetative 
cover among sites. 

Figure 1a, b shows that both SD and SR exhibit maxima at 
intermediate D, as predicted by theory. The heterogeneity 
among SD means is significant at P < 0.001, even after remov- 
ing variance due to linear regression with D, indicating 
significant deviation from linearity, Requisite assumptions for 
the one-way analysis of variance, homogeneity of variances and 
normally distributed errors, were verified: A runs test also shows 
(P < 0.002) deviation about the linear regression of SD on D, in 
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Fig. 1 a, b, Species diversity (SD) and richness (SR ) versus soil 
frost disturbance (D). Horizontal bars = means; vertical bars = 
standard errors. c, Dependence of species diversity on cover of the 
dominant fellfield vascular species, D. octopetala. d, Theoretical 
sampled species diversity and richness for Horn’ ’s* relay-succession 
model. e, Dendrograms illustrating cluster analyses of the matrix of 
correlation coefficients between species pairs, among 18 sites; the 
similarity and correlation scales are equivalent. Species codes: 1, D 
(=the proportion of ground recently frost-disturbed); 2, Anten- 
naria monocephala; 3, Arenaria arctica; 4, Oxytropis nigrescens ; 
5, Diapensia lapponica, 6, grasses. {predominantly Hierochloe 
alpina); 7, Salix phlebophylla; 8, Loiseluria procumbens, 
9, Arctostaphylos alpina; 10, Dryas octopetala. 
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the direction expected by hypothesis. For SR, the heterogeneity 
is not significant; this is most probably due to insufficient sample 
size. The index of SD used here is strongly influenced by 
evenness***', and so evenness (SD/SR), not unexpectedly, 
follows the same relationship as SD to D. Second- and third- 
degree polynomials offer significant improvements in fit over a 
- linear model for SD as a function of D or In D. The analysis 
therefore conclusively rejects null hypotheses that SD is related 
to D and In D either nonsignificantly or by a purely linear 
model. Dryas cover is highly correlated with SD (r =—0,774, 
P<0.001, Fig. 1c) but not with SR (r = 0.038), indicating that 
dominance by this species is singularly instrumental in reducing 
diversity, and conversely that breaking up of Dryas mats by frost 
action is crucial to increased evenness of cover by other species. 

The parametric species richness may be the same for all the 
study sites; sampled SR will inevitably appear larger at inter- 
mediate-disturbance sites where greater evenness of relative 
abundances ensures that, on average, more species will occur in 
small samples. Parametric SR (such as Sr of May’), the 
theoretical maximum number of species in a community, is 
usually underestimated by sampled SR. The effect of D on 
sampled SR is shown using Horn’s’ relay-succession model, 
with Sr fixed and D influencing only evenness. Sample estimates 
for both SD and SR were made numerically by sampling the 
stationary distribution’, 


ptoK(1-K)*”, i1,2,...8-1, ph=(1-K)*" 


For each value of K, random samples of N= 10 and N=100 
were taken 50 times and the 50 results averaged to obtain the 
sample estimate for that K and N. Here p? represents the 
average relative abundance of species /; S=S;=10; and K is 
an arbitrary parameter, 0< K <1, governing the evenness of 
species abundances (K is equivalent to Horn’s? d/(d+e)). In 
Horn’s model, K increases monotonically with disturbance, and 
SD (evenness) is maximized at intermediate K. Figure 1d shows 
that a unimodal curve is expected for SR, with a peak flattening 
out and moving left as Sr is reached in sufficiently large samples. 
Although K is nonlinearly related to D, there is a 1:1 relation- 
ship between the K and D axes in Fig. 1. This simulation 
demonstrates that the general shape of the sampled SR-D curve 
provides no evidence that $r is influenced by D, although that is 
one claim of the disturbance hypothesis. Figure 15 therefore 
provides no evidence that the SR component of SD is affected 
by D. D may be affecting only the evenness component of SD, 
but more detailed study is required to confirm this. The 
theoretical problem of how disturbance influences S; remains 
unexplored in any rigorous sense. 

Finally, the fellfield data are consistent with a microsuc- 


cessional process. The matrix of species x species correlation - 


coefficients (based on species relative abundances for the 18 
sites) exhibits an ordered, non-random pattern best revealed by 
cluster analysis”. In Fig. 1e, there is marked concordance 
between the two extreme clustering methods (single and 
lete linkage), and a pronounced serial hierarchy or chain- 
ing appears in the dendrograms. The single linkage chain is 
unbroken from highest to lowest linkage; the probability of such 
a chain, assuming any one of a species’ S—1 correlations with 
other species may be its highest, is (S ~2)!/((S —1)*~°), in this 
case (S = 10), P=0.008. A species’ highest correlation is not 
‘necessarily with the one to its immediate left, suggesting that 
successional trajectories are more variable or complex than 
those of simple relay succession?. The evident hierarchy in 
correlation among species would be expected in a collection of 
samples from a fairly simple successional mosaic, rather than 
from an assemblage of mature communities. 
I thank Drs F. S. Chapin M and M. W. Oswood for valuable 
criticisms and suggestions about the manuscript. 
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Isozyme analysis indicates that 
a virulent cereal rust 
pathogen is a somatic hybrid 


J. J. Burdon*, D. R. Marshall* & N. H. Luigt 


* Division of Plant Industry, CSIRO, Canberra, ACT, Australia 
t Plant Breeding Institute, University of Sydney, Sydney, 
New South Wales, Australia 


Somatic hybridization between formae speciales or different 


strains of the same forma specialis of cereal rusts has often been 
implicated in the origin of new viralence combinations’ ”, It has 
been suggested“ that somatic hybridization between Paccinia 
graminis f.sp. secalis (rye stem rust) and P. graminis fsp. tritici 
(wheat stem rust) has given rise to hybrids virulent on roagh 
wheat grass, Agropyron scabrum, and on barley in Queensland, 
Australia. This hypothesis is supported by differences in the 
viralence characteristics of the hybrids and the putative parental 
strains. To date, verification of the origin of the hybrids 
(scabrum rusts“) has not been possible. Here we report that 
tsoxyme differences between f.sp. secalis and f.sp. tritici pro- 
vide evidence that scabram rusts are natural somatic hybrids. 

Isolates of rye stem rust, wheat stem rust and their putative 
hybrids were collected in the same geographical region on Secale 
cereale, Triticum aestivum and A. scabrum (a mutual host for all 
three types) respectively. Putative hybrids were identified by 
their virulence characteristics on selected cultivars of rye and 
wheat’. Individual isolates were grown in isolation on suitable 
hosts and the isozyme banding pattern of several enzymes was 
studied by separating extracts of germinating urediniospores by 
horizontal starch gel electrophoresis® and then specifically 
staining the gels for esterase (EST), glutamate dehydrogenase 
(GDH), glutamate oxalo-transaminase (GOT), leucine amino- 
peptidase (LAP), malate dehydrogenase (MDH), NADH 
diaphorase (NADHD) and phosphoglucomutase (PGM). The 
buffer systems and staining procedures have been described 
elsewhere’ *. Eleven, twenty and fourteen different isolates of 
f.sp. secalis, f.sp. tritici and their putative hybrids were examined 
respectively. 

Of the enzymes investigated, no differences were detected 
between the isozyme banding patterns of GDH, GOT and 
MDH. Each was characterized by a single, invariant band, This 
result is consistent with previous evidence that f.sp. secalls and 
f.sp. tritici are closely related®’°. 

When taken together, the isozyme patterns for NADHD and 
LAP provide strong support for a hybrid origin of the scabrum 
isolates. For LAP, all putative hybrids have an isozyme pheno- 
type identical to f.sp. secalis, while for NADHD all putative 
hybrids are identical to f.sp. tritici (Table 1). 

Similarly, the results obtained with the PGM system supporta 
somatic hybrid origin. 10 of the 11 f.sp. secalis isolates had a 
very slowly migrating band not found in the f.sp. mitict isolates 
(Table 1) and yet 10 of the 14 scabrum types possessed this band. 
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Table 1 Diagrammatic representation of the diagnostic isozyme 
banding patterns for Puccinia graminis f.sp. tritici, f.sp. secalis and their 
putative somatic hybrids 


AARON MARSA A 





Pathogen 
Isozyme P. graminis P. graminis 
system tritici Putative hybrid secalis 
or or 
EST oe rom 
(20) (10) (4) (1) (10) 
LAP oa — — 
(20) (14) (11) 
NADHD = — 
(20) (14) (11) 
or or or or 
PGM n — — — 


(20) (4) (6) (3) d) (D (10) 





Figures in parentheses are the numbers of each phenotype. 


Moreover, all the wheat stem rust isolates possessed a band of 
intermediate mobility not present in any of the f.sp. secalis 
isolates, but present in 13 of the 14 putative hybrids. Finally, in 
the scabrum types, the enzyme banding patterns for EST and 
PGM are inversely correlated. All scabrum types possessing the 
f.sp. secalis three-banded EST pattern have the f.sp. tritici PGM 
pattern. On the other hand, all putative hybrids with the unique 
f.sp. secalis PGM slow band have the same EST pattern as f.sp. 
tritici. 

The occurrence and constancy of the inverse correlation 
between the f.sp. secalis and f.sp. tritici EST and PGM banding 
patterns in the putative hybrids and the distribution of the LAP 
and NADHD patterns clearly confirm the postulated hybrid 
origin of the scabrum types**. There are three possible 
explanations for the observed inverse correlations among the 
enzyme systems: (1) the enzyme variants themselves are under 
intense selection and determine the survival of pathogen bio- 
types on particular hosts; (2) the aorrelated enzyme variants are 
closely linked with each other and a third locus, such as an 
avirulence/virulence locus which is under intense selection; or 
(3) the hybrids represent the products of whole nuclear 
exchange which limits the number of potential recombinant 
types. The first of these possibilities opposes a substantial body 
of literature’! which discounts the possibility of strong selective 
pressure on individual isozyme variants per se. Similarly, the 
second possibility can be discarded on the basis of our unpub- 
lished work which indicates, within a forma specialis, little 
correlation between isozyme variants and virulence characters. 
Thus considering the dikaryotic nature of these rusts, it would 
seem that whole nuclear exchange provides the most satisfactory 
explanation for the observed isozyme correlations. Evidence has 
previously been obtained”? for whole nuclear exchange in the 
formation of somatic hybrids in other Puccinia species. 

Regardless of the mechanisms involved, the present study 
suggests that somatic hybridization occurs between different 
formae speciales of Puccinia. lsozyme marker loci clearly pro- 
vide a simple and reliable way of detecting such hybrids. Appli- 
cation of this technique to different races of the same forma 
specialis should provide evidence concerning the relative 
frequency and importance of this mechanism for producing 
races with new combinations of virulence. 
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Direct measurement of the force 
of microtubule sliding in flagella 
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The movement of eukaryotic cilia and flagella is caused by 
ATP-driven active sliding between the doublet microtubules’, 
and the force for the sliding is believed to be generated by the 
dynein arms of the A-tubule interacting with the B-tubule of the 
adjoining doublet. To understand the mechanochemical basis of 
this force-generating reaction and to correlate it with the overt 
motile behaviour of cilia or flagella, it is important to quantify 
the force exerted by the dynein arms. Attempts have been made 
to estimate this force from the bending moment generated by 
the whole organelle**, but the estimation was of necessity 
hypothetical because the mechanism by which sliding is coupled 
with bending is poorly understood. Microtubule sliding without 
bending can be induced in vitro if trypsin-’* or elastase°-treated 
axonemes are perfused with a solution containing ATP. By 
attaching glass microneedies to such axonemes, we have now 
directly determined the sliding force at various ATP concen- 
trations. 

Sea-urchin (Hemicentrotus pulcherrimus) sperm was 
demembranated with Triton X-100’. A single sperm was then 
attached at two sites to a pair of polylysine-coated glass micro- 
needles? mounted on micromanipulators (Figs 1a, 2a). One of 
the needles was relatively stiff, with a sharply tapered tip and was 
used to hold one end of the axoneme. The other needle was 
more flexible and was used to measure the sliding force. The 
compliance of the needle had been determined by a cross- 
calibration with a needle of a known compliance. Usually, 
needles with an elastic coefficient of ~100 pN ym‘ were selec- 
ted for the experiment. 

When the demembranated sperm was perfused with a solu- 
tion containing ATP and elastase, it was at’first reactivated to 
beat. After about 1 min, however, the beating stopped and the 
axoneme subsequently underwent a process of sliding disin- 
tegration. In many cases, as the microtubules slid over each 
other, the flexible needle was pulled towards the stiff needle 
(Figs 1,2). The movement was not always smooth: often the 
needle stopped temporarily, or moved back and then moved 
forwards again. It is possible that these distinct pulls represent 
sliding between different pairs of doublets. However, in a few 
cases the flexible needle moved back and forth more than nine 
times, indicating that in our experimental conditions, sliding can 
occur more than once between a pair of doublets. The move- 
ment of the needle was recorded with a 16-mm cine camera, and 
the force was measured from the film as the elastic displacement 





Table 1 Maximal sliding force developed in various concentrations 


of ATP 
ATP 
concentration Force +s.d. Range 

(pM) (x107' TN pm™’) n (x10° Num) 

4 2.040.7 21 0.85-4.1 

20 2.84 1.8 22 0.56-8.8 

200 3.54 1.8 28 1.1-8.9 

509 STEL 5 3.8-8.3 
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Fig. 1 Diagrams illustrating the principle of the experiment. 
Spermatozoa of the sea urchin, Hemicentrotus pulcherrimus, were 
demembranated with the extracting solution (0.15 M KCI, 4.0 mM 
MgSO,, 0.5 mM EDTA, 2.5mM CaCl, 0.04% Triton X-100, 
1.0 mM dithiothreitol, 10 mM Tris, pH 8.0) and stored for upto 1 h 
in the reactivating solution without ATP (0.15 M KCI, 2.0 mM 
MgSO,, 2.0 mM glycoletherdiamine-N,N,N',N'-tetraacetic acid, 
1.0 mM dithiothreitol, 10 mM Tris, pH 8.0) at 0°C. Experiments 
were performed at 20+1°C. a, The demembranated sperm was 
attached at two sites to a pair of microneedles—a stiff needle (left) 
and a flexible needle (right). It was perfused first with the reactivat- 
ing solution containing ATP and then with the solution containing 
both ATP and elastase (10 ug ml‘). The latter solution induced 
sliding disintegration of the axoneme within about 1 min. In many 
cases the flexible needle was pulled towards the stiff needle as a 
result of microtubule sliding in the portion of the axoneme between 
the needles. AL is the displacement of the flexible needle, L is the 
initial distance between the two needles. b, c, d, Frequently, 
microtubules were observed to loop out from the axoneme. 


of the needle; the maximal force is the force measured when the 
needle stopped in a fully pulled position. 

The maximal force generated by a single dynein arm was 
calculated by the equation f= kAL/n(L—AL), where k is the 
elastic coefficient of the flexible needle, n the number of dynein 
arms per unit length of the doublet (here assumed to be 83 per 
ym)”, L the initial distance between the two glass microneedles 
and AL the maximal displacement of the flexible needle towards 
the stiff needle (Fig. 1a). The equation assumes that the force is 
generated along the whole length of one doublet between the 
microneedles—admittedly a rough assumption. In some cases 
microtubules were observed to loop out from the axoneme (Fig. 
1b-d); f may then be underestimated because the true length of 
the force-generating region may be less than L — AL. In contrast, 
f will be overestimated if the sliding force is generated 
effectively in more than one interdoublet sites at the same time. 
Close observation of the sliding process indicated, however. that 
the latter case, which requires precisely synchronized Sliding at 
two or more interdoublet sites, was rather unlikely. 

The maximal force developed by a unit length of doublet 
microtubules was determined in four different ATP concen- 
trations (see Table 1). As our procedure tends to underestimate 
the force, the largest value obtained in each ATP concentration 
seems to be closest to the true value. In this respect, it is 
interesting that the largest values are about the same in ATP 
concentrations between 20 and 500 uM. By using these values, 
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Fig.2 Prints from a 16-mm cine film, showing a movement of the 
flexible needle attached to an axoneme as in Fig, 1. The flexible 
needle (right) had an elastic coefficient, k, of 1.9x10°'° N um’ 
a, Before the onset of movement. Photographed with increased 
illumination to show, between the needles, the axoneme which 
cannot be seen with the light intensity suitable for the needles. b, c. 
The flexible needle is pulled towards the stiff needle. d, The stiff 
needle with the attached axoneme was removed to show the 
position of flexible needle at zero force. The number at the bottom 


of each frame is a clock giving time in 0.1 s. Scale bar, 20 um. 
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Fig. 3 a, Displacements (AL) of the flexible needle in two 


experiments are plotted against time. @, Result obtained with a 
needle which had an elastic coefficient, k, of 18x10 N um 
The initial length of the axoneme between the needles (L) was 
38 um. O, Result with a more flexible needle (k=27x 
107"! N um`', L=36 um). ATP concentration, 200 uM. b, Rela- 
tionship between the sliding velocity and the load given to a unit 
length of the microtubule. Velocities were calculated by the least- 
squares method from every five dots in a. and replotted against 
load (=kAL/(L-AL)). Symbols are as in a. The velocity of 
unloaded microtubule sliding in trypsin-treated axonemes at 
200 uM ATP (unpublished) is shown by E 
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the maximal force per dynein arm is tentatively calculated to be 
about 1 pN. 

In our experiments, the load on the sliding microtubules 
slowly increases with the bending displacement of the flexible 
needle (Fig. 1a). By analysing the movement of the needle, 
therefore, the relationship between the load and the velocity of 
microtubule sliding can be determined. Figure 3a shows two 
examples of needle displacement (AL) plotted against time. 
From this, the sliding velocities were calculated by applying the 
least-squares method to every five successive points. The results 
are replotted against force per unit length of the microtubule in 
Fig. 3b, which shows that the sliding velocity decreases as the 
load increases. 

This is the first direct measurement of the sliding force in the 
dynein~tubulin system. Although our assumptions contain some 
uncertainties, it is interesting that the value we obtained 1s of the 
same order of magnitude as previous estimates of the maximal 
force (2-9 pN per dynein arm) made on less direct bases*”. It is 
also interesting that similar values (2-5 pN) have been obtained 
as an estimate of the sliding force generated by a myosin 
cross-bridge in the striated muscle'*"?. 
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Comparison of quantitative reasoning in nonhuman animals has 
suffered, on the one hand, from the methodological failure to do 
properly controlled studies of number (for review, recent 
examples and exceptions see refs 1, 2; 3, 4; and 5, 6 respec- 
tively), and on the other, from the conceptual failure to consider 
forms of quantitative reasoning other than number. An 
approach to mathematical reasoning may profit from the study 
of proportion, a continuous quantity, in addition to number, a 
discrete quantity. In the experiments reported here, an adult 
chimpanzee and four juveniles were tested for their knowledge 
of ‘proportion’ and ‘number’ with conceptual match-to-sample 
tasks. The juveniles failed but the adult successfully matched 
exemplars of the proportions 1/4, 1/2, 3/4 and 1, and the 
numbers 1, 2, 3 and 4, when the sample and alternatives were 
highly dissimilar physically (such as in shape, colour) and in 
other quantitative (for example mass, area, length) dimensions. 
The results reveal the presence of simple ‘proportion’ and 
‘number’ concepts in a nonhuman primate. 

The subjects were Sarah, an adult female chimpanzee, and 
four juveniles, three females and a male (Pan troglodytes), all 
African born and received in the laboratory as infants. All five 
animals had been trained previously in numerous tasks, but only 
Sarah had been trained in a simplified language’. As the non- 
language-trained animals could not be tested with 
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same/different judgements, we used match-to-sample, a 
paradigm on which all the animals were highly trained. In each 
trial, the subject was required to choose one stimulus, from a set 
of two, that was identical to the sample on a specified dimension. 
The stimuli were drawn from three classes of object: food items 
roughly spherical in shape (apple, grapefruit, potato; diameters 
5~15 cm), circular wood disks painted natural grey (2 cm thick, 
with diameters of 2.5-17.5 cm) and cylindrical columns of water 
tinted blue with food colouring (in Plexiglas jars, 8cm in 
diameter and 20 cm high, or metal measuring cups, 8.5 cm in 
diameter and 5 cm high). 

The same stimuli were used in both the proportions (1/4, 1/2, 
3/4, 1) and numbers (1, 2, 3, 4) tests. One or the whole object in 
the proportions test and ‘1’ in the number test were both 
represented by a single intact food item, disk, or container (jar 
for proportions, cup for numbers) filled to the brim with water. 
Exemplars of ‘1/4’, ‘1/2’ and ‘3/4’ were prepared by removing 
sections from foods or disks by vertical cuts, or in the case of 
liquids, by filling Plexiglass jars to the appropriate levels with 
water. Exemplars of ‘2’, ‘3’ and ‘4’ were constructed by arrang- 
ing sets of food or disks at random in 25-cm diameter metal 
bowls, or, in the case of liquids, by affixing metal cups of water to 
12x25 cm wood strips, for ease of handling by the subject. 
Figure 1 shows a photograph of the kinds of exemplar used in the 
experiment. 

In the first block of tests, all three stimuli per trial (one sample 
and two alternatives) were taken from the same class of object, 
either sections or sets of the same type of food item (phase 1), 
container of liquid (phase 2), or wood disk (phase 3). These trials 
were intended merely to familiarize the subjects with the stimuli 
and to ensure that they could distinguish between all the stimuli 
in each class of object. 

The critical testing began in the second block of tests, where 
the sample was always a liquid exemplar, whereas both alter- 
natives were either food items of the same type (phase 4) or 
wood disks (phase 5). In addition, the correct and incorrect 
alternatives were always equated for size (mass in the case of 
foods, surface area in the case of disks). Thus, the correct 
alternative could not be differentiated from the incorrect one on 
the basis of physical resemblance to the sample (size or amount, 
shape, colour and so on). Successful performance in these trials 
required accurate matching of the two exemplars differing in 
physical detail, but alike in proportionality or numerosity. 

Within each phase, sequences of trials with the proportional 
or numerical exemplars were presented in an ABBA design (18 
to 24 trials with exemplars of proportion, 36 or 48 trials with 
exemplars of numbers, and finally, 18 or 24 trials with exemplars 
of proportions). Exemplars of each of the four proportions and 
four numbers were presented as samples equally often in 
counterbalanced fashion. Left-right position of the correct 
alternative and type of food or size of wood disk was also 
counterbalanced across trials. On trials with a proportional 
sample, the incorrect alternative was selected from the set of 
three remaining proportions such that all exemplars appeared 
equally often during testing. Similarly, in trials with a numerical 
sample, the incorrect alternative was one of the set of three 
remaining numbers, each appearing equally often. 
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Table 1 Number of trials with a correct choice/total trials on the most 

difficult discriminations, between adjacent quantities, taken from 

within-class matching trials in phases 1, 2 and 3 (top) and from between- 
class matching trials in phases 4 and 5 (bottom). Data are for Sarah 





Adjacent quantities 


; , Proportions Numbers 
uo gs ak ee oe Se 
Trials from first 16/20 18/20 16/20 18/20 20/20 17/20 
test block 
Trials from second 13/14 12/14 12/14 12/14 12/14 13/14 
test block 
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All P< 0.05; binominal test. 
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Fig. 1 Physical arrangement of test stimuli during matching trials in phase 5 of the second block of tests. In a, Sarah is confronted with a liquid 


exemplar of ‘1/2’ on the white paper (the sample) and two wooden-disk alternatives, exemplifying ‘1/2’ and ‘3/4". In b, she chooses the ‘1/2’ disk 

and places it with the sample on the paper. In c, Sarah examines a liquid exemplar of ‘3’ on the paper, and two sets of wooden disks presented in 

metal pans, exemplifying ‘3’ and ‘4’. In d, she chooses the pan containing three disks and places it with the sample on the paper. (Both alternatives 

were presented in a cardboard box during the experiment proper. The photographs shown here were taken after the conclusion of the experiment 
and for illustrative purposes the box was removed.) 


Sarah was tested in her home cage with a procedure that 
controlled for inadvertant social cues*. A standard control for 
social cues was used with the juveniles. An opaque barrier 
separated the two trainers such that the trainer presenting the 
sample could not see the alternatives, and conversely, the trainer 
presenting the alternatives could not see the sample; only the 
subject could see both the sample and alternatives. Sessions 
consisted of 12 or 18 trials, separated by inter-trial intervals of 
~ 1 min, and were conducted five times per week. 

In the first block, Sarah responded correctly in a significant 
proportion of all trials with proportional or numerical exemplars 
from each class of object. Her overall matching scores (number 
of correct/total trials) with proportional exemplars were 35/36, 
32/36 and 39/48 in phases 1, 2 and 3 respectively. Her cor- 
responding scores with numerical exemplars were 31/36, 32/36 
and 48/48 (all P <0.001, binominal test). The data in Table 1 
show her performance in the most difficult discriminations, 
those between exemplars of adjacent quantities (1/4 versus 1/2, 
1/2 versus 3/4, 3/4 versus 1: 1 versus 2. 2 versus 3, 3 versus 4). 
Sarah responded at levels significantly above chance to all 
adjacent pairs, equally for proportions and numbers. 

The juveniles responded in a similar manner, for example, 
except for one animal in phase 1, they responded correctly ina 
significant proportion of all trials with proportional or numerical 
exemplars from each class of object. However, they were less 
accurate than Sarah and their inaccuracy was especially 
apparent in the adjacent discriminations. They all discriminated 
3/4 from 1, but only two of them discriminated 1/4 from 1/2 
and none discriminated 1/2 from 3/4. They performed even 
worse with adjacent number pairs. For example, in some sub- 
jects, ‘runs’ of consecutive correct responses for judgements of 
the number either failed or took longer to appear. Pairwise 
comparisons of the number of trials to the beginning of a run in 
proportionality with that in numerosity trials showed a 
significant difference (paired t-test = 3.29, d.f.= 14, P<0.01). 

Although Sarah and the juveniles responded similarly in the 
first block of tests (where the sample and correct alternative 
could be matched in terms of physical appearance), they did not 
respond in the same way in the second test block (where the 
sample and correct alternative could not be matched in terms of 
physical appearance). The juveniles failed all phases of the 
second test block, whereas Sarah continued to respond at levels 
significantly above chance. Her overall matching scores with 
proportional exemplars were 26/36 and 42/48 in phases 4 and 5 
respectively, and with numerosity exemplars, 30/36 and 41/48 
(all P<0.01, binominal test). Indeed, she responded at levels 
exceeding chance from the very first trial of each phase, showing 
a significant ‘run’ of consecutive correct responses beginning in 


trial 1 (phase 4; proportions, 10 of the first 10 trials correct; all 
P<(.01, Grant's runs test). Lastly, the data presented in Table 
| indicate that in the adjacent-pair discriminations, Sarah per- 
formed at the same high level in the second block of tests as she 
had in the first block, and did so both for proportionality and 
number. 

Is it possible that Sarah’s strong performance was based not 
on the concepts of number and proportion, but simply on having 
learned to associate particular samples and alternatives? To 
assess this possibility, we examined her choices in the first trial 
with each of the four proportions and four numbers in phases 4 
and 5 (total of 16 trials). Sarah chose correctly in 8/8 propor- 
tionality trials and 8/8 numerosity trials (both P<0.01: 
binominal test). These first-trial data rule out the possibility that 
she learned simply to choose the correct alternative for each 
type of sample and, together with the fact that she showed a 
significant run of consecutive correct responses beginning with 
the first-trial in each between-class test. strongly support the 
conclusion that Sarah matched stimuli on the basis of propor- 
tionality and numerosity in the critical second test block. 

What mechanisms does the chimpanzee use in making quan- 
titative judgements, and are they like those used by humans? 
Although judgements of ‘small’ numerosities like those used 
here are ordinarily attributed to subitizing’—immediate 
perceptual apprehension’ of numerosity—children are known to 
count at an earlier age than previously supposed. They often 
count with a series that is idiosyncratic, such as 2, 6, 4, but which 
nonetheless is ordered, set into 1:1 correspondence with the 
items counted and used with the cardinality rule'’. That is, the 
young child's use of, for example, ‘2, 6, 4, may be as correct as 
the older child’s use of ‘1, 2, 3°. There is no comparable evidence 
for the ape, and although the ape may yet be taught to count, this 
has not been achieved so far. 

One may subitize or see at a glance that two small numerosi- 
ties are the same, but how does one see at a glance that, for 
example, 3/4 apple is the same as 3/4 column of water? It has 
not been established how proportionalities like those used here 
are judged by humans; a minimum requirement is that one be 
able to recognize the relationship between the part and whole in 
each of the cases compared. Then, one can proceed in one of the 
two directions: (1) label corresponding part—whole relationships 
the same, for example, call 1/4 apple and 1/4 column of liquid 
‘quarter’, or (2) use a process of reasoning akin to analogy. For 
example, to match 1/4 apple to 1/4 column of liquid, one must 
appreciate that the relationship between the observed apple 
section (x) and the whole apple (X) from which it came is the 
same as that between the partially filled jar (y) and the 
completely filled jar ( Y) from it which was derived (that is. x is to 
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X as y isto Y). The analogy may be considered more difficult 
because neither X (whole apple) nor Y (filled jar) is physically 
present and, therefore, must be inferred. Nevertheless, the 
possibility that Sarah reasoned in this manner here is in keeping 
not only with previous results showing her inferential ability 
with other quantitative properties’’, but also more recent data 
from our laboratory showing explicitly that she is capable of 
analogical reasoning’’. It seems unlikely that she could have 
taken the alternative approach, a common label, because she 
had not been taught names for any of the proportions. 

This work was supported by NSF grant BNS 77~16853 and 
NIH Program Project grant PO1 HD10965-4 to D. P. We thank 
K. Kennel for collecting the data. 
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We have previously established that dissociated mesencephalic 
dopaminergic (DA) neurones from embryonic mouse differen- 
tiate in primary cultures and that their development is enhanced 
when they are grown in the presence of their target cells from the 
striatum'~*. The capacity of individual DA neurones to take up 
and synthesize “H-DA was increased in co-culture. This 
phenomenon does not depend on the presence of glial cells 
because it also occurred in serum-free conditions in which glial 
development was largely impaired‘. Therefore, striatal target 
neurones favour the maturation of afferent DA neurones. 
Diffusible or membrane-bound factors could be involved in this 
process. To test one of these possibilities, we have now 
examined the in vitro development of embryonic mesencephalic 
DA neurones exposed to striatal membranes isolated from 
postnatal mice at various ages. “H-DA uptake was used as an 
index of maturation of the DA neurones”. We show that striatal 
membranes from 2- and 3-week-old animals stimulate the 
development of DA neurones. The finding that this effect was 
not seen with membranes from 1-week-old or adult animals 
suggests that a developmentally regulated membrane-bound 
‘factor’ is probably involved. This factor seems to be specific for 
the DA neurones. 

When dissociated mesencephalic cells from 13-day-old 
mouse embryos were cultured for 3 days in the presence of crude 
membranes from 2- or 3-week-old mouse striatum, “H-DA 
uptake capacity of the DA neurones was strongly stimulated 
(Fig. 1). Two control experiments confirmed that this effect, 
which increased with the concentration of membrane used, 
cannot be attributed to a specific or nonspecific binding of 
3H-DA to added membranes. First, when striatal membranes 
from 3-week-old animals were mixed with striatal cells from 
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Fig. 1 Effects of striatal membranes prepared at various ages on 4H-DA 
uptake in mesencephalic DA neurones. Dissociated embryonic mesence- 
phalic cells from 13-day-old Swiss mouse embryos were prepared as pre- 
viously described* with the following modifications. Polyornithine 
(1.5 pg mlt, Sigma) coated multiwell tissue culture plates (Falcon) were 
used and antibiotic concentration in the culture medium was raised (5 TU and 
5 pg ml’, respectively, for penicillin G and streptomycin). Membranes were 
prepared by gentle homogenization of fresh brain tissue (~10 mg) with a 
Kontess potter. The homogenization buffer (1 ml) was composed of 5x 
10°? M Tris-HCI pH 7.4, 32x 10°? M sucrose, 10°* M magnesium, 10°°M 
calcium, 10°°M §-mercaptoethano!l and 10% fetal calf serum. Homo- 
genized membranes were spun at 30,000g for 1h at 4°C. The pellet was 
resuspended in 1 ml of serum containing culture medium and recentrifuged 
for 1 hat 30,000g and 4°C. The supernatant was discarded and the pellet 
resuspended in the same medium was used as the source of crude 
membranes. No stimulatory activity was found in either supernatant. 
Mesencephalic cells (600,000 per well) were mixed with various quantities of 
membranes (0-25 yl} and plated in serum-complemented medium. The 
total volume of medium per well was adjusted to 0,3 ml. The protein content 
of crude membrane preparations was measured according to Lowry’, 
7H.DA uptake was estimated after 3 days in culture. Cells were incubated 
for 5 min at 37°C in 0.25 ml phosphate buffer containing 3.3x10°7M 
glucose, 10°°M magnesium and 10°* M calcium (complete PBS) in the 
presence of 5x 10°85 M *H-DA (15 Ci mmol”’, Amersham}. The cells were 
then rinsed three times with cold complete PBS and the quantity of radioac- 
tivity accumulated in tissues was determined as previously described’. 
Results are expressed as per cent of control values (without membrane). 
Each value is the mean +s.e.m. of data obtained with four cultures, * P< 
0.05 when compared with respective control values (Student's t-test). 


15-day-old embryos and *H-DA uptake was estimated after 3 
days in culture, °H-DA uptake or binding was negligible in the 
absence of mesencephalic DA neurones (inc.p.m.: 59+ 2, 5943 
and 69+6 for 0, 13 and 26 pg of membrane protein, respec- 
tively). Second, as expected, total “H-DA accumulation in 
cultures of mesencephalic cells with striatal membranes was 
reduced to background level (60 c.p.m.) in the presence of 
benztropine (5 x 10°’ M), a specific inhibitor of DA uptake in 
DA neurones, compared with a °H-DA uptake value of 280+ 
30c.p.m. in the absence of benztropine. The benztropine- 
induced reduction in “H-DA uptake occurred regardless of the 
concentration of membranes used (in c.p.m.: 83412, 74+10, 
82+4 and 99+8 for 0, 10, 20 and 25 pug of membranes, 
respectively). We therefore conclude that the stimulatory effect 
of striatal membranes from 2- and 3-week-old mice on “H-DA 
accumulation is related to an enhanced “H-DA uptake capacity 
of mesencephalic cultures. This effect on “H-DA uptake disap- 
peared when the striatal membranes were denaturated at 90°C 
for 10 min or prepared in the absence of fetal calf serum which is 
known to inhibit proteolytic activity. These observations suggest 
that the membrane-bound factor implicated is partially proteic 
in nature. Interestingly, this factor seems to be developmentally 
regulated because, in contrast to membranes from 2- and 3- 
week-old mice, striatal membranes from 1-week-old or adult 
animals did not stimulate the “H-DA uptake capacity of 
mesencephalic DA neurones. 

To demonstrate that striatal membranes from 2- and 3-week- 
old animals exert a specific stimulatory effect on the maturation 
or survival of DA neurones and not a general action on the 
overall neuronal population, we analysed the responsiveness to 
the striatal membranes of neurones containing y-aminobutyric 
acid (GABA), which are also present in our mesencephalic 
cultures. For this purpose, '‘“C-GABA and “H-DA uptakes 
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were simultaneously estimated in mesencephalic cells which had 
been cultured for 3 days with various concentrations of striatal 
membranes from 3-week-old animals. Incubations were per- 
formed in the presence of B-alanine (5x10°*M), which 
prevents '“C-GABA uptake into glial cells (the total uptake was 
reduced by 40%), and it was verified in one experiment that 
remaining ‘“C-GABA uptake (171 +22 c.p.m.) was completely 
abolished (18+2¢.p.m., n=4) in the presence of L-2,4- 
diaminobutyric acid (10°* M), a specific inhibitor of GABA 
neuronal uptake“. As described above, striatal membranes 
enhanced the “H-DA uptake capacity of mesencephalic DA 
neurones but, at all concentrations of striatal membranes used, 
had no significant effect on the capacity of GABA neurones to 
take up “C-GABA (Fig. 2). Results obtained in 14 experiments 
are shown in Fig. 3. For comparison, the stimulatory effect per 
10 ug of membrane protein was expressed as per cent of control 
values (without membranes) for *“H-DA and '*C-GABA 
uptakes. Although “H-DA and “C-GABA uptake capacities of 
mesencephalic cells varied between experiments, the stimula- 
tory effect of striatal membranes was always much greater on 
“H-DA than on “C-GABA uptake. This is well illustrated by 
the increase in the *H-DA/'*C-GABA ratio calculated in each 
experiment (expressed as per cent of the control value obtained 
in the absence of striatal membranes). These data indicate that 
the DA and GABA mesencephalic neurones respond 
differently to the presence of striatal membranes. It remains to 
be established whether this is also the case for aminergic 
neurones other than DA neurones. 

To test further the specificity of striatal membranes in stimu- 
lating the development of mesencephalic DA neurones, we 
analysed the effects of membranes prepared from other brain 
structures poorly or non-innervated by DA neurones. Parallel 
experiments were performed with various concentrations of 
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Fig.3 Comparison of the effects of membranes from the striatum and from 
other brain structures on “H-DA and ‘“C-GABA uptake in mesencephalic 
cells. “H-DA and “C-GABA uptake was estimated simultaneously as 
indicated in Figs 1 and 2. Cells were grown in the presence of striatal ($, 
hippocampal (J), cortical (parietal) (4), mesencephalic (©) or cerebellar (O) 
membranes, The effects of 10 ug of membrane proteins on *H-DA and 
‘*C-GABA uptake were expressed in per cent of respective control values 
(without membranes}. Results obtained in each experiment (1-14) are 
illustrated by a line joining respective “H-DA and “C-GABA values. The 
numbers allow us to compare experiments mace on the same day with the 
same preparation of mesencephalic cells but cultured in the presence of 
different types of membranes. The values of “H-DA/'*C-GABA uptake 
ratio calculated in each experiment for cultures made with striatal (@) of 
other types (©, (5, A, ©) of membranes are represented in the right panel, In 
each case, results are expressed in per cent of respective control values. 


Fig. 2 Differential effect of striatal and hippocampal membranes on *H- 
DA and “C-GABA uptake. 3H-DA and “C-GABA uptake studies in 
3-day-old mesencephalic cultures were performed on the same cultures. 
Cells were incubated and treated as for °H-DA uptake (Fig. 1), but the 
incubation mixture was completed with 10°7M '“C-GABA (226 mCi 
mmol™’, Amersham) and 5 x 107* M @-alanine. *H-DA/#*C-GABA uptake 
ratio was calculated in each culture done either with striatal or hippocampal 
membranes. Each value is the mean +s.e.m. of data obtained with four 
cultures. * P<0.05 when compared with respective control values. 
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membranes from the hippocampus, which is practically devoid 
of DA innervation, and striatum of 2- or 3-week-old animals, 
measuring “H-DA and '*C-GABA uptake capacities of mesen- 
cephalic cells and the °H-DA/'*C-GABA ratio in each culture. 
In contrast to results obtained with striatal membranes, no 
increase in *H-DA uptake was observed with most concen- 
trations of hippocampal membranes used (Fig. 2). The slight but 
significant increase in “H-DA uptake observed with the highest 
membrane concentration (22 pg protein) was associated with a 
parallel effect on ““C-GABA uptake. Thus, whatever the 
concentration of hippocampal membranes used, the °H- 
DA/**C-GABA ratio was never affected. This is very different 
from the situation with striatal membranes. A similar lack of 
effect was obtained with hippocampa! membranes prepared 
from newborn, 1-3-week-old or adult animals (data not shown). 

We also tested the effect of membranes from other brain 
structures, devoid of DA nerve terminals, from 2- or 3-week-old 
animals. Several experiments were carried out in parallel using 
striatal membranes as a reference (Fig. 3}. In most Cases, as 
observed for hippocampal membranes, cerebellar, parietal 
cortical or mesencephalic membranes did not affect differently 
*H-DA and '*C-GABA uptake capacities of mesencephalic 
cells. The “H-DA/"*C-GABA ratio caleulated in each case did 
not differ significantly from respective control values (obtained 
without membranes). In one experiment only (expt 10), 
although a high *“H-DA/'*C-GABA ratio was seen with hippo- 
campal, cerebellar and cortical membranes, striatal membranes 
were still more efficient in stimulating the maturation of the DA 
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Table 1 Comparisons of the effects of various striatal membrane concentrations 
on *H-DA uptake and the number of DA neurones in mesencephalic cultures 





jug striatal 37H-DA uptake 


membrane 3H-DA uptake (c.p.m. per 
proteins (c.p.m.} DA cell no. DA cell) 
Q 4094+71 9544+154 0.428 
4 §43 +39 1,083 + 116 0.501 
8 579116 1,11657 0.519 
12 701 + 58* 1,099 + 121 0.637 
16 734+ 105* 1,207+4 141 0.608 
20 S00 + 28* 1,146 +58 0.698 





3H-DA uptake determination was performed as described in Fig. 1 legend. For 
autoradiographic studies, cells were incubated for 1h at 37°C in the presence of 
5x 107? M 7H-DA and treated as described previously*. Each value is the mean 
+s.e.m. of data obtained with four cultures. 

* P<0.05 when compared with respective control values, 


neurones. A y’ distribution test performed on “H-DA/“C- 
GABA ratios obtained with striatal membranes and pooled 
other membranes (including expt 10) showed the significance of 
the bipartition to be very high (P<0.001). Therefore, striatal 
membranes from 2- or 3-week-old mice induce a specific stimu- 
latory effect on the maturation of DA neurones, not shared by 
membranes originating from other structures containing few or 
no DA nerve terminals. 

The specific stimulatory effect of striatal membranes on `H- 
DA uptake in mesencephalic cultures could reflect either an 
increased number of DA neurones or an enhanced capacity of 
each DA cell to take up “H-DA. Therefore, sister cultures of 
embryonic mesencephalic cells grown for 3 days in the absence 
or presence of increasing concentrations of striatal membranes 
from 3-week-old mice were used to estimate in parallel “H-DA 
uptake capacity and the number of DA neurones, by biochemi- 
cal and autoradiographic analysis, respectively, As shown 
before, striatal membranes stimulated “H-DA capacity but the 
total number of DA cells in the cultures was not significantly 
modified whatever the concentration of membranes used (Table 
1). A complementary experiment revealed that this enhanced 
capacity was due to a higher number of DA uptake sites per cell 
and not to a change in the affinity of DA for the membrane 
carrier (with and without membrane, respectively: Vmax 0.25 
and 0.16 pmolmin™; Km, 2.2x10°7M and 1.9x107 M). 
These results may reflect an increase in the density of uptake 
sites. However, as the number of uptake sites is generally used as 
an index of the extent of innervation, it can be proposed, as we 
did in our previous studies’, that the development of neurites 
per individual DA cell is enhanced in the presence of striatal 
membranes. 

We conclude that striatal membranes from 2- and 3-week-old 
mice bear a factor(s) exhibiting protein properties which favour 
the early increased growth of mesencephalic embryonic DA 
cells in primary culture. Several findings suggest that the stimu- 
latory effect of striatal membranes on DA neurone development 
is specific. (1) It is not observed with striatal membranes from 
{-week-old or adult animals and therefore seems to be 
developmentally regulated, as described for the parasym- 
pathetic cholinergic factor’. (2) It does not occur with embryonic 
mesencephalic GABAergic neurones. (3) Hippocampal, cere- 
bellar, cortical (parietal) and mesencephalic membranes are 
without significant action on the maturation of mesencephalic 
DA neurones. These latter findings are reminiscent of 
morphological observations made on aggregate co-cultures 
which revealed a preferential orientation of mesencephalic DA 
fibres towards cells of the striatum over those of the occipital 
cortex’. 

It remains to be established whether the striatal membrane- 
bound factor revealed here is also responsible for the stimula- 
tory effect of 15-day embryonic striatal cells on DA neurone 
development demonstrated in our previous co-culture experi- 
ments'*. This may not be the case because striatal membranes 
from 1-week-old mice did not enhance the maturation of DA 
cells. However, it can be speculated that direct contacts between 
DA and striatal neurones could induce an earlier expression in 


vitro of the membrane-bound factor at the surface of embryonic 
striatal cells. Indeed, in vive, the stimulatory effect of striatal 
membranes only appears during the second and third week of 
postnatal life, when contacts between DA nerve terminals and 
striatal cells are greatest. If this latter hypothesis is correct, it can 
be inferred that the membrane-bound factor originates from 
neurones and not from glial cells, because the stimulatory effect 
of striatal cells on mesencephalic DA neurones has also been 
observed in culture conditions impairing the development of 
glial cells (glial cells reduced by >95°%), 

As suggested by experiments revealing the specific recog- 
nition of the tectum by growth cones of retinal ganglion cells”, 
the striatal membrane-bound DA factor could provide specific 
recognition sites favouring the ingrowth of the DA fibres in the 
striatum. Because, in contrast to 3-week-old striatal 
membranes, membranes from adult animals did not enhance the 
maturation of DA neurones, it can be suggested that the 
membrane DA factor disappears once DA innervation 1s 
complete. As with nerve growth factor, the synthesis of the DA 
factor by striatal cells could be reinitiated after partial or 
complete removal of DA afferent fibres in adult animals. Such a 
mechanism could explain the reinnervation of deafferented 
adult striatal neurones by mature or grafted embryonic DA 
cells 7, 
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Glutamate (Glu) and aspartate (Asp) are considered to be 
major excitatory neurotransmitters in the central nervous 
system’, but since the Jasper and Koyama report’, the release of 
endogenous Glu or Asp on stimulation of an appropriate path- 
way in vivo has received little attention. They have been pro- 
posed as transmitters in the optic nerve of the pigeon (Columba 
livia)™". We now report that, using a push-pull cannula tech- 
nique, the concentrations of Glu, Asp, glycine (Gly) and y- 
aminobutyric acid (GABA) have been determined by mass 
fragmentography in perfusates from the optic tectum on elec- 
trical stimulation of the optic nerve or of the midbrain nucleus 
isthmi, pars parvocellularis (Ipc). Optic nerve stimulation 
markedly increased the content of Glu and Asp in the perfusate 
whereas stimulation of the nucleus Ipc was ineffective. The 
amount of GABA collected was increased only during Ipc 
stimulation. We conclude that Glu, Asp or related substances 
are involved in the transmission of the pigeon optic nerve 
terminals. 
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Glu and Asp have been proposed as transmitters in the pigeon 
optic nerve on the basis of the following evidence. Degeneration 
of the optic nerve results in a decreased content of Glu (50% ) 
and Asp (40%) in the terminal layers of the optic nerve in the 
tectum’. The high-affinity uptake of Glu is reduced by 40-50% 
after optic nerve degeneration*. The degeneration of retino- 
tectal neurones has a protective effect on kainic acid histotoxi- 
city in the optic tectum’. *H-D-Asp, used as a possible false 
transmitter for Glu and Asp, is transported retrogradely and 
anterogradely in a subpopulation of optic nerve fibres’. 
Furthermore, after intraocular injection of *H-D-Asp, the 
activity, which migrated anterogradely to the tectum, can be 
released by depolarization with 47 mM potassium in a Ca- 
dependent manner’. 

The role of excitatory amino acids in optic nerve terminals of 
the pigeon was tested further by investigating the effect of optic 
nerve stimulation on the release of Glu, Asp, GABA and Gly 
(see Fig. 1). Figure 2 shows the fractional release of these amino 
acids from the optic tectum. Electrical stimulation of the optic 
nerve (Fig. 2a) induced a significant (two fractions before 
stimulation compared with the following two) increase of Glu 
(P < 0.005), Asp (P < 0.02) and Gly (P < 0.001) in the collected 
fractions, whereas GABA remained at <0.5 pmol per fraction. 
In contrast, stimulation of the nucleus Ipc (Fig. 25) did not 
significantly affect the amount of Glu and Asp in the fraction, 
but increased that of GABA and Gly (P<0.005). The amino 
acid levels were also usually increased in the fraction immedi- 
ately following the stimulation period. 

These results suggest that Glu and Asp are released on 
stimulation of the optic nerve fibres and that they might be 
involved in at least part of their transmission. It cannot be 
excluded, however, that the release originates from elements 
which are postsynaptic to the optic nerve terminals and are 
indirectly activated by the stimulation. Nevertheless, the direct 
involvement of retino-tectal fibres is supported by the affinity of 
a population of these neurones for D-Asp (ref. 5). Alternatively, 
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Fig. 1 Frontal section of the pigeon optic lobe showing the 
experimental set up. The experiments were performed on 10 adult 
pigeons anaesthetized with Equithesine’. Bipolar stimulating 
electrodes were implanted in the optic nerve (on) papilla (A) and 
the nucleus Ipc? (A,). Square wave pulses of 1-2 mA, 0.2 ms 
duration and at a frequency of 40 Hz were delivered for 5-min 
periods, The placement of the electrodes was controlled by 
recording evoked potentials (re) from the optic tectum (ot). The 
push-pull cannula (B) consisting of two parallel tubes (each 0.3 mm 
in diameter) was inserted in the superficial layers of the optic 
tectum. Twenty minutes after the onset of the perfusion 
(12 ul min~'), 5-min fractions were collected. Three 5-min rest 
periods were intercalated between each stimulation period. 
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Fig.2 In vivo release of amino acids in the optic tectum induced 
by electrical stimulation of two afferent neural pathways. Glu, Asp, 
GABA and Gly contents (+s.e.m; number of determinations in 
parentheses) in perfusate fractions collected every 5 min through a 
push-pull cannula were determined by a mass fragmentographic 
method described by Wolfensberger and Amsler’. Stimulation 
(indicated by black bar) was applied to optic nerve (a) or nucleus 

Ipe (b). 


the changes in amino acid levels might be related to a metabolic 
alteration induced by the stimulation. An argument against this 
is the fact that stimulation of the Ipc-tectal pathway, which has 
been shown to end predominantly in the same tectal layers as the 
optic nerve’, did not influence the release of Glu and Asp from 
the optic tectum. Finally, the evidence presented would also be 
consistent with the idea that Glu and/or Asp are metabolites of 
the released transmitter(s). 

The release of Gly on optic nerve stimulation is difficult to 
interpret. It seems unlikely that it originates from retino-tectal 
fibres, as Henke et al.* observed no decrease in the high-affinity 
uptake of Gly or in Gly levels after retinal ablation®. Gly could 
be released by the glycinergic Ipc-tectal pathway*” either 
presynaptically or by activation of the retino-tecto-Ipc-tectal 
circuit™’, although one wonders why GABA was not similarly 
affected. Intra-tectal glycinergic elements could also be 
indirectly activated by the optic nerve stimulation. 

There is strong evidence that GABA is a transmitter in 
neuronal elements of the optic tectum'®'’, Following *H- 
GABA injection into the tectum, a portion of the Ipc nucleus 
and of intrinsic tectal neurones were labelled: Gly and other 
amino acids did not label these neurones'®. Taking this as 
evidence for GABAergic neurones, the GABA release ob- 
served in the present study may originate from some Ipe-tectal 
fibres and/or from intra-tectal neurones. 

We thank Dr S. L. Cochran for reading the manuscript. This 
work was supported by grants 3.408.78, 3.505.79 and 3.506.79 
from the Swiss NSF and the Dr Eric Slack-Gyr-Foundation. 
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A method for measuring local rates of glucose uptake in mam- 
malian brain tissue’? has been used to study monkey cortex 
receiving visual stimulation through one eye’. The resulting 
pattern of glucose uptake resembled that of the ocular 
dominance columns, identified by several independent methods 
in the cortex**. In addition, the pattern of glucose uptake 
produced by binocular viewing of stripes of a single orienta- 
tion’? was consistent with the arrangement of orientation 
columns expected from the sequence of preferred orientations 
of single cells recorded in the visual cortex*’*"*, It was therefore 
assumed that the columns of glucose uptake revealed in the 
studies of orientation selectivity correspond to columns of 
cortical cells selective for the orientation viewed. Recent 
findings about the monkey visual cortex led us to question this 
assumption.'”*° We have now investigated this question in the 
cat by making microelectrode recordings to determine preferred 
orientation of cortical units at known positions within the visual 
cortex and then stimulating the same animals with a full-field 
pattern of stripes to measure the rates of glucose uptake at the 
positions of each of the cortical units. As in previous studies, 
preferred orientation shifted gradually and progressively along 
electrode tracks parallel to the cortical surface*’*"° and a 
pattern of densely labelled columns was observed in the 2- 
deoxyglucose autoradiographs” '*. The centres of densely 
labelled cortical columns contained cells selective for the stimu- 
lated orientation. Preferred orientation shifted gradually away 
from the stimulated orientation at sites progressively more 
distant from the centres of the columns. Control experiments 
revealed no columns after stimulation with a pattern of changing 
orientation. Thus the columns revealed by the deoxyglucose 
method do correspond to the physiological orientation columns. 

The experimental procedure consisted of two consecutive 
steps carried out on five normal adult cats. During the first step 
the preferred orientation of single cells in the medial bank of 
area 17 was determined by microelectrode recording; during the 
second step a striped pattern was presented to the animal after 
intravenous (i.v.) injection of deoxyglucose. 

Initial surgery was carried out under barbiturate plus halo- 
thane anaesthesia. Venous and tracheal cannulae were inserted 
and a small skull opening made to expose the most posterior 
portion of one cortical hemisphere. On completion of 
surgery, the cats were paralysed (gallamine triethiodide, 
10 mg per kg perh), and barbiturate anaesthesia was supple- 
mented by artificial ventilation with 75% nitrous oxide—25% 
oxygen. End-tidal CO, was maintained at 4% and body 
temperature at 38 °C. 

We then started a horizontal penetration into the medial bank 
of the lateral gyrus using a lacquered tungsten microelectrode”. 
The microelectrode shaft had been electropolished to <50 pm 
in diameter, allowing us to record from a long sequence of 
neurones in asingle 10-mm penetration with minimal damage to 
the surrounding brain tissue. 





Fig.1 Digitized radioactivity plots made from autoradiographs of 
parts of 20-um horizontal sections of right visual cortex in two 
animals. a, Part of the medial bank of the lateral gyrus in area 17 of 
an animal that had viewed moving vertical stripes. Dark bands 
referred to as orientation columns run from white matter to cortical 
surface. b, Same area in a control animal that had viewed stripes of 
all orientations. No radial zones of increased radioactivity are 
visible. Up is medial, right posterior. c, Photograph of autoradio- 
graph scanned in a. d, Photograph of autoradiograph scanned in b. 
Calibration bar is 1 mm for a and b, 3 mm for c and d. 


The eyes were refracted and then aligned with a Risley prism 
by superimposing the receptive fields of a binocular unit. The 
areae centrales were plotted onto the tangent screen at 57 cm 
distance. Beginning 4-6 mm from the entry point, single cells 
from area 17 were recorded approximately every 100 um. The 
preferred orientation of each cell was determined with a hand- 
held projector. An irregular sequence of electrolytic micro- 
lesions was made at ~ 1-mm intervals along the track by passing 
—4 pA for 4s. 

The penetration was terminated after studying about 40 single 
units. With the microelectrode kept in its final position, we 
injected an i.v. pulse of 100 Ci per kg '*C-2-deoxyglucose 
(Amersham, CFA.562) and exposed both eyes to a striped 
pattern moved perpendicular to the orientation of the stripes. 
This pattern consisted of white stripes 0.5-8.0° wide, separated 
by a similar spacing. It was swept in both directions at velocities 
increasing logarithmically from 0.3 to 20° s ' during each 15-s 
period. We made sure that this pattern always covered at least 
the central 30° of the cat’s visual field. In four of the animals, the 
pattern remained vertically oriented, while in one control ani- 
mal the pattern was rotated between sweeps to each of 12 
orientations, 15° apart. 

After 45 min of exposure, the animals were given an overdose 
of barbiturate and were perfused with phosphate buffer 
followed by a buffered 4% solution of paraformaldehyde. The 
brain was then removed and blocks from cortical tissue cut and 
sunk slowly into Freon at —80 °C. The physiological experiment 
took 12-20 h: the whole procedure after killing the animal took 
12-18 min. 

Horizontal sections of the hemisphere containing the elec- 
trode track were cut at 20 um in a cryostat, picked up on cover 
glasses, dried quickly on a hotplate at 70-80 °C and exposed 
along with a set of radioactive plastic standards (Amersham, 
196363) to Kodak SB5 X-ray film for 10-15 days. The sections 
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were then stained with cresyl violet for reconstruction of the 
electrode track. 

A flatbed autodensitometer** measured optical density over 
areas of interest on autoradiographs containing the electrode 
tracks using a 32 X 32 um spot moved in 32-um steps. Either 
1,000 or 10,000 digitized optical density values per mm? were 
stored for each section together with the optical densities of the 
radioactive standards. This method allowed us to convert the 
optical density at any position on the section into a radioactivity 
level. Such radioactivity levels are linearly proportional to the 
rates of glucose uptake’. Using a PDP11/23 computer we 
constructed a two-dimensional picture of the distribution of 
radioactivity which had produced each autoradiograph. Linear 
scans of such a picture made along the course (indicated by 
microlesions) of the electrode penetration quantitatively dis- 
played the radioactivity as a function of electrode position. 

Figure la shows a radioactivity scan of part of a horizontal 
section through area 17 from an animal that had viewed vertic- 
ally oriented stripes. A pattern of dark and light bands extending 
mostly perpendicular to the brain surface is evident throughout 
all layers of grey matter. A similar scan taken from the brain of 
the control animal which had viewed stripes of all orientations is 
presented for comparison in Fig. 1b. No columnar variation in 
labelling density could be discerned, although differences in the 
labelling density between the laminae are evident. Autoradio- 
graphs from four additional contro] animals similarly disclosed 
no columnar variation in labelling density. 

In most cases, the electrolytically marked locations in the 
brain were visible on the autoradiograph (as a reduction in the 
radioactivity over a distance of 50-150 um along the track) as 
well as on the stained section. We were therefore able to locate 
recording sites by interpolation of the micrometre readings. 
Figure 2 shows examples of the finding that when a penetration 
crossed a labelled band, the preferred orientations of the cells 
recorded in this location were usually close to the vertical (the 
stimulated) orientation. On the other hand, lightly labelled 
portions of the electrode track usually matched recording sites 
of cells driven best by stimuli closer to the horizontal. A few cells 
(such as the second and third cells to the left of the third lesion) 
were exceptions to this general pattern. Some exceptions might 
be due to extracellular microelectrodes recording from units 
whose cell bodies are located at some distance from the elec- 
trode tip, perhaps in another column. The following analysis 
demonstrates that, despite these exceptions, the relationship 
between preferred orientation and labelling density at recording 
sites is highly significant. 

A total of 10 labelled columns, either 2 or 3 in each of the four 
experimental animals, were both cut in cross-section (the corti- 
cal surface lay normal to the plane of section) and traversed by 
our electrode tracks. For example, three of these columns are to 
the left of the third lesion in Fig. 2b. To the right of this lesion, 
the cortex is cut obliquely, as shown in a Nissl-stained section 
(not illustrated) and by the failure of the labelled deoxyglucose 
bands to extend all the way from layer II to the white matter. 

Within the parts of the electrode penetrations that crossed 
these 10 labelled bands, a total of 65 units were recorded. Figure 
3 shows the relationship between the preferred orientation of 
these cortical units and the deoxyglucose labelling densities at 
their recording sites. For this analysis, preferred orientations 
(dashed line in Fig. 3a) and radioactivity levels (solid line in Fig. 
3a) at recording sites were plotted in groups according to the 
distance of each recording site from the centre of the nearest 
labelled band. In effect, the analysis of Fig. 3a first superimposes 
the deoxyglucose columns at their centres to form an average 
column. Average preferred orientation and average radioac- 
tivity level are then plotted as a function of distance from the 
centre of this average column. The analysis confirms the results 
of earlier studies'*”'°—preferred stimulus orientation changes 
linearly with distance from the centre of the orientation column 
(R = 0.86, Fig. 3a). Figure 3a also shows the decrease in 
average radioactivity level with distance from the centre of the 
column. The data from Fig. 3a are replotted in Fig. 3b to show 


that the radioactivity level is monotonically related to the pre- 
ferred orientation (R = 0.92). 

In the experiments using the 2-deoxyglucose method, labelled 
bands were seen in the visual cortex of cats that viewed vertical 
stripes. When animals viewed stripes of all orientations, no such 
bands were observed. Microelectrode recording showed that the 
labelled bands corresponded to vertical orientation columns. 

These findings support the central assumption made in pre- 
vious studies of orientation selectivity in cat visual cortex using 
the 2-deoxyglucose method”'*. They suggest that the deoxy- 
glucose method should be useful for further studies of columnar 
systems in cat cortex. The present findings do not show whether 
Orientation columns in the cat’s visual cortex are discrete enti- 
ties; the results are consistent with such an hypothesis but are 
also consistent with the notion that preferred stimulus orien- 
tation varies continuously across the cortical surface. 

In the monkey’s visual cortex, labelled columns have been 
observed’” in conditions of visual stimulation similar to those 
which produced no labelled columns in our contro! cats. It has 
not yet been reported whether the labelled columns seen in the 
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Fig. 2 Preferred orientation of single cells (a) and radioactivity 
(proportional to glucose uptake) (c) pletted as a function of 
distance (abscissa) along a microelectrode track (4) into area 17 of 
the visual cortex. Track starts at the right-hand side (arrow in b) 
and runs along the white line. a, Position of each dot gives the 
deviation of a single cell's preferred orientation from vertical, the 
Orientation of the striped pattern used in the deoxyglucose 
experiment. Thus vertically oriented cells are represented by dots 
at the peaks of the graph, horizontally oriented cells at the troughs 
of the graph, and the two diagonals in between. b, Display of 
radioactivity made from autoradiographs of two adjacent 20 um 
horizontal sections from area 17 of a cat's visual cortex. In the 
autoradiographs of these sections, the whole course of the 
penetration could be traced by means of microlesions seen at the 
interruptions of the white line. c, Radioactivity (in arbitrary units) 
along the electrode penetration. ‘L’ marks troughs corresponding 
to light areas in the autoradiograph caused by microlesions. 
* Marks troughs caused by fractures in the tissue. The vertical 
dashed lines connect positions of microlesions throughout the 
figure (open circles in a, interruptions of the white line in A, ‘L'in c). 
It is apparent that peaks in the graph a (vertically oriented cells) 
match areas of high radioactivity levels (4, c) and vice versa. 
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Fig. 3 a, Deviations of cells’ preferred orientations from vertical 
+s.e.m. (left ordinate, dashed line, ©) and radioactivity +s.¢.m. 
(right ordinate, solid line, @) as functions of distance (abscissa) 
from the centres of 10 superimposed dark bands (orientation 
columns) in four experimental animals. b, Data from a plotted to 
show relationship between preferred orientation of recorded units 
and radioactivity (proportional to glucose uptake rate) at recording 
sites. 


unstimulated monkey have the same range of densities as those 
seen in monkeys stimulated with patterns of single orientation. 
With this question unresolved, it would not be safe to extend the 
results of the present study to the monkey. 

It will be of interest to determine to what extent the relation- 
ship between orientation specificity and the cortical metabolic 
pattern seen in the present study is based on a more general 
relationship: is neuronal firing the primary determinant of 
metabolic activity in the cortex? Experiments in progress, 
quantitatively comparing the neuronal discharge frequency eli- 
cited by visual stimuli with glucose uptake produced by these 
same stimuli,” will answer this question. 

This work was supported by the NIH and by fellowships from 
the Deutsche Forschungsgemeinschaft to A.S. and from the 
Alfred P. Sloan Foundation to M.P.S. We thank Professor D. 
Hubel for comments on the manuscript. 
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Enkephalin and substance P are two peptides found in verte- 
brate nervous systems that have been intensively studied with 
regard to cellular distribution and receptor mechanisms’. 
Invertebrate nervous systems, which are extremely useful in 
elucidating general principles of neural functions*~, can also be 
used as models for the analysis of peptidergic mechanisms’”. 
The accessibility, regularity, small number and relatively large 
size of the neural components of one such system, the crustacean 
compound eye, have facilitated the accumulation of detailed 
information about their anatomy”’ and physiology’”““, and 
provided insight into basic principles of intercellular com- 
munication? ™*. We report here that immunoreactivity of 
enkephalin and substance P can be localized to specific neural 
elements in the visual system of the spiny lobster, Panulirus 
interruptus. Our observations suggest that this highly organized, 
simple in vivo system may be a convenient model to evaluate the 
cellular mechanisms of these peptides. Although several 
neuropeptides have been localized in vertebrate retinal inter- 
neurones’, our results are the first to detect a known peptide in 
primary photoreceptors. 

Lobster eyestalks were fixed in paraformaldehyde at 4 °C, and 
stored at 4°C for 1-3 days until sectioned. Frozen sections 
(20 xm) were collected on gelatin-coated slides and incubated at 
4°C for 15-18h with either anti-rabbit Leu-enkephalin 
antiserum, anti-rabbit B-endorphin antiserum, or monoclonal 
anti-rat substance P antibody. After rinsing, primary antibodies 
were localized by indirect fluorescence (see Fig. 1 legend for 
details). 

Specificity of immunoreactivity was evaluated by incubating 
tissue sections with anti-substance P antiserum absorbed with 
synthetic substance P or anti-enkephalin antiserum absorbed 
with synthetic Leu-enkephalin (see Fig. 1 legend for details). 
Further sections were incubated with phosphate-buffered saline 
(PBS) or non-immune serum instead of primary antibody. Given 
the limitations of the immunocytochemical approach, however, 
the immunoreactive staining observed may also be due to 
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Fig. 1 Distribution of enkephalin (ENK) and substance P (SP)-like immunoreac- 
tivity (ir) in the lobster eyestalk. The optic components include the retina, which 
contains the photoreceptor units, the ommatidia. Each ommatidium contains seven 
primary photoreceptors, the retinular cells''. The retina extends from the distal end 
of the retinular cells to the distal border of the lamina ganglionaris. Information from 
the retina is relayed to the four optic neuropiles: the lamina ganglionaris (LG), the 
medulla externa (ME), the medulla interna (MI) and the medulla terminalis (MT)?"'_ 
These structures are connected to each other by fibres forming the first (CH1), the 
second (CH2) and the third (CH3) chiasm. The eyestalk also contains the MTXO- 
sinus gland (SG) neurosecretory complex. Only enkephalin- and substance P- 
immunoreactive cells and fibres are shown, Enkephalin immunoreactivity (ENK ir) 
is present in each retinular cell. Fibres (O-O-O) in CH3 and MI also contain 
enkephalin immunoreactivity (thin arrow). Substance P immunoreactivity (SP ir) is 
present in all other cells, fibres and terminal plexuses shown. In the lamina, medulla 
externa and medulla interna, substance P-like immunoreactivity was confined 
exclusively to neurones whose fibres extend horizontally. These neurones cor- 
respond to the neurosecretory cells of the lamina’, Hanstrom’s cell type 11 in the 
medulla externa’” and Hanstrom’s cell type 15 in the medulla interna’®. Substance P 
immunoreactivity is also present within a subpopulation of cells, fibres and neurose- 
cretory terminals within the MTXO-sinus gland complex (see text for details). CT, 
connective tissue, Eyestalks were quickly dissected under normal room illumination 
and fixed in 4% paraformaldehyde-0.5% PBS, pH 7.4, at 4°C. After 10-18 h, the 
tissue was transferred to 30% sucrose~PBS at 4°C until sectioning in a Harris 
cryostat in transverse or longitudinal planes. Anti-Leu-enkephalin antiserum A-206 
(donated by R. J. Miller) and anti-8-endorphin antiserum (Bendo-2, donated by R. 
Benoit and R. Guillemin) were both diluted 1: 1,000, with 1 mg mI“ bovine serum 
albumin (BSA). Anti-SP antibody MS-035 (Sera Lab) was diluted 1:100. All 
antibodies were diluted in 0.3 M PBS-0.3% Triton X-100. Anti-8-endorphin and 
anti-Leu-enkephalin reactivity were localized using goat anti-rabbit IgG-fluorescein 
isothiocyanate (FITC) (Antibodies, Inc., California) and anti-substance P was 
localized with rabbit anti-rat IgG-FITC (Miles), both diluted 1:25 in 0.3 M PBS- 
0.3% Triton X-100. After rinses in PBS, slides were air-dried and a coverslip added 
in paraffin oil, The sections were examined using a Zeiss Universal fluorescence 
microscope with a Xenon epi-illumination light source (XBO-150) and equipped 
with a Zeiss filter pack (48-77-09-9903). The sections were photographed with a 
Nikon camera on Kodak Ektachrome (Tungsten 160 ASA) or Tri-X (400 ASA) pan 
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film. To test for specificity of the immunoreactive staining, anti-substance P antibody (1: 100) and anti-enkephalin antibody (1 : 1,000) were absorbed with synthetic 
substance P (Sigma) or synthetic Leu-enkephalin (Sigma), respectively, at concentrations of 0.1, 1.0, 10 and 100 uM at 4°C overnight. Absorbed antiserum, 
antiserum which had been diluted and stored overnight at 4 °C, PBS, or non-immune serum, were used instead of freshly diluted primary antibody on control sections. 
All staining was abolished by absorption of anti-enkephalin with enkephalin at all concentrations used. Substance P immunostaining was totally abolished at 10 and 


100 uM and partially blocked at 0.1 and 1 uM. 


peptides that are structurally related to the immunogenic 
peptides (for example, substance P: eledoisin or physalaemin). 

We examined the neural structures of the eyestalk, including 
the retina, the four optic neuropiles (ganglia) and the distal 
portions of the optic nerve. The distribution of substance P- and 
enkephalin-immunoreactive cell bodies and fibres within the 
eyestalk is summarized in Fig. 1. 

Prominent enkephalin-like immunoreactivity was observed in 
all the primary photoreceptors, the retinular cells. Sectioning of 
the retina in different planes revealed that the immunoreactivity 
was present in all seven retinular cells (Fig. 2a), throughout each 
perikaryon (Fig. 2b), except for the region of the nucleus which 
was unstained (top inset, Fig. 2b). All enkephalin immunoreac- 
tivity was abolished by absorbing the antibody with 0.1 uM 
synthetic Leu-enkephalin (bottom inset, Fig. 26). 

Enkephalin-like immunoreactivity was also observed in fibres 
which pass in a centrifugal direction through the medulla 
terminalis and terminate in a plexus of fine varicose fibres in the 
medulla interna (see Fig. 1). As all fibres from retinular cells are 
believed to terminate in the lamina ganglionaris'®, the enke- 
phalin-immunoreactive fibres terminating in the medulla 
interna must represent a second type of peptide-containing cell 
(J.R.M. and J.F.M., in preparation). 

Substance P-like immunoreactivity was observed in each of 
the four optic neuropiles. Fibres were consistently observed in 
two well defined layers of the lamina ganglionaris; some of the 
fibres could be traced to substance P-like immunoreactive cell 
bodies located in the proximal fringes of the lamina (Fig. 1). 
Hamori and Horridge"* described presumptive neurosecretory 
cells with a similar location, which gave rise to horizontal fibres 
virtually identical to these substance P-immunoreactive fibres in 
the lamina ganglionaris. 

We also found substance P-like immunoreactive fibres 
arranged in a discrete manner in two identified synaptic layers of 
the medulla externa (Fig. 2c) and in three such layers of the 
medulla interna. Of the several identified cell types associated 
with these two optic neuropiles”'°, only one neuronal type in 
each medulla contained substance P-like immunoreactivity 
(Fig. 1). 


In the medulla terminalis, we observed two additional types of 
substance P-immunoreactive fibre: a diffuse plexus in the central 
portion of the neuropile, reflecting the less stratified organiza- 
tion of the medulla terminalis, and a second group of substance 
P-like immunoreactive fibres passing through the distal part of 
the medulla terminalis and ending as large spherical terminals in 
the sinus gland (Fig. 2d). A small subpepulation of cells in the 
medulla terminalis X organ (MTXO) cortained substance P-like 
immunoreactivity (Fig. 1). The MTXO-sinus gland neuro- 
secretory complex is believed to be an evolutionary analogue of 
the hypothalamic-hypophyseal system™"*, Finally, substance 
P-like immunoreactive fibres were observed to pass through the 
optic nerve. 

No B-endorphin immunoreactivity was detected in the eye- 
stalk. The localization of somatostatin immunoreactivity in cells 
and fibres of the lobster eyestalk will be described elsewhere 
(J.R.M. and J.F.M., in preparation). The distribution of enke- 
phalin- and substance P-like immunoreactivity is now being 
studied in the crayfish (Procambarus clarkii), a closely related 
crustacean species, and an extremely similar pattern has been 
observed. However, in the crayfish, enkephalin-like 
immunoreactivity is clearly observed in fibres that pass between 
the primary photoreceptors and the lamina ganglionaris and in 
terminals throughout the lamina. In addition, substance P-like 
immunoreactive fibres have been observed to cross the first optic 
chiasm. 

The detection of enkephalin-like immunoreactivity in the 
retinular cells suggests a possible neurotransmitter function for 
enkephalin or a closely related peptide in the primary photo- 
receptors of the lobster eye. Exogenous enkephalin and opiates 
have been found to interact with substance P-containing 
primary sensory afferents in the substantia gelatinosa of the 
mammalian spinal cord'**'. A similar though by no means 
identical, relationship is suggested by cur demonstration that 
enkephalin and substance P immunoreactivity is present in 
synaptically related cells, the retinular and ‘neurosecretory’ 
cells, of the lobster visual system. Electron microscopic studies 
have shown that, although most retinula- cells terminate on the 
ganglion cells of the lamina, many form exo-axonic synapses on 
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the ‘neurosecretory’ cell fibres. In turn, the ‘neurosecretory’ 
cells themselves provide input to the ganglion cells’’. Thus, the 
lamina ganglionaris of the lobster may prove to be a useful 
system for studying possible naturally occurring sequential 
interactions between enkephalin and substance P. 


Finally, our results provide additional support for the 


presence in invertebrates of immunoreactivity to two neuro- 
active peptides first detected in and isolated from mammals. 
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Fig. 2 Enkephalin- and substance P- 
like immunofluorescence in the lobster 
eyestalk. Calibration bar, 50 um. a, 
Transverse section of retina showing 
that each retinular cel) (arrow) in each 
ommatidium contains enkephalin-like 
immunoreactivity. 6, Longitudinal 
section of retina showing enkephalin 
immunoreactivity throughout the 
length of perikarya of retinular cells. 
Top inset: higher magnification of 
retinular cells (the arrow indicates an 
unstained nucleus), Bottom inset: 
longitudinal section of retina showing 
unstained photoreceptors incubated 
with anti-enkephalin antiserum ab- 
sorbed with O.l uM enkephalin. c, 
Substance P-like immunoreactivity in a 
longitudinal section of the medulla 
externa. Immunoreactive cells cor- 
respond to a subset of Hanstrom’s cell 
type 11 (ref. 10). Note the laminar 
pattern of substance P-immunoreactive 
terminals. d, Immunoreactive fibres 
(arrowhead, top left) and 
neurosecretory terminals in the sinus 
gland, which is a neurohaemal organ 
consisting of neurosecretory terminals 
with cell bodies located in the MTXO”* 
The immunoreactive material in the 
sinus gland seemed to be contained 
within large spherical granules resem- 
bling those of the neurosecretory 
terminals described elsewhere” 


Recently, enkephalin-like immunoreactivity has been localized 
in specific neurones of the leech*’ and earthworm”, and has 
been detected by radioimmunoassay in the locust. Our 
findings may therefore expand the opportunities for studying the 
mechanisms of action of mammalian neuropeptides by exploit- 
ing less complex invertebrate nervous systems. 


This study was supported by NSF grants BNS-79-29182, 


MH 07901, NIDA 01785 and EY 02146. 








York. B. & Wiersma, C. A. G. Prog. Neurobiol. §, 127-166 (1975) 

Wiersma. C. A. G. Invertebrate Nervous Systems, 269-284 (University of Chicago Press, 
1967) 

Brecha, N., Karten, H. & Laverack, C. Proc. natn. Acad. Sci. U.S.A. 76, 3010-3014 | 1979) 

Hamori, J. & Horridge, G. A. J. Cell Sci. 1, 249-256 (1966) 

Scharrer, B. A. Rew. Physiol. 15, 466-467 (1953) 

Passano, L. M. Anat. Rec. 111, 502 (1951). 

Ziegigansberger, W. & Tulloch, I, F. in Endorphins in Mental Health Research (eds Usdin, 
E.. Bunney, W. E. & Kline, N. S.) 293-301 (Oxford University Press, New York, 1979) 

Duggan, A. W., Hall J. G. & Headley, P. M. Nature 264, 456-458 (1976) 

Jessell. T. M. & Iversen, L. L. Nature 268, 549-561 (1977) 

Hamori, J. & Horridge, G. A. J. Cell Sci. 1, 257-270 (1966) 

Zipser, B. Nature 283, 857-858 (1980) 

Alumets. J.. Hakanson, R.. Sundier, F. & Thorell, J. Nature 279, 805-806 (1979) 

Gros. C.. Lafon-Cazal, M. & Dray, F. C.r. hebd. Séanc. Acad. Sci., Paris 287, 647-650 
(1978) 

Andrew. R. D.. Orchard, I. & Saleuddin, A. S. M. Cell Tissue Res. 190, 235-246 (1978) 

Bunt A. H. & Ashby, E. A. Gen. comp. Endocr. 9, 334-342 (1967) 


—— ——E = B 





Nature Vol. 293 15 October 1981 
ts a eee EER LA Ae Bees Nie iden eae, eect ee ees Ae Oe 








Conserved amino acid sequence of a 
neuropeptide, the head 
activator, from coelenterates to humans 
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We have recently isolated and sequenced a neuropeptide from 
the freshwater coelenterate hydra (Hydra attenuata), which 
was named head activator because it controls head-specific 
growth and differentiation processes’ ~*. The head activator is an 
undecapeptide of molecular weight 1,142, with the sequence 
pGlu-Pro-Pro-Gly-Gly-Ser-Lys-Val-Ile-Leu-Phe. We have 
also previously purified a peptide from mammalian brain and 
intestine which has similar biological and chemical properties to 
those of the head activator from hydra“. Here, we present 
evidence that a peptide of identical amino acid sequence to the 
head activator can be isolated from human hypothalamus, 
bovine hypothalamus and rat intestine. This is the first example 
of a neuropeptide conserved structurally intact from a most 


primitive nervous system to the advanced nervous system 


represented in humans. 

Head activator, as assayed by its biological effect on hydra, 
was found in brain and intestine of cow, pig, rat and human*”, 
The hypothalamus of an adult rat contained 10° hydra 
equivalents, the intestine 10 times more. Cow and pig contained 
comparable amounts per animal. The best source was human, 
where 10° hydra equivalents were found in the hypothalamus of 
an adult male’. 

We first extracted the head-activator-like peptide from the 
intestines of 3,000 1-2-month old rats; the peptide was purified 
in three batches of 1,000 animals each. The rats were killed in a 
CO, atmosphere, and the intestines from the pylorus to the last 
thickening of the large intestine were dissected and submerged 
immediately in 201 of cold methanol containing the protease 
inhibitor phenylmethylsulphonyl fluoride (0.05%). The 
purification was similar to that described for the head activator 
from hydra’. After homogenization and centrifugation the 
methanol supernatant was condensed and extracted with 
petroleum ether and chloroform to remove lipids. The aqueous 
phase was subjected to ion-exchange chromatography on 
Sephadex DEAE-A-25 (batchwise) and to molecular sieving 
using Sephadex G-10 and Biogel P-2 alternately, followed by 
reverse-phase chromatography with the octylsilyl silica gel 
LiChrosorb RP-8 with various organic solvents as eluents in low 
and high pressure conditions. The location of the desired 
substance was determined by assaying the biological activity as 
stimulation of bud growth in hydra, and in later stages of 
purification, by first searching for the typical amino acid pattern 
of the head activator (after hydrolysis and separation of the 
dansylated amino acids by TLC’) before assaying the biological 
activity. 

The head activator from bovine hypothalami was obtained 
from a side fraction of a neurotensin isolation by R. Carraway 
(then at S. Leeman’s laboratory), in which bovine hypothalami 
were chromatographed on a 20-1 Sephadex G-25 column®. A 
fraction eluting later than neurotensin and substance P (15.5- 
18 I) contained head-activator activity. After lyophilization this 
fraction was extracted with methanol and treated as above. 

Head activator was also isolated from the hypothalami of two 
men aged 52 and 65 yr. The tissues were excised 20h post 
mortem and stored in cold methanol before homogenization. 
After extraction with petroleum ether and chloroform the 
aqueous phase was chromatographed on a 250-ml Sephadex 
G-10 column (5.5 x13 cm) using distilled water as eluent. The 
fraction from 500 to 1,000 ml was concentrated and desalted on 
a LiChrosorb RP-8 column under low pressure’. 
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Fig. 1 Reverse-phase HPLC of the head activator from human 
hypothalamus (upper tracing) on a LiChrosorb RP-8 column, 
particle size 7 pm, column size 250x4 mm. The lower tracing 
shows the absorbance of the synthetic head activator (500-pmol 
were injected). Elution was carried out with a gradient in: a, 
40-60% methanol in 5 mM ammonium bicarbonate; b, 20-40% 
acetonitrile in 0.1% trifluoroacetic acid, for 10 min at a fow rate of 
1 mi min’. 


For the final purification of all three peptides, we used 
reverse-phase HPLC so as to obtain a homogeneous material 
and to compare the elution times of the peptides from the 
different origins. The extracts were first separated isocratically 
with 50% methanol in 5 mM ammonium bicarbonate, pH 7.8, 
and/or with 30% acetonitrile 0.1% triflueroacetic acid. As final 
steps the peptides were subjected to gradient elutions using 
methanol or acetonitrile in the mobile phase. As shown in Fig; 1 
for the peptide from human hypothalamus, the retention times 
in both systems are identical to those of synthetic” or native’ 
head activator from hydra. The retention times of the peptides 
from rat intestine and from bovine hypothalami were also 
identical. Yields of pure peptide were 26 nmol from 3,000 rat 
intestines, 2 nmol from human hypothalamus and 10 nmol from 
the bovine hypothalamic fraction. | 

The peptide was then hydrolysed in 6 M HCI for 24h and 
amino acid identification carried out after dansylation by two- 
dimensional TLC’. For a quantitative amino acid analysis we 
separated the dansylated hydrolysate on reverse-phase HPLC 
using both optical density and fluorescence for detection. The 
amino acid composition of the peptides cf all three origins was 
identical with that of the head activator from hydra: Gly (2), Glu 
(1), Tle (1), Leu (1), Lys (1), Phe (1), Pro (2), Ser (1), Val (1). 

As expected from the NH,-terminal sequence of the head 
activator from hydra, no end group was found for the biologi- 
cally active peptides. However, during the last purification steps 
we involuntarily produced a peptide with identical amino acid 
composition but different retention times on HPLC, which had 
no biological activity and glutamic acid as end group. The 
opening of the pyroglutamy! ring was probably due to the mild 
hydrolysis conditions of the HPLC buffers used. This peptide 
(Glu-peptide) could be converted into the active peptide by 
treatment with anhydrous trifluoroacetic acid, which results in a 
cyclization of the amino-terminal glutamic acid to pyroglutamic 
acid. The same peptide has been found curing the isolation of 
the head activator from hydra’. 

Partial sequencing of the Glu-peptide from rat intestine by the 
consecutive dansyl Edman procedure’” showed the NH,- 
terminal sequence to be Glu-Pro-Pro-Gly-Gly-, which is ident- 
ical with that of the peptide from hydra. A further chemical 
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Fig. 2 Procedure for the sequence analysis of the head activator 
from rat intestine (——) and from human and bovine hypo- 
thalamus (— - —). Incubations with carboxypeptidase Y (CpY) were 
performed at an enzyme concentration of 100 ug ml in 0.1M 
ammonium acetate, pH 6.0. The incubation with low molecular 
weight protease (LMWP) was carried out at a concentration of 
lugmi' in 0.05M ammonium acetate, pH7.6. For the 
subsequent digest with aminopeptidase M (ApM) we used an 
enzyme dilution of 10 ug ml~! in the same buffer. All enzymatic 
incubations were performed in 2 wl at 37 °C. For end-group analy- 
sis and enzyme digests, 20-100 pmol of the peptide were used. For 
a consecutive Edman degradation 20-50 pmol per vial were 
sufficient. 


degradation was impossible due to the strongly hydrophobic 
nature of the residual peptide’. The COOH-terminal end was 
sequenced by kinetic studies with carboxypeptidase Y (CpY) 
(see Fig. 2). Using incubations of 2, 5 and 15 min, the COOH- 
terminal sequence of the Glu-peptide was shown to be -Lys- 
Val-Ile-Leu-Phe, identical with that of the head activator from 
hydra. Similarly, the biologically active pGlu-peptide was only 
degraded up to Ile which suggests that the Glu-peptide and the 
pGlu-peptide have very different conformations. The biologi- 
cally active peptide was not affected by chymotrypsin or pyro- 
glutamate aminopeptidase, confirming Phe as the carboxy- 
terminal amino acid and pGlu-Pro- as the amino-terminal 
sequence. Incubation with a low molecular weight protease 
isolated from Astacus fluviatilis'' yielded two fragments and 
Gly as free amino acid. A subsequent kinetic digestion with 
aminopeptidase M revealed Ser-Lys-Val- as neighbouring 
sequences to Gly, followed simultaneously by He, Leu, Phe. 
From the carboxy- and amino-terminal sequences and from the 
overlap of a fragment after lew molecular weight protease 
digestion, we deduced the following sequence for the biologi- 
cally active peptide from rat intestine (Fig. 2): pGlu-Pro-Pro- 
Gly-Gly-Ser-Lys-Val-Ile-Leu-Phe. This sequence is identical 
with that determined for the head activator from hydra. Because 
of the limited amount of pure peptide available, only a part of 
the amino acid sequence of the hypothalamic peptides was 
determined. However, we founc that the hypothalamic peptides 
and hydra head activator were identical in: (1) amino acid com- 
position, (2) COOH-terminal sequence over five amino acids, 
(3) amino-terminal amino acid, (4) retention times on HPLC 
and (5) biological effects on hydra. These findings are taken as 
evidence that the peptides from human and bovine hypo- 
thalamus are also identical to the head activator from hydra. 

We have synthesized the head activator and have shown that 
the synthetic and the native peptide are chemically and biolo- 
gically identical’. We also found that deletion or addition of one 
or more amino acids, conversion of pyroglutamic acid to glu- 
tamic acid and derivatization of the e-amino function of lysine, 
resulted in destruction of the biological activity on hydra’. We 
deduce from this that the structure of the head activator is very 
rigid, allowing little or no conformational change. In hydra, the 
first organism in the animal kingdom to possess a nervous 
system, the head activator is produced by nerve cells and is 
stored there in neurosecretory granules’”. In mammals the head 
activator could only be extracted from brain and intestine. The 
fact that other mammalian neuropeptides occur in brain and 
intestine has been interpreted to mean that they may have a 
common embryological origin’*. Our findings with the head- 
activator peptide suggest that some of these do have phy- 
logenetically a common neuronal ancestor. 


The sequence of the head activator differs from those of all 
other biologically active peptides described so far. The only 
structural homology we have observed is with bradykinins, in 
the sequence -Pro-Pro-Gly-X-Ser- (ref. 14). The amino- 
terminal sequence of bradykinin i is pal ge ~Gly-Phe-Ser- 


ante 


Lys-. As the incon of the ‘head activator’ in simian iS 
unknown, it is not clear whether this structural homology 
implies a functional homology as well. From its early appearance 
in the developing mammalian embryo’ and in analogy to hydra‘ 
one could postulate that the peptide has growth regulatory 
functions. Whether it has additional functions in the adult as 
transmitter or modulator remains to be elucidated. The 
synthesis of the peptide now provides a means of studying its 
function in the mammalian system. 

We thank Beate Zachmann and Elke Schilling for technical 
assistance, Dr R. Zwilling, University of Heidelberg, for pro- 
viding us with a very pure sample of the low molecular weight 
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Volk, University of Heidelberg, for the human hypothalamus, 
and the Deutsche Forschungsgemeinschaft for support. H.C.S. 
is a recipient of a Heisenberg fellowship. 
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Receptors for the neurotransmitter acetylcholine have been 
found on several types’ of cell outside the neuromuscular 
system and exocrine secretory tissue. Thus cholinergic ligands 
have been shown to increase phytohaemagglutinin-induced 
transformation, RNA and protein synthesis and antibody- 
independent cytotoxicity in lymphocytes, and the IgE-mediated 
release of histamine, slow reacting substance of anaphylaxis 
(SRS-A) and eosinophil chemotactic factor of anaphylaxis 
(ECF-A) in mast cells. These effects were shown to be mediated 
by muscarinic receptors. However, recent evidence has sugges- 
ted that nicotinic receptors are present on lymphoid cells**°™*. 
We report here that synthesis of C2, the second component of 
complement, by human monocytes is enhanced by the chol- 
inergic ligands acetylcholine and carbamylcholine, and that this 
effect is mediated exclusively by a nicotinic receptor which is 
similar in pharmacological specificity, and antigenically related, 
to the nicotinic receptors of human skeletal muscle and the 
electroplaques of the electric ray, Torpedo marmorata. 

The control of C2 synthesis by mononuclear phagocytes has 
been poorly defined to date'’. To investigate this issue, 
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monolayers of peripheral blood monocytes were prepared and 
cultured in vitro by a previously published technique’’. 
Monolayers consisted of >95% monocytes as judged by 
nonspecific esterase staining, phagocytic activity and possession 
of Fc receptors’*. In the culture conditions, monocytes did not 
synthesize C2 for 2 days but by the third day C2 was detectable 
in the culture supernatants. The concentration of C2 then 
rapidly increased until the sixth or seventh day, when the rate of 
increase slowed down and plateaued**. When acetylcholine or 
carbamycholine was added to the cultures, the C2 concentration 
in the supernatants increased in a dose-dependent fashion (Fig. 
1). Carbamylcholine was significantly more potent than acetyl- 
choline (P<0.05) at concentrations of 10-*-10-° mol 17‘. 
Unlike these cholinergic ligands, pilocarpine had no effect on C2 
production by monocyte cultures (Fig. 1). 

The increased concentrations of C2 in the supernatants of 
acetylcholine- or carbamylcholine-treated monocyte cultures 
was due to enhanced synthesis of this protein as the addition of 
the protein-synthesis inhibitors, cycloheximide, puromycin or 
mitomycin C (all at 2.5 ug ml~') inhibited the effect of both 
ligands (Fig. 2). 

The addition of the muscarinic antagonist atropine 
(10~* mol I~") to the culture medium did not alter the acetyl- 
choline- or carbamylcholine-augmented synthesis of C2, 
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Fig. 2 Effect of protein synthesis inhibitors on C2 production. 
Monocytes were cultured in the absence (l) or presence 
(1074 mol 1~'; W) of acetylcholine. Culture conditions are as for 
Fig. 1. The addition of cycloheximide (CH), puromycin (Puro) or 
mitomycin C (Mito), all at 2.5 wg ml‘, to the cultures inhibited C2 
synthesis in both control and acetylcholime-treated cultures. C2 
levels were measured on day 14 of culture. The results represent 
the mean of two experiments performed in duplicate. The protein- 
synthesis inhibitors were equally effective when added to 
carbamylcholine-treated cultures (data not shown). 


whereas the nicotinic antagonists a-bungarotoxin (107° mol I~‘) 

or (+)tubocurarine (1077 mol 1”) abrogated the effect (Fig. 3). 

The concentration of nicotinic. agonists (acetylcholine and 

carbamylcholine) used here is similar to those known to produce 
12 physiological responses in cultured musele cells'*, but identical 
doses of the muscarinic agonist had no effect. Similarly, low 
concentrations of the high-affinity nicotinic antagonists 
((+)tubocurarine or a-bungarotoxin) produced potent inhibi- 
tion whereas the muscarinic antagonist, atropine, had no effect 
even at a 1,000-fold higher concentration. These findings, 
together with the observation that pilocarpine, a ligand acting 
selectively at muscarinic receptors, has no effect on C2 synthesis 
(Fig. 1), demonstrated that the enhancement of C2 synthesis was 
mediated exclusively by nicotinic receptors. 

Further studies revealed that the nicotinic receptors of human 
monocytes and skeletal muscle were antigenically similar. IgG 
was purified from the serum of a myasthenia gravis patient with a 
4 high titre of circulating antibodies to acetylcholine receptors 
(120 x 107° mol I~’). When this IgG or its F(ab’), fragment was 
added to monocyte cultures, the effects of acetylcholine were 
abrogated, a result not observed when normal IgG or its F(ab’), 
fragment were added to the cultures (Fig. 4). As the sera of 
patients with myasthenia gravis may contain a variety of 
autoantibodies'*, the specificity of the human antibody pre- 
paration was confirmed using sheep anti-Torpedo receptor 
antibodies purified by affinity chromatography”. The sheep 
antiserum had previously been shown to react with human 
skeletal muscle receptors (45,000 x 10~° mol I~’ against Torpedo 
receptor and 8.7 x 10°’ mol!”' against human skeletal muscle 
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Fig.1 Enhancement of monocyte C2 synthesis by the cholinergic 
ligands acetylcholine and carbamylcholine. Monocyte monolayers 
were prepared in Linbro multiwell tissue culture plates and 
cultured in the RPMI 1640 medium containing 20% heat- 
inactivated fetal calf serum in an atmosphere of 5% CO, in air'’, 
On day 14 of culture, the supernatants were removed, the 
monolayers washed in warm medium and lysed in 2% SDS solu- 
tion. The DNA content of the lysates was determined spectro- 
fluorimetrically”’, and the C2 contents of the supernatants 
measured by stoichiometric haemolytic assay?" and expressed as 
effective molecules per ug DNA. The addition of acetylcholine (O) 
or carbamylcholine (@) to monocyte cultures produced a dose- 
dependent enhancement of C2 synthesis, whereas pilocarpine (W) 
was ineffective. % Enhancement of C2 synthesis = [(C2 content of 
treated culture—C2 content of control culture)/C2 content of 
control culture] x 100. Each point represents the mean of three 
experiments performed in duplicate and the horizontal bars 
represent the s.e.m, 
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receptor). This antibody and its F(ab’), fragment inhibited the 
acetylcholine-mediated enhancement of C2 synthesis, whereas 
neither normal sheep IgG nor its F(ab’). fragment did so. The 
concentration of antibody, specific for the human receptor, 
required to produce 50% inhibition of the acetylcholine effect 
was very similar for both human and sheep preparations (2.5 x 
107°? mol I”! and 1.25 x 10~'? mol I" respectively). 
Acetylcholine is normally rapidly degraded by cholinesterase. 
It is probable that the enhanced effect of acetylcholine (Fig. 3) in 
the presence of neostigmine is due to cholinesterase activity in 
the cultures. This conclusion is supported by the findings that 
carbamylcholine, which is resistant to cholinesterase’, was 
more potent than acetylcholine (Fig. 1) and that neostigmine did 
not potentiate the action of this ligand Fig. 3). Our fetal calf 
serum contains cholinesterase’? which is heat stable 
(117 IU mI before heat-inactivation and 51 IU ml" after 2h 
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Fig. 3 Effect of cholinergic 160 
antagonists and neostigmine on 

the augmentation of C2 synthesis 

by a, acetylcholine and 4, 
carbamylcholine. Conditions for 

culture and C2 assay were as for 

Fig. 1. Monocytes were cultured 

for 14 days in the absence or 120 
presence of the cholinergic ligand 
(10% moll’; @). Control 
cultures and  ligand-treated 
cultures were exposed to atro- 
pine (107* mol 17+; O), (+)tubo- 
curarine (107 mol 11; $) and a- 
bungarotoxin (10 mol 1+); W). 
Each point represents the mean 
of three experiments performed 
in duplicate. The horizontal bars 
represent the standard error of 
the mean. The enhancement of 
C2 synthesis by acetylcholine or 
carbamylcholine is significantly 
reduced by (+)tubocurarine and 
a-bungarotoxin (P<0.001 for 
ligand concentrations of 1077, 

10 and 107° moli). Neos- 

tigmine (^) significantly poten- 

tiated the effect of acetylcholine 

but not that of carbamylcholine 0 
(P<0.05). Neither atropine nor 

the cholinergic receptor 

antagonists altered C2 synthesis 10-8 
in control cultures (data not 

shown). 
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Fig. 4 Antigenic similarity a 
between nicotinic cholinergic 

receptors on human monocytes 

and a, human skeletal muscle and 120 

b, electric organ of Torpedo 
marmorata. Monocyte culture 
conditions and C2 assay were the 
same as for Fig. 1. Monocytes 
were cultured in the absence or 
presence of acetylcholine 
(1074 mol 1”'). a, The addition of 
IgG (©) purified from the serum 
of a myasthenia gravis patient 
with circulating acetylcholine 
receptor antibodies abrogated 
the effect of acetylcholine, as did 
the F(ab’), fragment'’ (0). The 
proportion of total IgG reactive 
with human acetylcholine recep- 
tors was 0.2%. IgG prepared 
from the serum of a normal 
volunteer (@) and its F(ab’), 20 
fragment (MB) did not significantly 
alter the acetylcholine effect. The 
reduction in the acetylcholine- 
induced enhancement of C2 
synthesis produced by IgG anti- 
receptor antibody and its F(ab’). 
fragment was significant (P< 
0.001) when their concentrations 
were =200 ng mi” '. Normal IgG 


100 


60 


40 


% Enhancement of C2 production 





Nature Vol. 293 15 October 1981 





1076 1074 10-8 10-8 10-4 
Concentration (mol my 





0 1 100 


Concentration (yg mi~') 


of IgG anti-receptor antibody cr their F(ab’). fragments did not significantly affect C2 synthesis in control cultures. 6, As for a, except that 
immunoadsorbent-purified sheep antibody to the electroplaque of the Torpedo marmorata and its F(ab’), fragment were used, 0.02% of 
affinity-purified anti- Torpedo receptor antibody was reactive with human skeletal muscle receptors. Normal sheep IgG and its Fiab’), fragment 
served as controls. Symbols as for a. The inhibition of the acetylcholine effect produced by the intact antibody or its F(ab’), fragment was 
significant (P<0.001) when their concentrations were =1 pg m`, Anti-receptor antibody, normal sheep IgG and their F(ab’). fragments 
did not alter C2 synthesis in control cultures. Each point represents the mean of three experiments performed in duplicate and the horizontal 
bars represent the s.e.m. Intact antibodies and their F(ab’)2 fragments had the same effect on carbamylcholine-treated cultures (data not shown). 


at 56°C). We have not excluded the possibility that monocytes 
contain cholinesterase. 

These experiments demonstrate unequivocally that nicotinic 
cholinergic receptors are present on human monocytes, and that 
the interaction of these receptors with the ligand increases C2 


synthesis. The biological significance of this receptor on 
monocytes remains to be determined, as do the effect of anti- 
acetylcholine receptor antibodies and the therapeutic use of 
anti-cholinesterase on the function of monocytes and serum C2 
levels in patients with myasthenia gravis. 
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Inflammatory erythema is primarily the gross manifestation of 
enhanced regional blood flow or hyperaemia. Hyperaemia to 
areas of injury is thought to modulate the delivery of circulating 
inflammatory cells to the responding site™? and in experimental 
models, it was shown synergistically to enhance the extravasa- 
tion of plasma proteins and mediators”*. It has recently been 
proposed that blood flow to inflammatory sites may be modu- 
lated by a novel vasoactive moiety, distinct from prostaglandins 
and plasminogen activator**, which is released by macrophages 
in response to antigenic or mitogenic stimulation. Intradermal 
(i.d.) injection of this hyperaemia-inducing activity (HIA) from 
activated macrophages elicited a sustained hyperaemia in the 
test rabbit’. We have now investigated this vasoactive mediator 
further. Using a sensitive assay for phospholipase A, (PLA.)*, 
we have identified this enzyme in vasoactive conditioned 
medium of glycogen-induced peritoneal exudate cells (PEC) of 
rabbits. In the vasoactive conditioned medium, PLA, and HIA 
cofractionated on gel filtration chromatography, and both the 
enzyme activity and biological activity were abrogated by 
treatment with the active site-directed histidine reagent p- 
bromophenacyl bromide (pBPB). Intradermal injection of 
PLA, purified from snake venom induced a hyperaemia with 
kinetics resembling those of HIA. We propose that antigen- 
induced release of PLA, by activated macrophages may mediate 
the hyperaemia associated with sites of chronic inflammation, 

Earlier attempts at the preliminary characterization of HIA 
released by glycogen-induced PEC of rabbit led to the postulate 
that PLA, was indeed responsible for the observed vasoac- 
tivity’. In this study, the capacity for PLA, (purified from the 
venom of Crotalus atrox) to enhance regional blood flow in 
rabbits after i.d. injection was quantified by the radiolabelled 
microsphere method described elsewhere’. The kinetics of 
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Fig. 1 Kinetics of hyperaemia induced by various vasoactive 
agents. The putative vasoactive agents were injected id. in G.1-mi 
aliquots into the dorsal skin of rabbits at various times before the 
administration of 10-~m diameter *’Co-labelled microspheres 
(NEN) as described elsewhere’. In this way, the blood flow to 
lesions of various ages was determined in the individual animals. 
Each point represents the mean per cent increase in blood flow 
(n = 18 sites in three rabbits)+s.e.m, The various reagents were 
made up in phosphate-buffered saline (pH 7.4) to the concen- 
trations indicated: a, arachidonic acid (1,000 ug mi’); b, PGD» 
(10 agmi’); c, PGE, (10pgmi'}; d, PGL (10ngemt™: e 
phospholipase A, (100 pug mi~ +; from C. atrox), f Injections of 
physiological saline (0.9% ) served as a control. 


induction of hyperaemia after id. injection are distinct and 
characteristic for different vasoactive agents*’, Figure 1 
compares the hyperaemia profile of venom PLA, with those of 
arachidonic acid and its stable vasoactive metabolites, pros- 
taglandins (PGs) D, E, and IL. Arachidonic acid and the 
vasoactive prostaglandins showed a rapid onset with peak 
enhancement of blood flow at 15-30 min after injection, 
followed by a rapid decay. The vasoactive effect was short lived 
compared with purified venom PLA,, which showed a protrac- 
ted onset of hyperaemia, with peak enhancement of blood flow 
at 120-180 min after injection, followed by a slow subsidence of 
hyperaemia. This time course is similar to that described“ for the 
HIA of the conditioned medium of rabbit PEC (PEC-CM), If 
inflammatory cells release PLA, in situ, this enzyme might be 
expected to enhance regional blood flow. 

Sterile peritoneal exudates were induced in New Zealand 
white rabbits (2.5-3 kg) by intraperitoneal (i.p.) injection of 
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Fig. 2 Kinetics of release of phospholipase Az by rabbit PEC. 
PEC were washed twice and incubated in medium 199 at 37 °C in 
5% CO, at a concentration of 1 x 10’ cells per ml. The cell-free 
supernatants were collected at 5, 10, 15, 20, 25 and 30h, and 
assayed for phospholipase A, activity as described previously’. 
The reaction mixture (pH 7.4) consisted of 1.3 ml culture super- 
natant (or medium 199 control), 100 pl 10% bovine serum albu- 
min in 0.9% saline and 100 ul labelled E. coli substrate. The 





pBPB resulted in a loss of PLA, enzyme activity with a 
concomitant loss of HIA activity. 

Table 1 compares HIA and PLA, activities on the basis of 
these criteria. The similarity of the respective activities strongly 
suggests an identity of PLA, with HIA; various observations in 
the literature support this contention. In rabbits, the intra- 
tracheal administration of cobra venom factor contaminated 
with PLA, evoked a massive inflammatory response’*. The 
pro-inflammatory potential of this preparation was completely 
abolished by inactivation of PLA, with pBPB. The extracellular 
PLA, may exert its effects by the generation of biologically 
active reaction products such as the prostaglandin family of 
arachidonic acid derivatives, cytotoxic free fatty acids'” and the 
highly pro-inflammatory lysophosphatidic acids'*. These lyso- 
derivatives are also potent platelet aggregators'’, and exert 
systemic vasoactive effects'®. It is interesting to note that the 
non-steroidal inhibitors of PLA,, specifically, mepacrine, pBPB 
and CB874, all showed anti-inflammatory activity as assessed by 
their effect on carrageenin-induced rat paw oedema’’. 

Although evidence implicates the activated macrophage as 
the source of the HIA‘ and PLA,*, the possible contributions by 
other cell types remain to be resolved. However, the extracel- 
jular release of PLA, is not without precedent. PLA, activity has 
been detected in the cell-free supernatant fraction of sterile 
peritoneal exudates produced in rabbits”’, as well as in lymph 
plasma draining inflamed sites” in sheep. Regardless of whether 
the mechanism involves active secretion or passive release, the 


reaction was allowed to proceed for 15 min at 37 °C. Results are 
expressed as the per cent hydrolysis of total radioactivity 
incorporated. Medium 199 control has been subtracted. 


100 ml of 5% glycogen in sterile saline. The PEC were collected 
and cultured as described previously‘. The 5-day-old exudates 
consisted of an average of 60% macrophages, 36% small 
lymphocytes and <4% neutrophils and erythrocytes as deter- 
mined by Leishman’s staining. Viability of cells, as measured by 
Trypan blue exclusion, was >85% after 20 h of culture. Repli- 
cate cultures were initiated and the PEC-CM assayed at 5-h 
intervals for the release of PLA, activity (Fig. 2), using as the 
substrate '*C-oleic acid-labelled Escherichia coli which had 
been autoclaved to inactivate endogenous PLA. Details of the 
modification and of the specificity of this assay are given else- 
where®’’, PLA, activity was detected in the culture supernatants, 
and the kinetics of release of PLA, (Fig. 2) were similar to the 
kinetics of release of HIA from PEC’. Release of PLA, was 
essentially complete by 10h after the cultures had been 
established. We consistently found diminished activity after 10 h 
which may have been due to a negative feedback inhibition of 
activity by reaction products, or perhaps an increased degrada- 
tion of PLA; by other proteolytic enzymes secreted by these 
cells. 

The PEC-CM was fractionated by Sephadex G-50 gel filtra- 
tion and the eluate assayed for both HIA and PLA, activities 
(Fig. 3). Both the PLA, enzyme activity and the HIA biological 
activity migrated with an approximate molecular weight of 
10,000-13,000. This relatively high molecular weight (observed 
in dissociating buffer) further distinguished HIA from the low- 
molecular weight prostanoid fatty acids and vasoactive peptides 
such as kinins, angiotensins and vasoactive intestinal peptide. 

pBPB is an active site-directed histidine reagent that 
inactivates PLA.s from snake venom”, horse’’, sheep’ and pig 
pancreas’’. Briefly, PEC-CM was dialysed against 50 mM Tris, 
50 mM EDTA buffer pH 7.5 and 1.15 ml of the medium was 
reacted with 60 pl of 2 mM pBPB in acetone for 30 min at 22 °C. 
Acetone alone was added to controls. The reaction mixtures 
were dialysed exhaustively against 50 mM Tris, 25 mM CaCl, 
buffer pH 7.5. Samples were assayed for HIA and PLA, activi- 
ties. The reaction mixture for the PLA, assay consisted of 200 pl 
PEC-CM, 1.0 mi 50 mM Tris, 25mM CaCl, buffer pH 7.5, 
200 ul 10% bovine serum albumin and 100 ul labelled E. coli 
substrate. The reaction was allowed to proceed for 15 min at 
37°C. Treatment of the active column fractions (see Fig. 3) with 
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Fig. 3 Gel filtration of PEC-CM, using Sephadex G-50. PEC 
were incubated for 24 h in medium 199 as described in Fig. 2 
legend. The conditioned medium was centrifuged at 500g for 
10 min to remove cells and debris. The supernatant was lyophilized 
and reconstituted in one-tenth the original volume and exhaus- 
tively dialysed, using Spectrapor tubing 3 (Spectrum Medical 
Industries, MW cut-off 3,500), against 50 mM Tris, 25 mM CaCh, 
1.5 M NaCl pH 7.5. An aliquot of the dialysed sample (1.0 mi) was 
applied to a 1x 55cm Sephadex G-50 column equilibrated and 
eluted with 50mM Tris, 25mM CaCl, 1.5 M NaCl pH 7.5. 
Fractions of 1.1 ml were collected and analysed for a, protein 
content; b, phospholipase A, activity; and c, hyperaemia-inducing 
activity. The column was calibrated with protein markers of known 
molecular weight; their elution positions are indicated in panel a. 
The HIA and PLA, activities were assayed as described in legends 
to Figs 1 and 2 respectively. 
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Table 1 Comparison of HIA and PLA, activity 





Criteria for comparison HIA PLA, 


Hyperaemia on intradermal 
injection Yes Yes 


Kinetics of induction of 2-h peak 2-h peak 
hyperaemia in rabbit skin 
Kinetics of release in vitro® Maximum at Maximum at 
10h 10h 
Inhibition of release 
in vitro” by: 

Indomethacin No No 
Dexamethasone Yes Yes 
Molecular weight 10,000-13,000 10,000-13,000 

Inactivation by pBPB Yes Yes 


LTTE AL LCL ETN ANNAN EAA NOH nAaR 


liberation of PLA, into the interstitium may represent a mode of 
amplification of PG generation by increasing the available 
phospholipid substrate of the lipid membranes of surrounding 
cells. The enhanced formation of PG by the injection of exo- 
genous PLA, is well documented’. 

The observed release of PLA, in response to inflammatory 
stimuli and the hyperaemia-inducing effect of exogenous PLA, 
Suggest a common mechanism of action of anti-inflammatory 
drugs such as mepacrine and the corticosteroids. Steroidal anti- 
inflammatory drugs inhibit PLA, activity”?* and also abolish 
hyperaemia and other signs of the inflammatory response. In 
fact, there is a direct correlation between the anti-inflammatory 
efficacy of corticosteroids and their ability to inhibit PLA, 
activity’. Mepacrine, a non-steroidal inhibitor of PLA,2°, is 
effective in the treatment of rheumatoid arthritis and systemic 
lupus erythematosus. 

The data from these experiments and others from the lit- 
erature support the contention that PLA, released from 
inflammatory cells has a central role in the mediation of 
hyperaemia and may therefore modulate other parameters of 
the inflammatory response. The anti-inflammatory efficacy of 
certain steroidal and non-steroidal drugs may partially reside in 
their ability to inactivate extracellular PLA,. 

We thank Ms W. Hunter and Ms O. Freitag for technical 
assistance. P. V. is a Medical Scientist of the Canadian Heart 
Foundation. This study was supported by the MRC of 
Canada. 
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Somatic rearrangement of gene segments enables higher 
organisms to generate additional genetic diversity from an 
essentially limited and otherwise linear genome. The only 
known example of this powerful mechanism in vertebrates is the 
immune system, in which active genes are somatically assembled 
from distant pieces of DNA’. This process operates both in 
V-J (light chain) or V-D-J (heavy chain) joining, to form novel 
variable region genes from widely separated coding segments*”’, 
and in heavy chain class switching, whereby assembled variable 
region genes are switched from one heavy chain gene to 
another ’’'*. The latter process correlates with the sequential 
appearance of the same V region in association with different 
heavy chains during B-cell development'**. Conserved 
sequences adjacent to these genes may be required for the two 
processes****-*, In the case of the heavy chain class switch 
from the p to the æ gene, such sequences involve 2~3-kilobase 
(kb) segments characterized by tandem pentanucleotide and 
higher-order repeats’**”*”*, We have previously shown that this 
region has been selectively conserved in both mouse and man 
and therefore changed little during the 70 Myr since these 
species have diverged”. Using the switch segment as a hybri- 
dization probe, we now show that approximately 15 switch-like 
regions are present in germ-line DNA and that only one is 
deleted during the -æ switch that has occurred in the IgA- 
producing cell line, S107. As the heavy chain constant region 
locus from y through £ is deleted in this cell line (including all 
the other known heavy chain genes), we conclude that the 
remaining switch-like signals lie outside this region. 

Gene cloning techniques were used to characterize the heavy 
chain loci of the IgA-producing plasmacytoma line $107 (ref. 
29). Two allelic copies of the heavy chain gene have been 
rearranged in this cell so as to involve the œ gene (see map of the 
$107 recombinant and $107 ‘aberrant’ in Fig. 1, and the rear- 
ranged 5- and 18-kb EcoRI fragments that hybridize to an a 
probe in Fig. 2, lanes a). One of the rearranged genes cor- 
responds to the a chain produced by the $107 cell, while the 
other is an aberrant recombinant in which a fragment of DNA, 
not obviously related to the immunoglobulin system, has been 
joined to the switch site close to the a coding region. Both 
rearrangements have resulted in loss of the genetic sequences 
lying between the u and the a switch segments (see maps, Figs 1 
and 2, and description below). Deletion of u constant regions 
has been noted in experiments designed to establish the nature 
of the switching mechanism’'. Our data are consistent with this 
result except that we can detect rearranged V regions in $107 
DNA (data not shown) and the deletion of the yand © genes as 
well (see below). 

Previous studies using a DNA fragment containing the g 
switch region have shown that it cross-hybridizes with several 
restriction fragments”. These are confirmed by the analysis 
shown in Fig. 2. The data presented here further show that only 
one of the more than 15 cross-hybridizing fragments detected 
with the u switch probe disappears in the $107 cell. The lost 
fragment, a 12-kb band, is replaced by a new 5-kb band, as 
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Fig. 1 Maps of germ-line mouse u 
and a and $107 rearranged a genes, 
constructed from cloned DNA frag- 
ments from partial restriction 
endonuclease digests of total mouse 
12-day embryo (J. G. Seidman, 
personal communication) or $107 
DNA using cDNA and genomic 
probes. The generation of the 
libraries”, isolation of the clones with 
the phage A vectors CH4A*' and 
ACH28 (F. Blattner, personal com- 
munication), the phage packaging 
system”? and an in situ hybridization 
technique? have been described 
elsewhere. Open bars indicate the 
coding domains of the œ and yw 
constant regions. Elongated rectan- 
gles indicate the mouse heavy chain J 
segments and the V-D-J segment of 
the $107 recombinant. The triangle 
covers an area of switch region 
homology between the u and a genes. 
The u and u ‘footprint’ regions are 
indicated by cross-hatching; the 
‘foreign’ DNA of the $107 ‘aberrant’ 
gene by stippling. A line shows the 
presumed recombination event 
between u and a that resulted in the 
formation of the $107 recombinants. 
Relevant restriction sites for each 
gene fragment are shown (RI, EcoRI; 
B, BamHI; HIII, HindIII). 
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shown in Fig. 2, lanes ‘u switch’. That the region between the u 
and a genes is deleted from the $107 genome is shown by the 
disappearance of the u, y and £ fragments from the DNA (Fig. 
2, lanes uw, y and £). In our hybridization conditions (see Fig. 2 
legend), the u switch region probe hybridizes to the a, but not to 
the y or e switch regions’®. Because of this and the deletion of 
the DNA segment between u and a, we conclude that there are 
multiple segments of DNA in the mouse genome that are 
homologous to the u switch region, almost all of which are 


Fig. 2 Hybridization of mouse embryo 
and $107 cell line DNA to probes from 
the immunoglobulin heavy chain locus, 
Twelve-day total mouse embryo and $107 
cell line DNA was digested with EcoRI, 
electrophoresed on 0.75% agarose. trans- 
ferred to nitrocellulose by the method of 
Southern** and hybridized with the **P- 
labelled probes indicated on the sche- 
matic map (not drawn to scale). The u 
switch probe was a 1.5-kb Hha to Hha 
fragment located 2 kb 5’ from the w cod- 
ing region and was found by nucleotide 
sequencing to contain the characteristic 
sequence repeats previously described in 
mouse switch regions (refs 23-27 and 
J.V.R., unpublished results). The constant 
region probes were (1) a 0.8-kb Hha to 
Hha u probe; (2) a 2.5-kb Sac to Sac yl 
probe; (3) a 4.5-kb Bam to Bam e probe; 


E 


uSwitch 


and (4) a 3.2-kb Sma to Xba a probe. VDJ, 234 Switch 

Low-stringency hybridization conditions 

(6xSSC, 70°C) and high-stringency 

washes (0.1xSSC, 0.1% SDS, 52°C) 

were used, The resulting autoradiograms 

shown are a compilation of several experi- Probes s en 
wi 


ments; no attempt has been made to align 
comparable fragment sizes across all the 
lanes, only within each comparison of 
embryo (E) 
e have been deleted in $107. The æ probe identifies two EcoRI fragments in 
block (see Fig. 1). The smaller (~4.2 kb) 3’ fragment remains unchanged in 
The larger a-containing (~10 kb) 5’ fragment in embryo DNA is replaced in 
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encoded beyond the confines of the constant region locus as 
defined 5' by the u switch region and 3’ by the æ constant region. 

The physiological significance of multiple switch-like 
sequences positioned at some unknown distance from the 
immunoglobulin heavy chain constant region locus cannot yet 
be evaluated. These sequences could represent pseudocopies of 
the switch region; that is, sequences of no functional value that 
arose by gene duplication, that have been scattered along the 
chromosome on which heavy chain genes are located or even 
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and $107 cell line DNA. The autoradiograms demonstrate that sequences identified in embryo DNA by the constant region probes for u, yl and 


embryonic DNA because the a gene contains an EcoRI site in the second coding 


S107 DNA as expected, because the p-a switching events occur 5' to this fragment. 


S107 by fragments of ~18 kb and ~5 kb, reflecting a different rearrangement on 


each of the two homologous chromosomes bearing heavy chain genes. Clones corresponding to both of these fragments have been obtained (I.R.K. and S.P.K., 


unpublished results) and characterized by nucleotide sequencing; they correspond, respectively, to the 
Fig, 1. The u switch probe identifies ~15 hybridizing bands in both embryo and $107 DNA. The 
both the u switch and coding regions (see map, 
band is replaced in $107 DNA by an intense ~5-kb band corresponding to the functional recombinant gene. Taken together, 


the ~12 kb embryonic EcoRI fragment containing 


that on both chromosomes in $107, rearrangements occurred which deleted 
arrow). The other 15 or so EcoRI fragments 
occurring in the y-a switch as is presumed 


‘$107 aberrant’ and ‘S107 recombinant’ genes shown in 
strongest of these in embryonic DNA corresponds in size to 
Fig. 1), the fragment from which the probe was derived, This 
these blots support the conclusion 
the entire region between the u switch and the a switch (indicated by the long 


which hybridize to the u switch probe in S107 must therefore lie outside this locus. The arrow indicates the rearrangement 
to have occurred in the formation of the $107 heavy chain gene. 


Gene linkage has been established for the entire region 


except for the area between 6 and 5' of y3 (refs 35, 36). The figure is a compilation of data from several experiments; no attempt has been made to indicate 


comparative fragment size by alignment across all the lanes. 
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transposed, to other chromosomes where they undergo evolu- 
tionary drift. On the other hand, the fact that analogous 
sequences are involved in the somatic recombination of anti- 
body genes makes these multiple switch-like segments attractive 
candidates for a recombinational function as yet unidentified in 
the immune system or in some other system of somatically 
recombining genes. 

Note that in the ‘aberrantly’ recombined a gene present in 
$107 (Figs 1, 2), a segment of DNA has been joined directly to 
the @ switch region. When a probe is prepared from this 
segment, it detects a single EcoRI fragment of DNA in embry- 
onic DNA (its germ-line configuration) and the same germ-line 
fragment and itself in S107 DNA (Fig. 3, lanes E and $107 ). The 
joined fragment obviously also lies outside the -æ switch 
region borders of the heavy chain locus in germ-line DNA. It 
does not hybridize to $107 V or J region probés (data not 
shown). As this segment has been joined directly to the switch 
region, it may have been joined to the æa switch locus by a 
recombination event facilitated by a switch-like complementary 
sequence. We have not yet been able unequivocally to identify 
one of the uw switch fragments as that corresponding to the 
embryonic configuration of this joined segment. We also do not 
know the functional significance, if any, of this segment. 
However, this DNA segment rearranges in other myeloma cell 
lines. Figure 3 shows an EcoRI digest of DNA derived from 
myeloma cell lines $176 (IgA-A) and TEPC15 (IgA-K) as well 
as from $107 and mouse embryo; germ-line and rearranged 
bands appear in each. We have seen this fragment rearranged in 
five of six different IgM and IgA lines of varying idiotype tested 
and therefore suspect that it may be relevant, in some as yet 
unknown way, to heavy chain formation. 

The switch segments within the immunoglobulin heavy chain 
locus allow a powerful mechanism to operate so as to create new 
genetic possibilities within the humoral immune system. The 
finding of multiple switch-like segments outside the immuno- 
globulin locus will prompt further investigation into the 
behaviour of these segments in other gene systems. 

We thank J.G. Seidman for providing the mouse embryo 
library, M. D. Scharff for helpful discussions and for the $107 
plasmacytoma cell line DNA, Barbara Norman and Marion Nau 
for help in creating the clone libraries, and Terri Broderick for 
helping to prepare the manuscript. 
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Fig.3 Identification of rearrangeable DNA 
fragments in mouse embryo and three 
myeloma cell line DNAs. A map of an aber- 
rantly rearranged æa immunoglobulin gene 
segment derived from the $107 cell line is 
shown and labelled as in Fig. 1. The filled bar 
beneath the map represents a probe used to 
detect the rearranged fragment. EcoRI- 
digested DNAs from total mouse embryo and 
myeloma cell lines TEPC15, $176 and S107 
were prepared and blotted as described in Fig. 
2 legend. The 5.5-kb **P-labelled probe was 
prepared following BamHI digestion and 
subsequent subcloning. There is a single large 
(>22kb) EcoRI fragment in embryonic 
DNA. Each myeloma DNA retains this 
fragment and also demonstrates a second 
rearranged fragment. The fragment identified 
in the $107 DNA corresponds to the ~18-kb 
EcoRI fragment from which the probe was 
derived. 
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Haemoglobin binds oxygen cooperatively. In mammalian and 
bird haemoglobins the oxygen affinity is modulated by hydrogen 
and chloride ions, organic phosphates and CO, (ref. 1), and the 
amino acid residues responsible for these so-called heterotropic 
effects have been identified*”. In some fish haemoglobins these 
heterotropic effects are modified to adapt the fish to their 
specific habitats’. We have determined the functional properties 
and amino acid sequences of the haemoglebins in trout blood 
and in the Amazonian fish Prerygoplichthys pardalis (Pt Hbl), 
which is a facultative air breather*”. Trout Hbl binds oxygen 
cooperatively, but shows no Bohr effect over the pH range 5-9 
and no organic phosphate effect’, Pt Hb! also binds oxygen 
cooperatively; its Bohr effect is small and reversed and its 
oxygen affinity is lowered by organic phosphates below pH 
7.0-7.5 (ref. 9). Both haemoglobins represent substantial frac- 
tions of the total pigments in the red cells. We have now analysed 
the amino acid sequences of these two proteins to discover 
whether the particular residues thought to be responsible for the 
Bohr effect and organic phosphate binding in mammalian 
haemoglobins have been replaced by others in fish haemo- 
globins*”""", 
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Table 1 shows our results, which are consistent with the 
attribution of the major part of the alkaline Bohr effect in 
mammalian haemoglobins to valine 1a and histidine 1468. On 
the other hand, they are not consistent with the suggestion that 
~25% of the alkaline Bohr effect in haemoglobin A (HbA) is 
due to histidine 122a, as this is also present in trout HbI’’. 

Figure 1 shows the residues in the crevice between the two 
B-chains, which was originally shown by Arnone’ to be the 
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Fig. 1 Schematic drawing of the binding site for organic phos- 

phates in HbA, as indicated by Arnone” (top); analogous schemes 

for Pt HbI (middle) and trout HbI (bottom) are also shown, to 

indicate the profound and characteristic changes in the arrange- 

ment of charges which have occurred in the central crevice of these 
two fish haemoglobins. 





Table 1 Ligand-linked groups in human HbA, trout HbI and 
Pterygoplichthys Hbl 





Linked with 
HbA DPG Ci Trout HbI Pt Hbi 
a chain Vali — + Ac-Ser Ac-Ser 
His 122 — 9 His 2 
Bchain Vall + + Val Val 
His 2 + + Glu Ser 
His 143 + + Ser Ser 
His 146 ~ Phe Phe 


seseenaappnamnanaanaasmararerarbiiettetaihaeasainssssanarrern AANA NAAA AAAA AAA aAa 


All the residues involved in the Bohr effect either directly or through 
linkage with DPG and/or CF binding are indicated. 


diphosphoglycerate (DPG) binding site in deoxyHbA. 
Subsequent experiments have confirmed this”. Figure 1 also 
shows the corresponding residues in the two haemoglobin 
components from trout and Pterygoplichthys. In trout HbI, the 
amino acid residues involved in the binding of DPG are all 
substituted by unfavourable side chains; in particular, Lys 826 is 
substituted by Leu and His 28 by Glu. These substitutions, 
which abolish the cluster of positive charges around the dyad 
axis of the molecule and instead insert two negative charges (Glu 
2), account for the lack of binding of organic phosphates by 
trout deoxyHblI and oxyHbI. We have recently discovered that 
the binding of sodium ions is O, linked in trout HbI™*. On the 
other hand, in Pt HbI, Lys 828, which is a critical residue in the 
binding of DPG, is conserved and His 28 is substituted by Ser. 
Therefore, the organic phosphate effect is still observed in Pt 
HbI, although the affinity constant is smaller than in HbA (ref. 9 
and unpublished results). 

The close agreement of these structural data with the 
information available for HbA is remarkable, and strongly 
supports the conclusions for the mammalian protein’. 
However, it is not consistent with the attribution of the alkaline 
Bohr effect to the sum of small contributions from many resi- 
dues'®, The physiological significance of these differences in 
heterotropic effects in the various organisms, in relation to their 
O, demands in different environments, is unknown. Although 
cooperative O, binding is a characteristic feature of all tetra- 
meric haemoglobins, the heterotropic effects are often variable 
and/or absent in haemoglobins from lower vertebrates. Perhaps 
the fine tuning of O, release, operated through heterotropic 
phenomena, evolved from a ‘core’ of functional and structural 
features underlying the homotropic effects, possibly by a gene- 
duplication mechanism”®. 
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The function of DNA methylation in eukaryotes is unknown. 
The introduction of methyl groups into the major groove of 
B-form DNA has been shown to affect DNA-protein inter- 
actions in prokaryotes’, and it is probable that they perform 
analogous functions in eukaryotic DNA. Thus, there is 
considerable interest in the possibility that DNA methylation 
may be involved in regulating DNA transcription and in es- 
tablishing stable patterns of genetic expression in higher 
organisms’. Restriction enzyme studies have shown that 
methylation of eukaryotic DNA is not random; methylation 
patterns are tissue specific when individual genetic loci are 
examined’. On the other hand, it is also apparent that these 
tissue-specific patterns tend to be rather subtle and to occur 
within overall levels of methylation that are relatively constant 
in all tissues of a given organism‘. For example, no significant 
change in total DNA methylation has been detected during 
embryogenesis in either the sea urchin” or the mouse®, even 
though rapid cellular differentiation is occurring. We present 
evidence here, however, for extensive changes in methylation 
accompanying early differentiation in the rabbit embryo. 
Whereas the DNA of the early cleaving embryo is highly 
methylated, as is that of the later embryoblast, the terminally 
differentiated trophoblast’ is demethylated by about 35%. 

Almost all methylation in mammalian DNA occurs as methyl- 
cytosine (MeC) in the sequence 5'-CpG (ref. 10). As pointed out 
by Bird and Southern’', the bacterial endonucleases Hpall and 
MspI are especially useful in probing CpG methylation. Both 
enzymes cut DNA at the sequence 5’-CCGG; Hpall will not cut 
if the internal cytosine is methylated whereas Mspl will'?. Thus 
differences between the observed fragment sizes resulting from 
complete digestion with HpaII and MspI can be ascribed solely 
to 5’-CMeCGG. From published values for base composition 
and nearest-neighbour frequencies”, we calculate a value of 2.2 
kilobase pairs (kbp) for the weight-average length of rabbit 
DNA fragments expected after digestion with MspI'*, As shown 
in Fig 1a, when embryonic DNA is radiolabelled with [Me- 
“H]thymidine, digested to completion with Msp\ and elec- 
trophoresed in 1.6% neutral agarose, the resulting fragments 
are distributed over a broad size range. The observed weight- 
average length—the point in the gel at which equal amounts of 
radioactivity are recovered in both larger and smaller frag- 
ments—corresponds to 2.4+0.2 kbp. We therefore conclude 
that essentially all 5'-CCGG sites are accessible to MspI. 

As shown in Fig. 1b, few of these sites in the DNA of the early 
cleaving embryo are cut by Hpall. The weight-average length of 
these fragments is 7.2+ 0.4 kbp. As the weight-average length is 
twice the number-average length in random polymers’, and the 
number of fragments produced from a given length of DNA is 
one greater than the number of enzymatic cuts, we calculate that 
Hpall cuts only 4.6 of 15.7 possible 5'-CCGG sites in this DNA 
preparation of ~20 kbp. Thus, 11.1 of the 15.7 sites (71%) seem 
to be methylated in the DNA of the early cleaving embryo. 

By the third day of development, the morula resulting from 
cleavage divisions begins to be transformed into an early blas- 
tocyst in which trophoblast and embryoblast (inner cell mass) 
cells are visibly differentiating. The DNA in these early blasto- 
cysts was found to be more extensively cut by Hpall (Fig. tc). 
The weight-average length of these fragments has decreased to 
4.4+0.1 kbp which, by the calculation indicated above, cor- 
responds to 48% methylation at 5’-CCGG sites. This reduced 
level of methylation is also apparent in the DNA of the late 
blastocyst at 6-7 days of development (Fig. 1d). 
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The large size of the late rabbit blastocyst makes it possible to 
separate embryoblast and trophoblast cell populations manually 
so that their DNAs can be analysed in isolation. As shown in Fig. 
2, the pattern of Hpall digestion obtained with total blastocyst 
DNA (Fig. 1d) reflects that of the trophoblast, which comprises 
about 95% of the cell population at this stage™®, The Hpall 
digestion pattern of embryoblast DNA, on the other hand, is 
very similar to that of the early cleaving embryo. The contrast 
between trophoblast and embryoblast DNAs is also seen when 
other CpG enzymes are used—Hhal (recognition sequence 
5'-GCGC) and Sall (5’-GTCGAC)—alsc shown in Fig. 2. It is 
known‘ that both enzymes are prevented from cutting DNA by 
MeCpG, but as isoschizomers of these enzymes are not avail- 
able, their failure to cut embryoblast DNA as effectively as 
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Fig. 1 Cytosine methylation in the sequence 5'-COGG in the DNA of the 
pre-implantation rabbit embryo. Embryos from New Zealand White rabbits 
were radiolabelled by incubation in pivo in modified F-12 solution? 
containing 5% rabbit serum and [Me- "H]thymidine (NEN: 40-66 
Ci mmol™') at 2.5-5.0 pCi ml”! for 4-20 h. The zona pellucidas were then 
removed and the embryos digested overnight at room temperature in 
0.1-1.0 mi 100 mM NaCl, 10 mM EDTA, 0.6% SD3 containing proteinase 
K at 100 ug mi”. The digests were then extracted with an equal volume of 
phenol/chloroform (1:1) followed by a second extraction with an equal 
volume of chloroform/isoamyl alcoho! (24:1). Nucleic acids were pre- 
cipitated from the final aqueous phase in 0.2 M NaC? by the addition of 2.5 
volumes of 95% ethanol. Precipitates were collected by centrifugation, dried 
under vacuum and resuspended in the appropriate buffer for endonuclease 
digestion. Control samples were mock-digested in Hpall buffer. Phage A 
DNA (1 ug) was added to each reaction mixture to monitor the completion 
of digestion. At least a fourfold excess of enzyme was used and the mixtures 
were incubated at 37 °C for 1 h. The digests were then applied ta fx 110 mm 
tube gels of 1.6% agarose. Electrophoresis was carried out in È buffer 
(40 mM Tris, 20 mM Na acetate, 2 mM EDTA pH 7.8) at 1 mA per gel for 
16 h. Gels were stained with ethidium bromide and phage A DNA fragments 
identified under UV light. The gels were then fractionated into 1 mm slices 
using a Mickel gel slicer. The gel slices were solubilized in 150 wil MHClin 
a boiling water bath for 20 min, cooled to room temperature and mixed with 
3.5 mi BetaGel (WestChem Products). Radioactivity in gel fractions was 
determined to <5% s.e. in a Beckman LS-230 liquid scintillation counter, 
HindIII digests of phage A DNA were electrophoresed in parallel gels to 
provide fragment size standards. The radioactivity profiles shown were 
verified by duplicate or triplicate assays Of separate embryonic samples. a, 
Mspl digest of DNA from the late 6-day blastocyst; the position of phage A 
DNA fragments after HindIII digestion is shown across the top. 6, DNA 
from cleaving embryos radiolabelled from the 2-cell to the B-cell stage 
{20h}. c, DNA from embryos radiolabelled for 20 4 at the morula—early 
blastocyst transition. d, DNA from late 6-day blastocysts radiolabelled for 
4h. Dotted lines in b, c and d are the mock-digested control sample, and 
solid lines represent the radioactivity in the Hpall digest, Approximately 
equal c.p.m. were applied to each of the paired gels at each embryonic stage. 
For comparative purposes, the total ¢.p.m. recovered from over 100 shces of 
each gel were determined and equalized for each pair. although only the 40 
fractions from the origin are shown in the figure. The native DNA in all 
preparations migrated with an apparent length of 20-25 kbp. 
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Fig. 2 Restriction endonuclease digests of *H-DNA from trophoblast and 
embryoblast cells of the late 6-day rabbit blastocyst. Intact blastocysts were 
radiolabelled in vitro with [Me- H]thymidine at 5 pCi mi~? for 4h. The 
embryoblast area was then excised from each blastocyst; the incorporated 
radioactivity in these fragments averaged 4.5-5.5% of the total. DNA was 
extracted from the pooled trophoblast and embryoblast fragments, digested 
with the indicated endonuclease and electrophoresed as described in Fig. 1 
legend, except that 1.2% agarose gels were used for the Sa digests. 
Approximately 75,000 c.p.m. were applied to each gel. To allow direct 
comparisons between trophoblast and embryoblast with each enzymatic 
digestion, the c.p.m. totals recovered from each pair of gels were normalized. 
The profiles shown are the result of duplicate or triplicate analyses. 


trophoblast DNA is only probably, rather than certainly, due to 
differences in cytosine methylation. 

Singer et al.® estimate that ~50% of the 5'-CCGG sites in 
DNA from adult rabbit tissues are methylated, a value almost 
identical to the one we derive for the early trophoblast. Thus 
although the methods used to arrive at these values differ, it may 
be that the trophoblast in the rabbit is the first cell type to 
acquire the ‘adult’ level of methylation, perhaps by virtue of its 
status as a terminally differentiating cell, and that the extensive 
methylation of embryoblast DNA is characteristic of develop- 
mentally pluripotent cells. It is evident that this divergence in 
methylation patterns begins as early as the fourth day of 
embryogenesis, some 9-10 cell divisions after zygote forma- 
tion’® (Fig. 1c). The biological evidence allows the conclusion 
that at least some of the blastomeres remain totipotent’’ 
through the 8-cell stage of rabbit embryogenesis. Although it is 
conceivable that the minor amount of hypomethylated DNA 
detectable in the cleaving embryo (Fig. 1b) becomes pref- 
erentially segregated into the blastomere(s) destined to become 
trophoblast, we consider it more likely that DNA is uniformly 
methylated in all blastomeres at least to the 8-cell stage and that 
demethylation of about 1/3 of the CpG sites accompanies 


trophoblast differentiation. Note also that rabbit sperm DNA is 
found to be extensively methylated at 5’-CCGG sites”. 

Overall CpG methylation in radiolabelled DNA of the mouse 
embryo is reported to remain essentially constant during this 
same early period; 5’-CCGG sites are about 75% methylated in 
the mouse embryo as well as in the adult”. It seems probable that 
the reported analyses of radiolabelled total mouse blastocyst 
DNA reflect primarily methylation of embryoblast DNA rather 
than the trophoblast pattern we find in the rabbit. The mouse 
blastocyst contains not only a higher proportion of embryoblast 
cells than does the rabbit’, but in addition these embryoblast 
cells are known to be more active in DNA synthesis than the 
trophoblast'*. It will be of great interest, although considerably 
more difficult, to isolate mouse and other mammalian tropho- 
blast cells for analysis of their DNA methylation in comparison 
with embryoblast and adult cell patterns. 

Where attempts have been made to relate DNA methylation 
to transcriptional activity’, a general but by no means universal 
finding is that unmethylated sites in DNA are more actively 
transcribed. Exceptions to this rule include the highly methyl- 
ated sequences encoding ribosomal’? and 5S RNA” in Xenopus 
DNA which are actively transcribed, as well as the unmethylated 
y6B-globin locus in human placental DNA which is not tran- 
scribed*. Our results further emphasize the complexity of the 
relationship between DNA methylation and transcription. Pre- 
vious autoradiographical studies in this laboratory have 
indicated that the highly methylated rabbit embryoblast DNA is 
transcribed more extensively than the hypomethylated tropho- 
blast DNA”’. 

In the system we describe here, demethylation of DNA can be 
more obviously related to loss of developmental potential. The 
asymmetric cell division(s) that must occur in this initial 
differentiative event to segregate the unipotent trophoblast 
from the pluripotent embryoblast is formally analogous to the 
stem cell phenomenon discussed by Holliday and Pugh’, 
although demethylation of the DNA in the terminally differen- 
tiating cell is occurring rather than the de novo methylation 
proposed in their model. Nonetheless, our findings indicate that 
mechanisms do exist in the cells of higher organisms to bring 
about rapid and extensive alterations in DNA methylation, and 
that this form of DNA modification can parallel developmental 
events. 

This work was supported by grant HD 15037 from the 

National Institute of Child Health and Human Development, 
US Department of Health and Human Services. 
Note added in proof: By radiolabelling late rabbit blastocysts 
simultaneously with [Me-'*C]thymidine and [Me-’H]L- 
methionine, we have recently found that the *H/'"C ratio in 
trophoblast DNA is 64% of the value obtained in embryoblast 
DNA, a finding consistent with the enzymatic data presented 
here. 
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There is now convincing evidence that glutamate is a trans- 
mitter substance of major importance in the central nervous 
system, With new techniques and approaches rapid advances 
are now likely. 

The book aims to bring together a number of research warkers 
expert in the glutamate field and to provide a broad overview 
for the neuroscientist entering this area of research. The main 
approaches that can be used and their associated problems and 
pitfalls are reviewed. 
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A comprehensive review of the most recent research into the 
organization and function of the central nervous system, 
including vision, hearing, taste, olfaction, tactile perception, 
hunger, and somatic senses, 

Although visual and auditory sensations have been discussed in 
the past at the cortical level, this book brings together 
subcortical evidence of these sensations together with midbrain 
organization and cortical aspects of taste and olfaction. It also 
shows how these factors relate to hunger and the other senses. 


04771 08148 5 344pp September 1981 $43.25/£24.00 


Pharmacology and Biochemistry of 


Psychiatric Disorders 


by A.R. Green, MRC Unit and University Department of Clinical 
Pharmacology, Radcliffe Infirmary, Oxford, 

and D.W. Costain, University Department of Psychiatry, 
Littemore Hospital, Oxford 


An up-to-date and systematic review of both biochemical 
findings in psychiatric disorders and the pharmacological 
treatment of these disorders, this book discusses current 
hypotheses on the aetiology and pathology of mental illnesses 
and the mechanisms by which drugs have their therapeutic 
effects. 


0471099988 232pp September 1981 
04771100005 232pp September 19817 


Diabetes Mellitus: 
Diagnosis and Treatment, Combined Edition 


by M.B. Davidson, Cedars-Sinai Medical center: and 
UCLA School of Medicine, Los Angeles 


in a clear, concise format, this new reference provides the 
practical information needed to diagnose and treat diabetic 
patients, Supporting scientific data, combined with the author's 
years of professional experience, are presented to describe 
methods of teaching diabetic control, techniques of diet 
counseling, and fundamentals of providing emotional support. 


0477 09543 5 488pp September 1981 $22.50/£12.50 


August 1981 $39.00/£16.50 


(cloth) $32.00/£14.00 
(paper) $15.00/£6.50 





edited by M, de Vlieger, Erasmus University Rotterdam; 

S.A, de Lange, Erasmus University, Rotterdam, 

and W.R. Beks, State University, Groningen The Netherlands 
Despite the advent of steroid treatment, brair edema remains a 
crippling and often deadly complication in both trauma of the 
brain and in brain surgery. This volume is a comprehensive 
review of current knowledge of all aspects of the topic ~~ basic 
science and pathophysiology as well as clinical and therapeutic 
information. 

25 international experts present a uniquely balanced survey of 
brain edema. Their contributions are clear and authoritative 
summaries of research in their particular areas of expertise. 


0471 04477 6 190pp july 1981 $43.25/£22.75 


Current Neurology, Volume 3 

edited by S.H. Appel, Baylor College of Medicine, Houston, 
Texas 

Volume Three features timely contributiors from 31 noted 
authorities, focusing on such major topics as neuroendocrin- 
ology, pain and pain syndrome, neuro-ophthalmology, and 
computer tomography. 

Each contribution represents a major research and clinical 
activity of the past year or two, and is thoroughly evaluated in 
terms of clinical relevance. 


0471 09501 X 610pp july 1981 $66 .50/£35 00 


+ * # . 
Prostaglandins in Reproduction 
by N.L. Poyser, Department of Pharmacology, University of 
Edinburgh 
Describes the access roles for prostaglandins in reproductive 
processes, such as fertilization luteinizing hormone release, 
ovulation, luteolysis, menstruation, implancation, placental 
function, parturition and lactation. Prostaglandin production 
by reproductive tissue; the use of prostaglandins and analogues 
for inducing abortion and parturition in women, causing 
luteolysis in animals; maintaining the potency of the ductus 
arteriosus; the use of prostaglandin synthe ase inhibitors in 
pathological gynaecological disorders are all discussed, 
Prostaglandins Research Studies Series, Vol. z 
0471 09986 4 272pp july 1981 $44.00/ £17.75 
Research Studies Press: A Division of John Wiley & Sons Ltd, 


Current Pulmonology, Volume 3 


edited by D.H. Simmons, Division of Pulmonary Disease, LICLA 
School of Medicine 

This practical series provides an in-depth review of the full 
range of developments in pulmonology on a vearly basis. Fach 
of Volume Three’s twelve chapters offers extersive background 
material in the particular area covered, presenting important 
advances interwoven with candid critical evaluations and 
expert insight. The 20 contributing authors provide thorough 
analysis of current findings and supporting evidence. l 


0471 09505 2 452pp july 1981 $66.50/£35.00 
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The New Solar System 


Edited by J. KELLY BEATTY, BRIAN O’LEARY and 
ANDREW CHAIKIN 
with an introduction by CARL SAGAN 


This is an authoritative new guide to the solar system as it 
now appears at the culmination of two decades of space 
exploration. Presented by eminent researchers, and lavishly 
iNustrated with 150 full colour photographs, this book will 
remain up to date throughout the 1980s. £9.95 net 


Introduction to Comets 
JOHN C. BRANDT and ROBERT C. CHAPMAN 


An introductory account of comets which brings the reader up 
to date on the current state of cometary research. Besides 
discussing the facts and physical processes relating to 
comets, the text also covers historical development and future 
possibilities such as sending space probes out to comets. 
£21.00 net 


Practical Astronomy 
with your Calculator 


Second Edition 
PETER DUFFETT-SMITH 


The first edition of this astronomical recipe book was 
enthusiastically received, and this new edition is much 
enlarged with more than seventy problems and many new 
programs introduced in response to requests from users of the 
first edition. Students and professional astronomers will find 
this a handy guide to keeo by the desk. Hard covers £15.00 net 
Paperback £4.95 net 


Climate and History 


Studies in Past Climates and their Impact on Man 


Edited by T. M. L. WIGLEY, M. J. INGRAM and 
G. FARMER 


This account both reviews current work on the reconstruction 
of past climates and discusses how far climatic variations and 
changes have affected mankind during the last 3000 years. 
The results of fruitful cooperation between historians, 
archaeologists and scientists, this book provides a uniquely 
balanced view of these topics. £30.00 net 


Agricultural Plants 
R. H. M. LANGER and G. D. HILL 


An introduction to agricultural plants, their structure, botanical 
characteristics, their place in agriculture, their cultivation and 
uses, this book provides a description of important crop and 
pasture plants with illustrations as a basis for a foundation 
course in agricultural botany or plant science. 
Hard covers £20.00 net 
Paperback £7.95 net 


The Cell Cycle 


Edited by P. C. L. JOHN 


A series of concise accounts which together describe current 
research and future objectives for study of the cell cycle. 
Topics covered include prokaryote and eukaryote cells, timing 
and control of cell division, and regulation of cell cycles by 
hormones. Hard covers £20.00 net 
Paperback £8.95 net 


The Liberation of Life 


From the Cell to the Community 
L. C. BIRCH and J. B. COBB Jnr 


Rejecting the mechanistic model of life dominant in the 
Western world, the authors develop an alternative ‘ecological! 
model’ applicable to the life of the cell and the life of the 
human community by bringing together the insights of 

modern biology with those of a modern holistic philosophy 
and a liberal theology. £17.50 net 


Puzzles, Problems and 
Enigmas 

Occasional Pieces on the Human Aspects of Science 
JOHN ZIMAN 


This is a collection of John Ziman’s essays, articles and 
reviews previously published in a variety of magazines and 
journals, including some talks and lectures that have not been 
published before. Theoretical physicist and long-time 
advocate of social responsibility in science, technology and 
education, he exposes some of the most challenging issues of 
our time. £12.50 net 


Cardiovascular 
Hemorheology 


S. OKA 


Professor Oka has written a critical review of blood circulation 
from both the biological and physical standpoints. The 
account describes systematically the basic concepts, facts 
and present status of knowledge in the field, and the 
multidisciplinary approach reflects the wide range of subjects 
that have contributed to present understanding. £20.00 net 


British Mosses and 
Liverworts 


Third Edition 
E. V. WATSON 


Or Watson's standard work, first published in 1955, gives full 
descriptions and figures of over 200 species, and keys for the 
identification of all except very rare species. The third edition 
incorporates a further 26 species and has brought the 
taxonomy and nomenclature into line with contemporary 
practice. Hard covers £25.00 net 
Paperback £12.95 net 


Further details of these books are available from Robin Rees at the address below 


CAMBRIDGE UNIVERSITY PRESS 


The Edinburgh Building, Shaftesbury Road, Cambridge CB2 2RU, England 
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SINCE the time of Paviov, most theories of 
animal learning have been distorted by the 
idea that all that an animal can learn are 
connections between stimuli and 
responses. Until recently, there were few 
who stood out against such S-R theorizing, 
though even in the 1940s and 1950s there 
were distinguished exceptions such as 
Edward Tolman and Karl Lashley. 
Moreover, even when S-R theories were at 
their height, many interesting phenomena 
were discovered that could not readily be 
fitted into such an impoverished view of the 
mental capacities of animals, and that 
drove theorists to propose increasingly ad 
hoc and implausible mechanisms, 
including internal and unobservable 
responses. 

Contemporary Animal Learning Theory 
is appropriately entitled, since Anthony 
Dickinson ignores both the follies and the 
findings of the past: indeed, out of the 
hundred or so references cited only three 
are dated before 1967, although many of 
the phenomena with which he deals (for 
example, overshadowing, blocking, latent 
inhibition and secondary reinforcement) 
were discovered long before. Since there 
has been a great deal of recent work on 
these phenomena, his failure to trace the 
origins of the discoveries is perhaps no 
great matter and does not affect the 
explanations he proposes. Dr Dickinson 
maintains, with Locke, that learning is 
based on the detection of associations 
between events (including as one kind of 
event the animal’s own responses). He 
acknowledges that animals may learn more 
complex rules (for example, always to 
select the odd shape of a set of shapes 
presented), but his book is concerned only 
with the laws of association learning: these 
turn out to be much more complicated than 
anything foreshadowed by Locke. 

Most S-R theorists have supposed that 
responses are learned solely because they 
are rewarded. One amongst many results 
that reveals the inadequacy of this view is 
the following. An animal is trained to press 
a bar to obtain sucrose pellets; it is then 
given sucrose outside the apparatus and 
afterwards made violently sick, a pro- 
cedure that produces an aversion to 
sucrose. If replaced in the bar-pressing 
apparatus, the animal will no longer press 
the bar. According to Dr Dickinson, it has 
learned the connection between an action 
(bar-pressing) and a specific event (avail- 
ability of sucrose pellets) and once the 
pellets become aversive, it ceases to press 
the bar. 

To illustrate the kind of theorizing with 
which Dr Dickinson deals, consider the 
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Stuart Sutherland 


Contemporary Animal Learning Theory. 
By Anthony Dickinson. Pp.177. Hbk 
ISBN 0-521-23469-7; pbk ISBN 0-521- 
29962-4. (Cambridge University Press: 1981.) 
Hbk £12.50, $27.50; pbk £3.95, $9.95. 
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following finding. If an animal is exposed 
to a tone that is always followed by shock 
but receives shock equally often when the 
tone is not present, it learns little or nothing 
about the connection between tone and 
shock. From a survival view point this is 
clearly sensible since there is in fact no 
causal connection between tone and shock. 
Nevertheless, all the older theories of learn- 
ing predict that the animal will learn that 
shock follows tone. It is hard to believe that 
animals calculate the relative frequencies 
with which the shock occurs in the presence 
and in the absence of the tone. R.A. 
Rescorla and A.R. Wagner have put 
forward an ingenious resolution of this 
problem. They assume that there is a finite 
limit to the total strength of the associative 
bonds formed between any set of stimuli 
and an event associated with those stimuli. 
Now in the experiment described, the 
stimuli that are associated with the shock 
include not merely the tone but stimuli 
from the apparatus in which the animal is 
placed: moreover, the latter stimuli are 
always associated with the shock whereas 
the tone is only associated with it on half of 
its occurrences. At first, associative bonds 
between the shock and both tone and 
apparatus will be formed. But when the 
combined strengths of these bonds reaches 
its limit, the associative bonds between 
apparatus and shock will continue to gain 
in strength on trials on which shock is given 
without the tone, and the strength gained 
will be deducted from the strength of the 
bonds between tone and shock. Eventually 
the association between tone and shock will 
be reduced to zero. It is as though someone 
has a finite sum of money to invest, and 
once all of it has been invested, any one 
investment can only be increased by 
reducing another. 

This kind of theory explains many other 
findings: for example, it explains why, if a 
strong and a weak stimulus are presented 
simultaneously and always followed by 
shock, the animal learns only the associa- 
tion between the more salient stimulus and 
the shock even though it will learn the 
association between the weaker stimulus 
and the shock perfectly well if that stimulus 
is presented on its own in association with 
shock. 

It was said of E.C. Tolman who pro- 
duced an earlier but much vaguer version 
of association theory that ‘“‘he left the 
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animal lost in thought’’ — he could not 
explain what led an animal to act on the 
knowledge acquired through association. 
Dr Dickinson tries to overcome this 
problem by assuming that animals car 
make simple inferences: from a knowledge 
that bar-pressing leads ta food, they can 
infer that they must press the bar to obtain 
food when hungry and hence they act. Un- 
fortunately, not all responses are 
determined so logically. There are 
experiments that suggest that both animals 
and people sometimes learn to make a 
response to the stimulus and continue to 
make it even when the contingencies 
between events change. Someone who has 
been in a car accident may be unable to 
control his fear when next in a car, even 
though he knows that his recent experience 
has not changed the probability of a further 
car accident. It remains obscure what 
determines whether an organism will learn 
a direct connection between a stimulus and 
a response with the result that the response 
is involuntarily produced whenever the 
stimulus occurs. 

Although recent theories of anima! 
learning are more rigorous than previous 
accounts, they are not easy to grasp. Con- 
temporary Animal Learning Theory is not 
for the casual reader, but it is well 
organized and carefully argued and is the 
best introduction to a field that ten vears 
ago appeared to many to be moribund. 
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Stuart Sutheriand is Director of the Centre for 
Research on Perception and Coenition at the 
University of Sussex. 


Crustacean 2 in 1 
Thomas E. Bowman 


The Biology of Mysids and Euphausiids. 
Advances in Marine Biology, 18. By J, 
Mauchline. Pp.677. ISBN 0-12-0261 18-9, 
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THIS volume contains separate reviews of 
two orders of Crustacea that were formerly 
joined in the order Schizopoda. Because of 
similarities in their compound eves, it has 
been argued recently that the Schizopoda 
should be revived, but at present the 


Peracarida and the Euphausiacea to the 
superorder Eucarida (but not to the 
decapods as Mauchline states in his 
preface). 

The justification given for combining 
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the two works in one volume is the ‘‘con- — 


tinuing interest in both of them by modern 
workers’. But experts on euphausiids tend 
to deal with plankton, whereas students of 
mysids tend to be specialists on the benthos 
—- few zoologists (Mauchline apart) have 
demonstrated a competence in both 
groups. Thus many students of mysids who 
will need Mauchline’s indispensable work 
will have to purchase the euphausid part, 
which may be of only marginal interest to 
them, and vice versa. Could not the two 
parts have been issued separately at more 
reasonable prices? 

Part I, ‘‘The Biology of Mysids’’, is a 
major contribution which will be an 
invaluable aid to mysid biology. The 
taxonomic sections are especially useful. 
Chapter 2 contains an illustrated key to the 
world genera, not heretofore available. 
Some of the line illustrations suffer from 
muddy printing of crowded spines and 
setae, and instead of the traditional 
couplets the key sometimes requires the 
reader to choose among as many as seven 
items. Nevertheless, with its aid one should 
have little difficulty in identifying the genus 
of an unknown mysid. Keys to species are 
not provided, but Appendix I updates the 
1977 World List of Mauchline and 
Murano, lisiting all known species, and 
Appendix II guides the reader to the most 
useful references for each genus. 

Chapters 3-13 concisely summarize 
various aspects of the structure, behaviour 
and life history of mysids. Mauchline 
reviews and comments on the literature, 
and does not hesitate to add new material 
or to re-work published data. When space 
limitations preclude detailed discussion of 
a subject, pertinent references are cited. 

A reviewer traditionally takes note of 
some flaw or error in the book under dis- 
cussion. This has proven difficult, but I will 
fulfil the requirement by pointing out that 
within the suborder Mysida statocysts are 
lacking in Spelaeomysis and Stygiomysis, 
not only in the Petalophthalmidae. 

Part I, ‘‘The Biology of Euphausiids”’ 
is a supplement to the 1969 volume of the 
same title in the same series by Mauchline 
and Fisher. The earlier book, summarizing 
information available up to 1968, is the 
standard primary reference work on 
the 85 species of Euphausiacea, major 
constituents of the marine zooplankton. 
The present volume reviews the progress 
made since that time. 

Both parts are followed by addenda 
covering the most recent research, and each 
part contains an extensive bibliography. 
Taxonomic and subject indexes conclude 
the volume. 

Many of us will use this book frequently 
in the years ahead, and Dr Mauchline 
deserves our gratitude for making such a 


useful tool available. s 





Thomas E. Bowman is Curator in the 

Department of Invertebrate Zoology 

P at the Smithsonian Institution, 
Washington DC. 


Reactions in the biggest retort of all 


Geoffrey Eglinton 

Marine Organic Chemistry: Evolution, 
Composition, Interactions and Chemistry 
of Organic Matter in Seawater, Elsevier 
Oceanography Series, 31. Edited by E.K. 
Duursma and R. Dawson. Pp.521. ISBN 
0-444-41892-X. (Elsevier Scientific: 1981.) 
$105, DfI. 215. 
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THE oceans have been with us for most of 
the history of this planet and certainly over 
the last 4,000 million years. In this time, life 
has appeared, burgeoned, evolved and 
become the major factor in determining 
our present planetary environment. 
Continents have come and gone, wandered 
and pirouetted around the world’s surface, 
all the time with erosion contributing 
chemically to that vast, dilute, low- 
temperature reaction medium — the waters 
of the world’s oceans. 

The chemistry of the seas is a matter of 
great wonder. Such a vast volume of water 
and an almost unimaginably complex 
dilute soup of organic compounds of 
largely unknown composition, constantly 
being contributed to, consumed, 
decomposed and recycled by marine 
organisms — a daunting prospect for re- 
searchers, even with modern chromato- 
graphic and spectrometric techniques, but 
progress is being made. 

Duursma and Dawson have brought 
together in this book some 16 chapters, 
covering a wide range of topics, including 
the organic compounds present in marine 
organisms, non-living dissolved and 
particulate matter, the decomposition of 
organic matter, organometallic inter- 
actions, and the intriguing ‘‘skin’’ of the 
sea where organic compounds concentrate 
and photochemical processes occur. Most 
of the chapters are informative reviews 
rather than critical assessments. Indeed, it 
would have been useful to have had listings 
of important areas of lack of knowledge. 

Another criticism is that most of the 
chapter topics are somewhat unconnected, 
even though the treatments given are 
excellent in their own right. Of course, it is 
always a difficult task to persuade busy 


people to write detailed and informative 


review essays but it is especially difficult to 
get over the next hurdle, that of coaxing the 
authors to integrate their chapters with one 
another. Again, the depth of coverage 
given to topics is uneven in this volume. 
Thus, the chapter on natural, halogenated, 
organic compounds by William Fenical is a 
detailed review of what has so far been 
found in marine organisms and of the 
distribution processes — liberation, 
transport, biodegradation and so on. 
Organic sulphur compounds are also given 
particular consideration (by Wolfgang 
Balzar) but the only other group of 
compounds to receive special attention are 
the hydrocarbons, in a chapter written by 
Alain Saliot. 


I recommend this book: there is much of 
considerable value for marine chemists, as 
both basic analytical data and the processes 
taking place are reported in some detail. 
However, it whets the appetite rather than 
satisfying as a complete meal — probably 
the right thing to do at this stage in our 
understanding of the subject. E 








Geoffrey Eglinton is Professor of Organic Geo- 
chemistry in the School of Chemistry, 
University of Bristol. 


Models in the sand 
M.J. Chadwick 


Arid-Land Ecosystems: Structure, 
Functioning and Management, Vol. 2. 
International Biological Programme, 17. 
Edited by D.W. Goodall. Pp.605. ISBN 
0-521-22988-X. (Cambridge University 
Press: 1981.) £50, $110. 
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Tris volume completes the IBP study of 
arid ecosystems. The first volume (for 
review see Nature 280, 522) described the 
climate, soils, geomorphology, hydrology 
and the biotic components of arid zone 
ecosystems, mainly from a structural point 
of view, and then went on to deal with the 
processes controlling ecosystem 
functioning. Consideration of this latter 
component is expanded in the work under 
review, but to it are added ecosystem 
dynamics and a section on the management 
of arid lands. This allows the development 
of models to be pursued, and in many ways 
it is these chapters that form the most 
interesting part of the book. The 
International Biological Programme 
provided the stimulus for considerable 
advances in ecosystem modelling and, toa 
large extent, arid ecosystems benefited 
perhaps more than others from this, due to 
the rather fragmentary and somewhat 
primitive conceptual framework of 
knowledge of this biome when the 
programme began. The task is far from 
complete, but the stage is now set fof the 
testing of such models against field data. It 
is to be hoped that the extent of arid land 
degradation will not be too great to prevent 
the successful application of such validated 
models to problems of arid land 
management. 

There is a sense in which this volume is a 
disappointment, but not because of any 
inherent deficiencies in the studies it 
describes, the data it produces or the 
overall presentation of the work. It is 
because much of the work has appeared in 
various forms already, over the years that 
have elapsed since the termination of the 
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programme in June 1974. Indeed the 
manuscripts of some chapters of the book 
date from October 1973 (others being 
submitted up to February 1980). It is not 
surprising, therefore, that some authors 
took steps to publish accounts of part of 
their work in advance of this volume. 
Under the circumstances the editors are to 
be congratulated for producing such a well- 
rounded and coherent report. 

Interactive processes in desert eco- 
systems are dealt with in detail (soil- 
vegetation—atmosphere; plant—plant; 
animal—animal; plant-animal) and these 
lead on in a logical fashion to an overall 
account of the population dynamics of 
ecosystems in deserts. Arid land 
ecosystems are so variable, temporally and 
spatially, that these systems test to the limit 
the theories developed in this field. Wagner 
Stresses this in his account of patterns of 
fluctuation, mechanisms of equilibrium and 
constraints limiting density for a range of 
desert species. Much of this work is 
incorporated into the models of arid 
ecosystem dynamics (Goodall), spatial 
effects in modelling (Noy-Meir) and the 
simulation of plant production in arid 
regions (van Keulen and de Wit). In all of 
this, Goodall contends that attempts ‘‘to 
understand the dynamics of an ecosystem 
without taking biological individuality into 
account are doomed to failure’’. His 
chapter, and that of Noy-Meir, are succinct 
essays on the realities of modelling 
ecosystems. 

The limitations, both scientific and 
geographical, on the use of models for land 
management strategies in the arid zone are 
evident from the final chapters of the 
book. These deal with management for 
domestic livestock forage, for dryland and 
irrigated crops, for recreation and tourism, 
of water resources and the social aspects of 
managing arid ecosystems. A final chapter 
attempts a synthesis. The real synthesis is 
for the years ahead. 





M.J. Chadwick is a Reader in the Department of 
Biology, University of York. 


Unearthing the past 
Patty Jo Watson 


A Complete Manual of Field Archaeology: 
Tools and Techniques of Field Work for 
Archaeologists. By Martha Joukowsky. 
Pp.630. Hbk ISBN 0-13-162164-5; pbk 
ISBN 0-13-162156-4. (Prentice-Hall: 1980.) 
Hbk $29.95, £22.45; pbk $14.95, £11.20. 


MARTHA Joukowsky has produced a good, 
sturdy field manual in an attractive format. 
The author’s training and experience are 
principally in Old World Mediterranean 
archaeology, and the book reflects this 
bias. Although New World prehistory is 


not entirely unrepresented, the author is 
not at home with American archaeology 
nor the terminology and techniques 
characteristic of it. 

As the title indicates, emphasis is on field 
recording and — to a lesser extent — 
recovery techniques. There are chapters on 
surveying, stratigraphy, record forms and 
record books for a variety of data categories, 
and on the analysis of pottery and several 
other artifact types. But there are also short 
chapters on archaeological staff, ethics in 
archaeology, dating processes, publi- 
cation, fieldwork opportunities, financial 
aid and a longer discussion of field 
conservation. With the exceptions noted 
below, the text is well written and clear with 
abundant line drawings illustrating the 
descriptive material. 

No such volume can be or should be 
entirely encyclopaedic, but there are some 
unfortunate omissions or inadequacies. A 
summary of dry-screening methods is 
provided (written by Junius Bird), but 
there is very little attention given to water- 
screening and only a brief discussion of 
flotation/water separation techniques. 
Botanical recovery in general is more 
briefly covered than that of faunal and human 
skeletal remains. Several definitions in the 
glossaries provided here and there in the 
text are cursory, misleading or vague. For 
example, on p.171 mud-brick is listed 
synonymously with adobe and pisé, then 
defined as unbaked or sun-dried brick. But 
many archaeologists use pisé to mean 
architecture of coursed, sun-dried mud, or 
(sometimes) beaten earth. The New World 
synonym is puddled adobe; a common 
Near Eastern synonym is fauf (Arabic) as 
distinct from /ibn, which is mud brick. The 
definitions of layer, level and locus on the 
Same page are also rather confusing. 
Similarly, many of the definitions given for 
various chipped stone tool types 
(pp.320-321) are vague or misleading; they 
were not prepared by a lithics specialist. 

Another weakness is the bibliography. 
The subjects treated are categorized in a 
somewhat idiosyncratic way (‘‘Culture 
Studies’’ is the least comprehensible 
heading, but there are others that are also 
arbitrary, such as ‘‘New World Mounds”’), 
and references are often missing or seem 
randomly distributed among the headings. 

Although there is no detailed discussion 
of problem definition or research design, 
the few paragraphs devoted to these vital 
topics (p.38) are clear and well phrased. 

In spite of the inadequacies of the book 
for use by New World prehistorians, every 
professional archaeologist should be aware 
of it and most of them should own it. By 
and large, it is a worthy successor to 
Wheeler’s Archaeology from the Earth 
(Penguin, 1954) and Kenyon’s Beginning 
in Archaeology (Praeger, 1953). 
esas il aia a GE 
Patty Jo Watson is a Professor in the 
Department of Anthropology at Washington 
University, St Louis. Her most recent book is 


Archaeological Ethnography in Western Iran 
(University of Arizona Press, 1979). 
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Supplying Human 
Leukocyte Interferon for 
clinical tests and 
research. 


2900-72nd Street North 
St. Petersburg, Florida 33710 
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Continued from page 506 


In case some legalistic quibble is to be put 
on the world ‘‘good’’, Milton clears the point 
in a famous passage. 

“Good and evil we know in the field of 
this world grow up together almost 
inseparably; and the knowledge of good is 
so involved and interwoven with the 
knowledge of evil, and in so many cunning 
resemblances hardly to be discerned, that 
those confused seeds which were imposed 
upon Psyche as an incessant labour to cull 
out, and sort asunder, were not more 
intermixed. It was from out the rind of one 
apple tasted, that the knowledge of good 
and evil, as two twins cleaving together, 
leaped forth into the world. And perhaps 
this is that doom which Adam fell into of 
knowing good and evil, that is to say of 
knowing good by evil. As therefore the 
state of man now is; what wisdom can 
there be to choose, what continence to 
forbear without the knowledge of evil? He 
that can apprehend and consider vice with 
all her baits and seeming pleasures, and yet 
abstain, and yet distinguish, and yet prefer 
that which is truly better, he is the true 
wayfaring Christian.” 

F.W. Cousins 

London SW1, UK 


Sir — I must voice my grave concern that, in 
the influential editorial pages of Nature, 
reasoned argument has given way to the 
emotional outburst of your comment ‘A book 
for burning?” (24 September, p.245). Amid 
many heated adjectives you condemn Dr 
Sheldrake’s A New Science of Life as “the 
best candidate for burning there has been for 
many years” because (a) his claim that it can 
be tested is ‘“‘preposterous’’, and (b) the theory 
is incomplete regarding the ‘‘nature and 
origin’’ of the morphogenetic fields postulated 
by Sheldrake and ‘“‘the means by which they 
are propagated’’. The second reason is, you 
say, ‘‘more serious’’, adding that ‘‘hypotheses 
can be dignified as theories only if all aspects 
of them can be tested’’. 

This second objection, if it were partial 
grounds for making a publication a candidate 
for burning, would prevent the publication of 
any hypothesis until it had been articulated to 
its last detail — a sure method of stifling all 
innovation. 

For the first objection, (a) above, three 
arguments are advanced: (i) the experiments 
are time consuming; (ii) it would be possible to 
explain away negative results; (iii) no grant- 
making agency would support the 
experiments. Argument (i) would condemn all 
research into inheritance, not just that 
proposed by Sheldrake; argument (ii) applies 
in principle to any experiment, but is in this 
case vacuous since Sheldrake clearly states that 
he would regard failure as disproof; and 
argument (iii) is equally empty in its appeal to 
“higher authority” without any indication as 
to why no agency would support the 
experiments. 

| share Nature’s concern expressed in the 
comment that the public should not gain the 
impression that science contains irrational 
elements. But the way to combat this 
impression is by displaying rationality. 

C.J.S. CLARKE 
University of York, UK 


Sir — In a leading article (Nature 24 
September, p.245) you reject Dr Sheldrake’s 
morphogenetic fields as “pseudo science” on 
the grounds that he does not prescribe their 
nature or origin, or discuss how their laws of 
propagation might be discovered. But the 
properties of heat, light and sound were 
investigated long before there was any 
understanding of their true nature, and 
electricity and magnetism originally had 
exactly the status that you criticized in the 
hypothetical water-divining example. Were 
such investigations pseudoscience? 

You claim that hypotheses can be dignified 
as theories only if all aspects of them can be 
tested. Such a criterion would bar general 
relativity, the black hole and many other 
concepts of modern science from being 
regarded as legitimate scientific theories. 

The discussion of Dr Sheldrake’s proposed 
experiments and their falsifiability is rendered 
void since it assumes a priori that the 
experiments will fail. 

The rapid advances in molecular biology to 
which you refer do not mean very much. If 
one is on a journey, rapid progress on the way 
implies neither that one is close to one’s 
destination, nor that the destination will be 
reached at all by continuing to follow the 
same road. 

By referring to ‘‘self-respecting grant- 
making agencies” you show a concern not for 
scientific validity but for respectability. The 
fundamental weakness is a failure to admit 
even the possibility that genuine physical facts 
may exist which lie outside the scope of 
current scientific descriptions. Indeed, a new 
kind of understanding of nature is now 
emerging, with concepts like implicate order 
and subject-dependent reality (and now, 
perhaps iformative causation). These 
developments have not yet penetrated to the 
leading journals. One can only hope that the 
editors will soon cease to obstruct this avenue 
of progress, and instead encourage reviews of 
the field. B.D. JOSEPHSON 
University of Cambridge, UK 


Non-random survival 


Sin — Barrie Pearson (Nature 3 September, 
p.6) states that non-random survival (Flew’'s 
revised formulation of the principle of natural 


selection, Nature 16 July, p.192) is *‘an 
empirically empty concept if the range of 


possibilities the non-random survivors were 
selected from is unknown’’. 

Fortunately, and contrary to what Pearson 
appears to believe, the ‘‘range of possibilities’’ 
is Known in quite a number of cases in which 
the variation amongst juvenile members of an 
animal! population can be shown to be far 
greater than the variation amongst the adults. 
This has been demonstrated for populations of 
snails, lizards, sparrows, fossil cave bears and 
humans: in some cases the selection is 
stabilizing and in other cases it is directional, 
Natural selection would thus seem to have a 
satisfactory empirical basis. 

The depressing thing about the evolutionist/ 
creationist controversy is not so much the 
heated arguments about the ‘‘status’’ of the 
theory of evolution as the fact that the 
creationists are attempting to sell as scientific a 
theory which most scientists had abandoned as 
inadequate long before Darwin’s theory was 
ever thought of: even Cuvier found that one 
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creation was hardly enough! As a theory 
attempting to explain as much as possible of 
the way in which the world of living organisms 
arrived at its present state, without resorting to 
metaphysical explanations, the neo-Darwinian 
theory wins hands down over the creationist 
theory. Thus Pearson’s ‘‘creatures of reason” 
are quite right to prefer neo-Darwinism to 
creationism if they want a theory based — as 
far as possible — on physical rather than 
metaphysical grounds. And this, after all, is 
the essence of the scientific enterprise. 


Odense, Denmark MIKE ROBSON 


Names for proteins 


Sir — We were glad to see the reference by 
Brian F.C. Clark (Nature 6 August, p.491) on 
the prospects for standardizing nomenclature 
for an index of human and other mammalian 
cell proteins separated by two-dimensional gel 
electrophoresis. Lest disproportionate 
resources be spent on a catalogue of 
specialized nomenclature, we would urge that 
parallel projects yielding precise chemical 
identification (where feasible) are essential. 

We believe that it is well within present 
competence to characterize the perhaps 30,000 
protein strucures produced in measurable 
amount in each species and to tabulate a good 
deal of accessory information about them. 
However, the ultimate method for identifying 
chemical compounds, which is understood by 
people in diverse fields, is through covalent 
structure. Proteins are no exception. 
Determination of only a few residues of an 
unknown protein can usually serve to identify 
the group to which it belongs! if the sequence 
of a closely related structure or homologue in 
another mammal has already been determined. 
Identity of sequence also serves to clarify the 
many situations in which proteins of almost 
identical structure have rather different 
properties in gels and in which immunological 
tests are misleading. 

It is not generally realized how extensive is 
the collection of protein sequences already 
elucidated. We have just completed the 
integration of data from the Atlas of Protein 
Sequence and Structure, Vol.5, and its three 
supplements with the more recent data, 
including that derived from nucleic acid 
sequences2. There are more than 1,600 entries 
in the collection. (Within an entry we describe 
information on structures iess than 5 per cent 
different from one another, such as alleles.) 

We have also grouped the data into 
superfamilies and families: sequences in the 
same superfamily are significantly similar 
using statistical tests, whereas sequences in the 
same family within a superfamily typically are 
less than 50 per cent different from one 
another. In the current collection there are 
almost 500 superfamilies and 750 families; 
over 140 of these superfamilies and 219 
families contain at least one mammalian 
sequence. There are some 200 entries 
containing human sequences. 

M.O. Davuorr, L.T. Hust, 

W.C. Barker, B.C. ORCUTT, 

L.-S. Yen, H.R. CHEN, D.G. GEORGE 
National Biomedical Research Foundation, 
Georgetown University Medical Center, 
Washington DC 20007, USA 
1. Davhoff, M.O. & Orcutt, B.C. Proc. nain. Acad. Sei 

U.S.A. 16, 2170-2174 (1979), 


2. Protein Sequence Data Tape 81 Usationa) Biomedical! 
Research Foundation, Washington DC, 1981), 
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Nerve Growth Factor 


Nerve Growth Factor (NGF) stimu- 
lates growth and differentiation of 
‘sympathetic and embryonic sensory 
neurons of the peripheral nervous 
system. BRL now offers the biologi- 
cally active, 2.55 form of NGF isola- 
ted from murine submaxillary glands. 
NGF is assayed for biochemical pur- 
ity and biological activity. Assay re- 
sults are supplied with the product. 
NGF is available as a lyophilized 
_ powder in 10 ug packages. 

< Please circle No.43 on the Reader Enquiry Card. 


Monoclonal 
-Anti-Neuroblastoma 
Antibody 


“BRL now has available in ascites 
form a murine monoclonal antibody 
that recognizesja ‘cell surface glyco- 
protein of M, = 20,000 on the human 
neuroblastoma cell line IMR-5. This 
_ pie antibody recognizes a common 
_ cell surface determinant present on 
human fetal brain cells, and pre-, 
“mature, and leukemic B cells, in addi- 
_ tion to neuroblastoma cells. Antibody 
from a typical lot contains 1 mg/ml 
‘IgM and will stain/1 x 10° IMR-5 
~eellsata 1x 10° dilution in an indi- 
rect immunofluorescence assay. 
: Please circle No.44 on the Reader Enguiry Card. 


Protein Molecular 
Weight Standards 


The BRL® Protein Molecular Weight 
> Standards are high purity polypep- 
tides with well-established molecu- 
lar weights that do not exhibit anom- 
alous interactions with sodium dode- 
-eyl sulfate (SDS), The standards are 
available in two packages covering a 
“molecular weight range of 3,000 to 
200,000. 


Both high and low molecular weight 

ackages are available in the unla- 

eled and radiolabeled form. The low 

molecular weight package is also avail- 
able in a prestained form. 


The BRL® Protein Molecular Weight 
‘Standards are designed primarily 
~. for polypeptide molecular weight de- 
terminations using SDS-polyacryla- 
> mide gel electrophoresis. 

i Please circle No.45 on the Reader Enquiry Card. 














Model S1 Sequencing 
Gel Electrophoresis 
System 


BRL offers the unique Sequencing 
Gel Electrophoresis System, the Mo- 
del S1. Fully adjustable for gels from 
30 cm up to 85 cm in length, the 
Model S1 provides many significant 
advantages over conventional fixed- 
format apparatus. 


At full height, the S1 is an ideal for- 
mat for present nucleic acid sequence 
techniques. At 85 cm, over twice the 
length of any currently available 
units, it is possible to read sequences 
in excess of 300 nucleotides from a 
single lane. This eliminates such pro- 
blems as sequence gaps and extended 
exposure times when single samples 
must be divided into several lanes on 
conventional gels. 


For shorter gels, the Model S1 instan- 
tly and securely adjusts to any desired 
length above 30 cm. This allows the 
researcher the convenience of several 
gel paths for specific experimental 
requirements. For each gel length 
used, one pair of giass plates and one 
spacer set is required. BRL supplies 
full length 85 em accessories which 
may be converted by the user. 
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Advertisement 


Lambda In Vitro 
Packaging System 


BRL is now pleased to make availa- 
ble the Lambda In Vitro Packaging 
System. Based on the procedure de- 
veloped by Enquist and Sternberg, 
the BRL® In Vitro Packaging Sys- 
tem can be used in conjunction 
with A 1059 (BRL #5366), Agt WES» 
AB DNA (BRL #5267) or Agt WES 
Eco RI arms (BRL #5268) and A 
Charon 28 (BRL #5352). 


With the BRL® /n Vitro Packaging 
System, packaging efficiencies of up- 
to4x 10” pfu/ug wild type A DNA are 
routinely obtained. Complete instruc- 
tions as to the handling and use of this 
system are providedjwith each order. 
Please circle No.47 on the Reader Enquiry Card. 


Lambda 1059 


BRL now offers a new “phasmid” 
cloning vector, A 1059. This vector, 
developed by Jonathan Karn and co- 
workers allows for selection of recom- 
binant molecules when plated on Æ. 
coli lysogenic for Pz. Enzymes which 
generate the 5'-tetranucleotide end 
5'GATC-3' (Bam HI, Bgl Il, Bel D), 
are compatible for cloning into this 
vector. Particularly useful is the abil- 
ity toclone DNA fragments produced 
by random digestions with Sau 3A 
which has a 4 base recognition se- 
quence of 5 IGATC-3'. BRL qualifies 
each lot of A 1059 DNA for its ability 
to be packaged into A particles under 
in vitro packaging conditions. 

Please circle No.48 on the Reader Enquiry Card, 


BRL&3' End Labeling 
System 


BRL is now pleased to make availa- 
ble the BRL® 3’ End Labeling Sys- 
tem. Using terminal deoxynucleotide 
transferase (TdT), BRL provides com- 
plete instructions and reagents for 
labeling DNA with either radioac- 
tive cordycepin triphosphate (suppli- 
ed by the investigator) for subsequent 
Maxam-Gilbert sequencing reactions 
or with deoxynucleotides for tailing 
DNA for the purpose of cloning dou- 
ble stranded cDNA. 

Along with complete instructions, the 
BRL® 3’ End Labeling System con- 
tains TdT, deoxynucleotide triphos- 
phates, buffers and a test DNA. 


Please cirele No.49 on the Reader Enquiry Card. 
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Leaf disk electrode. Maximum photo- 
synthetic capacity of leaf tissue may be 
readily measured using a simple device 
from Hansatech. It allows CO,-dependent 
O, evolution by leaves to be continuously 
monitored in saturating CO,. A standard 
Hansatech oxygen electrode is combined 
with a cylindrical Plexiglas chamber in 
which a leaf disk of 10 cm? area is 
supported. Illumination is through the flat 
roof of the chamber — the roof also has a 
compartment through which water is 
passed for temperature maintenance. A 
calibration head allows calculation of the 
final volume of the experimental chamber. 
A digital read-out control box with battery 
option enables study of the kinetics of O, 
evolution with or without a chart recorder. 
Circle No. 105 on Reader Enquiry Card. 


Biomedical thermometers. Based on a 
miniaturized thermometer originally 
developed for use by astronauts, Brooklyn 
Thermometer Co. has developed bio- 
medical mercury thermometers for bio- 
medical and blood analysis applications. 
The dimensions of certain models allow 
their use in unusual situations. Others 
combine standard features such as ground 
joints, 0°C auxiliary scales, immersions 
and non-mercurial liquids. 

Circle No. 100 on Reader Enquiry Card. 














Air pollution monitoring, Whatman havea 
range of glass microfibre, quartz and 
membrane filters for monitoring ambient 
air, for personal air sampling or for stack 
gas analysis. They can be used to measure 
Pb, Cd, total particulate matter or 
asbestos. 
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Maleic acid. Maleic acid is now available in 
bulk from Chemical Dynamics 
Corporation. This high purity organic 
compound contains lower than normal 
levels of fumaric acid as an impurity and is 
intended for use in pharmaceuticals in the 
preparation of maleate salts of antihista- 
mines; in textiles for dyeing and finishing 
of cotton, wool and silk; in foods as a 
preservative for oils and fats, and as a new 
raw material for the manufacture of resins 
and synthetic organics. 
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These notes are based on information 
provided by the manufacturers. For further 
details circle the appropriate numbers on the 
Reader Enquiry Card bound inside the 


Blood gas measurement. True blood gas 
status of patients can now be determined 
using Radiometer’s new transcutaneous 
PCO, electrode. The TCM2 TC oxygen 
monitor and the TCM20 TC carbon 
dioxide monitor are miniaturized and 
contain a microprocessor, allowing auto- 
matic air calibration of electrodes, 
continuous check of electrode heating 
and check of electrode and instrument 
performance. The PO, and PCO, are 
shown in mm Hg or kPa on LCD displays. 
Circle No. 102 on Reader Enquiry Card. 







THERMAL 


Model TS-2 holds any tem- 
perature, minus 25°C to 
plus 60°C. It’s thermoelec- 
tric, has no moving parts, 
no vibration. 
The TS-2 stage fits most 
microscopes. Temperature 
control is automatic and 
the equipment includes a 
microprobe thermometer. 


Solvent and acid transfer pumps. Kartell 
Plastics Ltd. have developed two types of 
pump for the transfer of acids, solvents and 
hazardous materials from drums and 
carboys to more handy containers. Two 
pumps have heavy nickel-chrome-plated 
bodies, allowing the transfer of any solvent 
with the minimum of risk, carry-over, or 
corrosion. The main feature of these new 
pumps is a top made of polypropylene, 
which has a higher mechanical advantage 
over the normal high-density polyethylene. 
Circle No. 103 on Reader Enquiry Card. 
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* P-deoxynucleotides. Amersham offer 
32 P-deoxynucleotides (2,000-3,000 
Ci mmol"! or >400 Ci mmol-') in a choice 
of solvent (aqueous or ethanol/water) and 
at a concentration of either 10 mCi ml"! or 
ImCiml-'. 
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Modular Incubator Chamber can be used for all types 
of tissue culture (aerobic, anaerobic). Easy to use! 
Simply flush with desired gas mixture and place at 
appropriate temperature. Inexpensive, quantity dis- 
counts. billups-rothenberg, inc. pob 977 del mar, ca. 
92014-0977 usa (714) 755-3309. 
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Precision dispensing. Scientific 
Manufacturing Industries have introduced 
a new, 25-ul dispensing volume for use with 
the Micro/Aliquoter. A 1 cm? syringe 
dispenses 40 aliquots of 25ul with +2% 
c.v. Precalibration of the Micro/Aliquoter 
assures Optimum results in every test. 
Circle No. 107 on Reader Enquiry Card. 


Flame photometer. The new flame 
photometer from Petracourt, the Petra- 
court PFP-1, has a simple operational 
sequence, and features a 3'4-digit LED 
display of 0.6-inch character height which 
shows the p.p.m. concentration in the 
sample being tested. Reproducibility is 1 % 
c.v. for 20 consecutive samples, with 10 
p.p.m. set to full scale, using samples of 2 
to 6 ml. 

Circle No. 108 on Reader Enquiry Card. 
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Medwire Corp. 


Stocks a wide variety 
of 

TEFLON” 
Platinum alloys, 
stainless steel, 
silver, multistrand 
and single strand 
available for prompt 
shipment. Write for 


descriptive brochure 
and price lists. 







Medwire Corp. 
Affiliate of Sigmund Cohn Corp 
123 So. Columbus Ave. 
Mt. Vernon, N.Y. 10553 
914-664-5300 
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Centrifugal 
Microfilters 


Bioanalytical Systems intro- 
duces a centrifugal micro- 
filter for membrane filtration 
of small volumes using the 
force of a conventional 
bench top centrifuge. Ideal 
for LC sample preparation, 
extraction of TLC spots, and 
many other applications. 

























minimize loss and con- 
tamination 

e no vacuum or pressure 
required 

è solvent resistant polyalo- 
mar 

e filter many samples simul- 
taneously 

e a variety of filter materials 
are available 

reusable 
































Send for details... 


va BIOANALYTICAL 
SYSTEMS INC. 
1205 Kent Avenue 


West Lafayette, IN 47906 
(317) 463-2505 telex 276141 
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Incubators for tissue culture. W.C. 
Heraeus have introduced a new type of 
incubator for cell and tissue culture, which 
has the following features: an air jacket 
heating system that gives uniform tem- 
peratures in the internal space and on the 
walls; a pyrolytic germ barrier which 
isolates the water for humidification, con- 
tained in a vessel outside the heated area, 
from the interior. Automatic sterilization 
of the interior at 180°C is possible, and the 
incubator automatically returns to the pre- 
set parameters. This incubator has been 
designed specifically for operation at low 
temperatures and for use in non-air-con- 
ditioned laboratories. 

Circle No.109 on Reader Enquiry Card. 


Pocket microscope. From Starna Ltd., the 
Micro-Mike is a pre-focused pocket micro- 
scope suited to applications in quality 
control, laboratory work, engineering, 
printing and photography. The ground 
four-lens optical system gives a flat, 
distortion-free image. Four magnifications 
are available: x 10, x20, x40 and x 50, 
all available with a choice of permanently 
mounted scales calibrated in imperial or 
metric units, with a cross-hair or 360° 
protractor. 

Circle No.110 on Reader Enquiry Card. 


Flexible laryngoscope. Direct vision for 
difficult intubation is possible using the 
flexible laryngoscope from American 
Optical. This ensures correct positioning of 
the endotracheal tube. The flexible fibre 
optic bundle is only 6.8 mm in diameter and 
has end-tip deflection of 120° allowing easy 
movement along the nasal or oral passages. 
The self-contained battery-operated 
illumination uses a high-intensity quartz 
halogen bulb; if more illumination is 
required a mains-operated 80 W quartz 
halogen illuminator is available. The AO 
flexible laryngoscope also has applications 
in the intensive care unit, for routine 
inspection for possible cuff-site trauma. 
Circle No.111 on Reader Enquiry Card. 





Fast motion analysis. Newly available from 
Optical & Textile Ltd. is the Nikon Port, 
for use on the Fastax 17T, which is a high 
definition camera used for fast motion 
analysis. The Nikon Port allows a wide 
range of Nikon lenses to be used with this 
camera, giving increased flexibility and 
versatility. 

Circle No.112 on Reader Enquiry Card. 
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Conductivity meter. Radiometer A/S has 
introduced a new microprocessor- 
controlled CDM83 conductivity meter for 
measurements of conductivity and tem- 
perature. The CDM83 measures 
conductivity from 1.300 uS cm to 1,300 
mS cm” with automatic switching to the 


peo 






optimal range and frequency. 
Temperature-correction of the result to a 
reference temperature and full adjustment 
of the cell constant are possible. In addition 
to conductivity, the display may simul- 
taneously show one of four operator- 
selected parameters: sample temperature, 
reference temperature, temperature co- 
efficient and cell constant. The range of 
sample and reference temperature is from 
-10°C to + 105°C, that of the temperature 


| coefficient, from 0 to + 3.5% per °C, and 


of the cell constant, from 0.09 to 11.00 
cm”',. 
Circle No.113 on Reader Enquiry Card. 


Soft-B monitor. The model 5.10 EL from 
Mini-Instruments has been produced 
specifically for measuring low-level B 
contimination from C and similar soft-6 
emitting nuclides, and is able to detect a 
contamination level of 10-4 Ci cm~*. For 
I4C the sensitivity at this levelis ~ 5 counts 
per s. The 5.10 EL measures 115 x 165 x 175 
overall (excluding probe), and a probe clip 
on the side enables the unit to be used as a 
single-handed monitor. 

Circle No.114 on Reader Enquiry Card. 


Glass knife maker. Now available from 
Temtool Ltd. is a glass knife maker for pro- 
ducing glass Ralph-type knives. This 
instrument can be used routinely to make 
25 — 38 mm long, ultra-sharp glass knives 
quickly and dependably. These Ralph-type 
knives have the extreme hardness and dura- 
bility of a glass knife with a reasonable 
length of facet. They cut glycol metha- 
crylate (JB4)-, plastic- or paraffin- 
embedded specimens with equal ease. 
Made from 14-inch thick glass, they can be 
obtained as precut strips. 

Circle No.115 on Reader Enquiry Card. 
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UNIVERSITY OF 
CAMBRIDGE 
DEPARTMENT OF PAEDIATRICS 
POST DOCTORAL 
RESEARCH PHYSICIST 
Applications are invited for a post- 
doctoral research assistantship for a 
period of three years starting as soon 
as possible. The initial salary will be in 
the range of £6,070 — £6,880 depend- 
ing on age and experience. The 
successful applicant will work with Dr 
A D Bangham and Dr C J Morley on 
the physical properties of pulmonary 
surfactant. It would be appropriate 
therefore, for the applicant to have 
had experience in surface physical and 

biochemical techniques. 


Applications (1 copy) with a brief 
curriculum vitae and names and 
addresses of two referees should be 
sent to Dr A D Bangham or Dr C J 
Morley, Department of Paediatrics, 
Addenbrookes Hospital, Hills Road, 
Cambridge CB2 2QQ. (9717)A 





AGRICULTURAL 
RESEARCH COUNCIL 
LETCOMBE LABORATORY 
A SCIENTIFIC OFFICER 


or 
HIGHER SCIENTIFIC 
OFFICER 


is required in the Microbiology Section 
of the Physiology Department to 
study the release of carbon com- 
pounds by plant roots and their 
utilization by rhizosphere micro- 
organisms. 


The work will involve the growth of 
plants in an atmosphere containing 
4CO, and studies under gnotobiotic 
ronditions, 


Minimum qualifications: First or 
apper second class honours degree or 
quivalent in plant physiology or 
nicrobiology with at least two years 
elevant post-graduate experience for 
ippointment at HSO level. 


Salary on scale SO £5,176 — £6,964 
ind HSO £6,530 — £8,589. 


-.Non-contributory superannuation 
icheme. 


Further particulars and application 
orms from The Secretary, Agricul- 
ural Research Council, Letcombe 
-aboratory, Wantage, Oxon OX12 
JT. Closing date for applications 6 
November 1981. Quote Ref. No. 
1/15, (STO4)A 


MIAMI UNIVERSITY 
Oxford, Ohio, USA 
VISITING ASSISTANT 
PROFESSORSHIP IN 
GEOLOGY 


The Geology Department invites 
applicants to filla Visiting-Assistant- 
Professor position beginning in 
August, 1982. The position is of 1 to3 
year duration and is nontenure track. 
The successful candidate must have 
the PhD and will be responsible for 
teaching introductory-level courses 
as well as teaching and study in the 
person’s area of research interest. 
This area is unspecified. The success- 
ful applicant will be chosen on the 
basis of qualifications and ability to 
interact with researchers currently on 
the staff. 


Applicants should send a résumé, 
transcripts, three {3} letters of 
reference and an outline of research 
interests to: Dr A Dwight Baldwin, 
Jr, Chair, Geology Department, 
Miami University, Oxford, Ohio 
45056, USA. (NW953)A 





UNIVERSITY OF OXFORD 
DEPARTMENT OF BIOCHEMISTRY 
and 
LABORATORY OF MOLECULAR 
BIOPHYSICS 
DEPARTMENT OF ZOOLOGY 
(Ref: B/R/44) 

TWO SRC FUNDED 
POSTDOCTORAL 


positions are available for the invest- 
igation of structural and dynamic 
aspects of lipid-protein interactions in 
membranes. 


D) A biochemist to isolate and charac- 
terize membrane proteins, and recon- 
stitute them into model membranes for 
study by various physical methods. 
The applicant will have the 
opportunity to learn magnetic 
resonance techniques. 


2) A biophysisist/physisist to carry out 
neutron scattering and X-ray diffrac- 
tion studies on the model membranes 
incorporating specifically deuterated 
lipids. 

Salary, according to age and 
experience on the scale £6,070 — 
£7,700 pa. 


Application, including a full CV 
and the names and addresses of two 
referees, should be sent to: The 
Administrator, Department of 
Biochemistry, South Parks Road, 
Oxford OX1 3QU. (GIADA 
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nor do they accept liability for printers’ errors, although every care is taken to avoid mistakes. 
CANCELLATIONS MUST BE RECEIVED NO LATER THAN 5 p.m. ON THURSDAYS PRIOR TO ISSUE DATE. 







IMMUNEX CORPORATION 
Seattle, Washington 









Seeks molecular biologists, immunologists, and biochemists for its new | 
research facility which will open in Seattle early in 1982. immune | 
corporation is a new research and development company working inthe 9°. 
area of immunoregulation by lymphokines. Both staff scientist (Assistant: | 
Professor equivalent} and Senior Staff Scientist positions are available. 1| 
Applicants with outstanding academic records are sought and, forsenior | ib 
positions, evidence of independence (e.g. principal investigatorship.of 9. 
peer-reviewed grants) will be necessary. Excellent salaries and fringe | 
benefit package. Send curriculum vitae and names of at least two 
references to: Dr. Steven Gillis or Dr. Christopher S. Henney, nmmunex 
Corporation, PO Box 70668, Seattle, Washington 98107.  (NWO3DA 














MICROBIOLOGY 


tenure track position in Basic Sciences Division of medical 
school. Candidates should have a Ph.D. in Microbiology, @ 
post-doctoral training, and be able to teach a microbiology? = 1o 
infectious disease course. Preference will be given to 
candidates with research interests in the area of cell surface | 
receptors for bacterial and eucaryotic viruses and/or gene 
regulation in viruses, prokaryotic and eucaryotic ceils. 


Candidates should forward a curriculum vitae, a brief 9 
Statement of research plans and the names of three  @ 
individuals who can provide references, to Dr Stephen M; 

Boyle, Chairman, Search Committee, Basic Sciences 9 
Division, Faculty of Medicine, Memorial University of 1 
Newfoundland, St. John’s, Newfoundland, Canada ATB 

3V6. Only Canadians or permanent residents need apply for 

this position. 





PRE AND POSTDOCTORAL 
FELLOWSHIPS 
and 
PROFESSIONAL ASSISTANT 
IN MOLECULAR BIOLOGY 


Positions available to study regulation of gene expression for (i) 

ribosomal proteins and (ii) muscle proteins during growth and 

differentiation. Successful applicants willbe involved in mRNA 

isolation, recombinant DNA technology and jn vitro transcription 
and translation systems. Salaries up to $18,000 per annum. 
depending on experience. 


interested candidates should submit a curriculum vitae and three 
letters of reference to B. H, Sells and/or J. Bag, Laboratories of 
Molecular Biology, Faculty of Medicine, Memorial University, St. # 
John’s, Newfoundland A1B 3V6, Canada. (NWS94)A if 
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Section Head — Virology 


Greenford, Middx : 
c. £14,000- £16,000 incl. | 


is required to establish and lead a Virology Section within the Chemotherapy 
Department of Microbiology Division. The initial objective of the team is to set up 
and study various groups of viruses in mammalian cell systems in order to 
evaluate synthetic compounds against each group of viruses and to investigate, 


PESSA 


bos, 


SARS 


PT Ra Na gag TREE a 
Sannin merece ee one 
Be secant ne 
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in co-operation with a molecular biochemistry research group, the mode of action — 
of selected compounds. It is our intention to increase the size of the team as ee 
progress in the study demands. — 
This is a senior appointment and applicants, in addition to having good 


graduate qualifications, an established research record in virology and prefer- 
ably some experience in chemotherapy, must possess the ability to direct and 
motivate staff to consistently high levels of performance. 


Attractive benefits include relocation assistance if appropriate, bonus schemes 
and a non-contributory pension scheme. 


Please write or telephone for an application form to: Miss E. M. Butler, 
Personnel Department, Glaxo Group Research Ltd., Greenford, Middx. 


UB6 OHE. Tel: 01-422 3434, ext. 2707, quoting ref.U.391. 


G I ax 0 Group Research Ltd. 


Career in Biotechnology ~ 
MARKETING DIRECTOR/ 


MOLECULAR BIOLOGY 


(in suburban Washington, D.C.) 
A superior employment opportunity with a current leader in the field 
is now available to direct the marketing of products in the dynamic 
area of Molecular Biology. 
The key responsibility ofthe position will be to identify research prod- 
ucts and develop innovative programs which result in a continuing 
s p pog 


cation Departments, 

available to provide immediate support. 

The ideal candidate will already have achieved demonstrated success 
in the marketing of products for Biological Research, have an 


MS/Ph.D. in Biochemistry, along with current knowledge of Bio- 


This position will provide competitive compensation, a bonus, oppor- 
tunity for career advancement, and participation in our stock option 
program. 

We welcome your inquiry. 

Please send your resume’ , references and salary history, in confidence 
to: 


J. Wamstad 
BETHESDA RESEARCH LABORATORIES 
P.O. Box 6009, 8717 Grovemont Circle 
Gaithersburg, Maryland 20878 


BRL ~~ 


An j , M-F-H 
i: equal opportunity employer d 





STANFORD UNIVERSITY 
SCHOOL OF MEDICINE 


ASSISTANT PROFESSOR 
OF NEUROLOGY 


A tenure-track position for an 
assistant professor of neurology 
(neuroscience) is available in the 
Department of Neurology, 
Stanford University, School of 
Medicine, beginning 1 July 1982. 
Qualifications should include 
skills as a teacher, at least 2 years 
of postdoctoral training and 
experience. A significant record 
of research accomplishment, and 
the capacity to function as an 
independent investigator. 

interests and skills in membrane 
biophysics, or cellular neuro- 
physiology and neuroanatomy 
with developmental emphasis, or 
cellular neuropharmacology are 
preferred. Space and start-up 
support are available to interact in 
programs dealing with cortical 
development, epilepsy, neuronal 
structure, and membrane physi- 
ology. Candidates should send 
curriculum vitae and names of 
three referees to: David A Prince, 
MD, Professor and Chairman, 
Department of Neurology, 
Stanford Medical Center, 
Stanford, California 94305. 
Stanford University is an equal 
opportunity employer and 
welcomes nominations of women 
and minority group members and 
applications from them. 

(NW992)A 











































(9737)A 





LA TROBE UNIVERSITY 
Melbourne, Australia 
SCHOOL OF 
BIOLOGICAL SCIENCES 
LECTURER IN THE 
DEPARTMENT OF BOTANY 


Applications are invited for the above 
mentioned position from persons wit! 
appropriate qualifications and re 
search experience in plant physiology 
complementing the existing interest 
of the Department. 


Normally, academic staff member 
are expected to participate in present 
ation of courses at the first, secon 
and third year levels of the BSc degre 
and also to participate in researc! 
programs relating to their field o 
special expertise. 

The appointment will be for 4 year 
with possibility of further 2 yea 
extension. 


It is expected that the position wi 
become available for occupancy fror 
the start of 1982. 


Further details concerning th 
position and the department may b 
obtained from: The Professor c 
Bontany, La Trobe University 
Bundoora, Victoria, 3083, Australis 
Salary: $A19,821 — $26,037. 

Further information and applicatio 
forms are available from the Associi 
tion of Commonwealth Universiti 
(Appts.), 36 Gordon Square, Londc 
WCIH OPF. Applications close on z 
November 1981. (9719)A 
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J Southampton 


t INDUSTRIAL ADVISORY 
UNIT IN CRYOGENICS 
Following an award from the 
§ Wolfson Foundation to set up the 
S above Unit within the Institute of 
Cryogenics, applications are 
invited for the following appoint- 
ments: 


1. TECHNICAL AND 
PROJECTS MANAGER 


Í 2. RESEARCH ENGINEER 


Candidates should have wide 
experience with cryogenic fluids 
in industry, and an active 
research interest in cryogenics or 
refrigeration engineering. 
Graduate or professional quali- 
fications (eg C Eng) and an ability 
‘to undertake some teaching are 
required, 

Salaries in range to £12,860 
depending on qualifications 
and experience. Further 
particulars from DAS 
Copland, The University, 
Southampton SO9 5NH, 
quoting reference no 319/A. 
(9672)A 

































ASSISTANT/ASSOCIATE 
PROFESSOR 
MICROBIOLOGY 


A position is open for an Assistant or 
‘Associate Professor with expertise in 
the broadly defined areas of the 
genetics and/or biochemistry of 
prokaryotic or eukaryotic micro- 
Organisms. This position, in the 
Microbiology Department of the 
Mount Sinai School of Medicine, 
offers an exceptional opportunity to 
conduct original research in a modern, 
spacious, well equipped building, in an 
environment of active teaching and 
research. The Mount Sinai School of 
Medicine, located in Manhattan’s 
desirable upper East Side, is young (14 
years old) and growing, and has 
already developed into one of the 
‘ations outstanding research centers. 
“The Microbiology Department, which 
acurrently has major strengths in 
virology and immunology, seeks to 
expand and develop its program in 
microbial genetics and biochemistry, 
including, for example, basic research 
an Escherichia coli, Bacillus subtilis, 
S fungi, protozoans, helminths, 

acteriophage, or pathogenic micro- 
organisms. 


Those interested should submit 
curriculum vitae, a list of publications, 
a summary of current research in- 
erests and names of three references 
who may be contacted to Dr James G 
MWetmur, Search Committee Chair- 
man, Department of Microbiology, 
Mount Sinai School of Medicine, 5th 
Avenue and 100th Street, New York, 
New York 10029. The Mount Sinai 
school of Medicine is an Equal 
Ipportunity/Affirmative Action 
employer. Application deadline is 
Jecember 1, 1981. 

(NWS7T2A 
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Officer-in-Char ge 
Industrial 










Microbiology Unit 


Melbourne Australia 


Scientists with an established record of personal 
research achievement and leadership are invited to 
apply for the position of Officer-in-Charge of the 
recentiy announced Industrial Microbiology Unit. 
The Unit will come into existence in early 1982 on 
the basis of staff and support resources transferred 
from the Division of Chemical Technology. 


CSIRO is Australia’s iargest and most 
comprehensive research Organization having 
approximately 7,500 employees of whom 2,700 are 
research and professional scientists. Its broad 
charter covers research into problems of primary 
and secondary industries and such fields of 
community interest as human nutrition, the 
environment and the development and use of 
natural resources. The Organization's 43 scientific 
research Divisions and Units, which are dispersed 
throughout Australia, are grouped into five 
institutes. Each Institute is headed by a Director. 
The industrial Microbiology Unit will be one of the 
components of the Institute of Industrial 
Technology, the others being the Divisions of 
Applied Organic Chemistry, Building Research, 
Manufacturing Technology, Protein Chemistry, 
Textile Industry and Textile Physics. In 1982 a 
Division of Cellulose Research will be added: the 
research of this Division and of the industrial 
Microbiology Unit will initially be developed from 
programs at present in the Division of Chemical 
Technology. This same Division also has a water 
purification research program which is to continue 
with an emphasis on physico-chemical methods of 
treatment. Future management arrangements for 
the water research group are not finalized, but will 
not be a responsibility of this Unit. 

The function of the Unit will be to undertake 
scientific research on microbial genetics, gene 
technology and industrial fermentations, in relation 
to the utilization of renewable raw materials and the 
treatment of wastes. It is intended that the research 
will be focussed towards industrial, as distinct from 
agricultural, applications. 

Research programs dealing with certain aspects 
of biotechnology are already in progress in those 
portions of the Division of Chemical Technology 
which are to become the foundations of the new 
Unit. The Unit will be expected to maintain close 
links with a number of other portions of CSIRO, 
especially the Division of Cellulose Research and 
the water research group. It is intended that the 
Unit will initially have a total staff of approximately 
20, including about 10 in the research scientist and 


other professional categories. The Unit will alse 


have access to certain sectors of support staff who | -e 


will be shared with the Division of Cellulose 
Research. 

During the latter part of 1982 the staff of the Unit 
and of the Division of Celluiose Research will move 
from their site in South Melbourne to a new 
laboratory complex which is currently under 
construction at Clayton, Melbourne, close to 
Monash University and twe other Divisions of 
CSIRO. This accommodation will include facilities 







for the scaling up of programs which warrant iakin o 1. 


a pilot plant. There is also accommodation for pilot f e 


scale work at Lower Plenty, an outer suburb of 
Melbourne. 

An Officer-in-Charge is responsible to the 
institute Director for the development, scientific 
direction and integration of the research programs 
of the Unit and for the development of active 
collaboration with industry bodies, tertiary 
institutions and research associations. The Officer. 
in-Charge of the Industrial Microbiological Unit will 
be expected to have a thorough knowledge and 
appreciation of current research in the fekis 
indicated by the stated function of the Unit. 

The salary for the position is negotiable but will 
not be less than $439,433 pa. 

Appointment to the Organization is for an 
indefinite period and carries Commonwealth 
superannuation privileges subject to normal 
conditions. The position of Officer-in- Charge is 
offered for a negotiable term typically of five to 


seven years, with subsequent options fora further i 


term, if mutually desired, or for a senior research 
position in the Organization. 

Dr H W Worner, Director of the Institute of 
industrial Technology and Chairman of the Search 
Committee will be pleased to discuss the position 
with potential applicants. He would also welcome 
advice concerning this appointment from people 
with particular interest in it. Or Worner can be 
contacted at the address below. 

Applications: Stating ful’ personal and 
professional details and names of at least two 
professional referees and quoting reference number 
A0525 should reach the Director by 13 November 
1981 at the following address: 

Dr H W Wormer, AO FTS 


Director 

CSIRO Institute of incustrial Technology 
PO Box 225 

DICKSON ACT 2602 

AUSTRALIA IS73TIA 









ASSISTANT PROFESSOR 
OF ANATOMY 


The Department of Anatomy of The Medical College 
of Pennsylvania invites applications for three 
tenure-track faculty positions from the following 
research disciplines: 1. The biology of cell contrac- 
tie systems; 2. Neurophysiology, especially in- 
tracellular recording related to spinal cord func- 
tlons and behavior, 3. Nerve tissue culture, hy- 
bridoma technology and monocolonal antibody 
production. Candidates for these positions should 
have a doctoral degree (PhD or MD), 2 years of post 
doctoral training and demonstrated research pro- 
ductivity. Appointees are expected to develop in- 
dependent and collaborative research programs 
and to participate in the teaching of either his- 
tology or neuroscience. Send curriculum vitae, 
summary of research goals and the names of three 
references to: 


DR. LEONARD L. ROSS 
Professor and Chairman, 
Department of Anatomy 
THE MEDICAL COLLEGE 
OF PENNSYLVANIA 
3300 Henry Avenue 
Philadelphia, PA 19129 


An Equal Opportunity Employer, M/F 
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CENTRE DE RECHERCHE MERRELL INTERNATIONAL 
Strasbourg (France) 
{part of the Dow Chemical Company) 


Senior Pharmacologist 


Applications are invited for the position of a Senior Pharmacologist of 
proven ability in his chosen field. The Center carries out basic research 
cia with a view to finding new drugs so that a good record in innovative 

| research is more important than a knowledge and background in 
§ classical screening. 


This is a senior appointment and candidates should have a PhD, or 
: i equivalent, and several years of laboratory experience with clearly 
demonstrated creative ability. 


The current pharmacological interests of the Center are largely in CNS, 


cardiovascular and anti-cancer drugs but consideration will be given to 
good candidates within or outside of these fields. 


Applications including a curriculum vitae should be directed to: 

Jan Koch-Weser, M.D, Centre de Recherche Merrell 

international, 16 rue d'Ankara, 67084 Strasbourg a ee 
W À 


ARID LANDS ECOLOGIST 
ASSOCIATE DIRECTOR 


The Laboratory of Biomedical and Environmental Sciences, 
University of California at Los Angeles, invites applications for the 
senior position of ARID LANDS ECOLOGIST and ASSOCIATE 
DIRECTOR of the laboratory's program in Ecology. The position 
carries with it a joint appointment on the tenure track level in the 
Department of Biology, UCLA. Candidates are sought in the field of 
TERRESTRIAL ECOLOGY OF ARID REGIONS, with expertise in 
DESERT ENVIRONMENTS preferable. The successful candidate 
will be expected to head the Laboratory's ecology program and 
undertake some administrative duties in the overseeing of 
Department of Energy support for this program: the position reports 
to the Laboratory's director. Some teaching is expected of the 
position, in the Department of Biology. Program and equipment 
funds are sufficient to support a vigorous research program; this is 
an 11 month appointment with concomittant salary. 

Send curriculum vitae, synopsis of recent and current 
research activities and interests, and three references, 
before December 18, 1981, to: ARID LANDS ECOLOGIST 
SEARCH COMMITTEE, c/o Dr. Martin L. Cody, Department 
of Biology, University of California, Los Angeles, CA 90024. 
An equal opportunity/affirmative action employer. 

(NW981)A 











BEHAVIORAL 
NEUROSCIENTIST 


Two-year postdoctoral research 
associateship available in Sep- 
tember 1982. Salary range: $12.500 
to $15.000, depending on ex- 
perience. Ongoing work involves the 
study of animal models of brain 
damage or drug-induced movement 
disorders including akinesia, 
hyperkinesia, catalepsy, and drug- 
induced stereotypies in rats and 
cats, using EEG, EMG, and move- 
ment notation analysis to augment 
direct observations and films. Please 
write, preferably before 15 March 
1982, including curriculum vitae and 
three letters of reference, to: Dr 
Philip Teitelbaum, Psychology 
Department, University of Illinois, 
603 East Daniel, Champaign, fil. 
61820 (telephone: 217-333 0979). 
The University of iifinais is an Equal 
Opportunity! Affirmative Action 
Employer. NW982} 





THE DEPARTMENT OF 
PHYSIOLOGY & BIOPHYSICS 
is seeking candidates for two new 

FACULTY POSITIONS 
Applicants must have a doctoral degree 
and several years of postdoctoral 
experience, and should be prepared to 


| carry out indedependent research & to 


sie 


participate in the teaching activities of the 


| department physiology or biophysics, but 


will give preference to peaple working in 


i the area of cellular neurobiology, 


membrane physiology & the regulation of 
metabolism. 
We plan to appoint tenure-tract associate 
& assistant professors, but will also 
consider applicants for appointment as 
tenured associate and full professors. 
Applicants should send their curriculum 
vitae and bibliography. Reprints of several 
recent papers a statement of current 
research interest, and the names of three 
references to: Dr Robert L Perlman, Head, 
Department of Physiology & Biophysics, 
University of Illinois College of Medicine, 
PQ Box 6998 Chicago, IL 60680. 
(NW973)A 


ASSISTANT PROFESSOR 
MOLECULAR BIOLOGY 
The Albert Einstein College of 
Medicine, Division of Biological 
Sciences, would like to recruit an 
assistant professor interested in 
basic research in the area of gene 
regulation and development. The 
candidate must have a PhD degree 
and a minimum of 2 years of 
postdoctoral training. The position 
requires an individual who will 
establish a vigorous program of 
independent research as well as 

participate in graduate teaching. 

interested applicants should forward 
a letter of application, curriculum 
vitae, and the names of three 
references to: Dr. Lucy Shapiro, 
Chairman, Department of Molecular 
Biology, Albert Einstein College of 


Medicine, 1300 Morris Park Avenue, | 


Bronx, New York 10461. 
An Equal Opportunity Employer. 
(INWS74)A 
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15 October I 
READVERTISEMENT 
SCOTTISH CROP 

RESEARCH INSTITUTE 

Invergowrie, Dundee DD2 5D 
PRINCIPAL SCIENTIFIC 

OFFICER 

Applications are invited for the post o 
PLANT PHYSIOLOGIST 

within the Crops Research Section 


The appointee will have responsibil: 
for initiating and developing a pr 
gramme of research on the physio! 
gical processes which determi 
maturity, yield and size gra 
distribution of the potato cro 
Emphasis will be placed on und 
standing the physiological mect 
nisms controlling the accumulation 
dry matter and the phasing of 
distribution within the plant. Oth 
staff within the section are alrea 
a in investigations at the cr: 
evel, 


The ultimate objectives of the wo 
are to provide information useful 
the breeder in setting his targets and 
suggest new ways of improving t 
productivity of ware and seed cror 
The Institute has a major breedr 
programme in potatoes, and a weal 
of genetic material for the physiolog 
to explore in collaboration with t 
breeder. 


Candidates should have a gox 
Honours Degree or Higher Degre 
considerable post-graduate e 
perience, and should be able 
provide evidence of ability to lead 
team. 





Knowledge of the potato cro 
though an advantage, is not 
important as a sound background 
physiological research at the plant ar 
tissue level, and a capacity f 
innovative research. 


Salary will be on a scale rising fro 
£10,398 per annum to £13,448 p 
annum. There is a Non-Contributo 
pension scheme. 


Applications with curriculum vit 
and names and addresses of tv 
referees should be sent to the Secreta 
not later than 31st October 1981. 

(9724A 


UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF 
BIOCHEMISTRY 
RESEARCH TECHNICIAN 
{Grade 3-5) 

Applications are invited for the po: 
of research technician on a 2 yei 
SRC funded project with Dr. P. ( 
Engel involving studies of tt 
chemical modification of enzyme 
The appointee would be expecte 
to become responsible for tt 
separation and identification | 
chemically modified peptides ar 
some previous experience | 
protein chemistry and enzymolog 
would be a great advantage. 
Appointment would be at a sala 
point and on a grade according | 
age and experience in the ram 
£4,672 — £6,650 p.a. 
Applications with the names of tw 
referees should be sent to tt 
Administrative Officer {Personnel 
(Ref $1693), The Universit 
Sheffield S10 2TN by 30th Octobe 
1981. (9709)4 
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AGRICULTURAL 
RESEARCH COUNCIL 
MONOCLONAL ANTIBODY 

ies CENTRE 

The ARC intends to establish a new 
laboratory at the Institute of Animal 
Physiology, Babraham, to undertake 
monoclonal antibody research rele- 
vant to agriculture and veterinary 
medicine, to provide a collaborative 
facility for hybridoma production and 
maintenance of cell lines, and to offer 
information and expertise to labo- 
ratory scientists elsewhere in the 
Agricultural Research Service. The 
new laboratory will be sited adjacent 
to the Department of Immunology 
and excellent opportunities exist for 
collaboration with this and other 
laboratories in the Institute and in 
Cambridge, where monoclonal re- 
search has been pursued for several 
years. 


Applications are invited for six new 
posts as follows: 


One PSO (salary in scale £10,398 — 
£13,448) to take charge of the 
laboratory. 


One HSO/SSO (salary in scale HSO 
£6,530 — £8,589; SSO £8,209 — 
£10,322). 


For both positions evidence of 
creativity in relevant research will be 
required, 


Four support posts, one at HSO 
£6,530 — £8,589) and three at SO 
£5,176 — £6,964) or ASO (£2,675 — 
3,379) according to qualifications 
ind experience which preferably 
ihould include cell culture and 
1ybridoma techniques. 


Non-contributory superannuation 
cheme, 


Application forms (from Director’s 
Jffice) and enquiries to the Director, 
dr B A Cross, CBE, FRS, Institute of 
Animal Physiology, Babraham, 
-ambridge CB2 4AT. Closing date for 
pplications 25th November 1981. 

(971D)A 


UNIVERSITY OF 
STRATHCLYDE 
Applications are invited for a 
POSTDOCTORAL RESEARCH 
ASSISTANT 
in the 
DEPARTMENT OF PURE AND 
APPLIED CHEMISTRY 
to work on Selective Functiona- 
lisation of Aromatic compounds in 
collaboration with Dr. D. C. 
Sherrington and Dr, C. J. Suckling 
(Royal Society Senior Research 

Fallow. 

Appointment is from 1 October 1981 
‘or a period of up to three years on 
Range IA of the national salary 
structure for research and analogous 
itaff. Commencing salary will be on 
he scale £6,880 — £7,700 per 
mnum with placing according to 
ige, qualifications and experience. 
JSS benefit. 

Applications including curriculum 
itae and the names of two referees 
quoting R4/81) should be sent to 
X. C. J. Suckling, Department of 
‘ure and Applied Chemistry, 
Iniversity of Strathclyde, 295 
'athedral Street, Glasgow G1 1XL, 
‘om whom further details can be 
btained. (9713)A 
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Protection of the Marine Environment 
Ministry of Agriculture, Fisheries and Food 
Lowestoft and Burnham on Crouch 


There are currently the following opportunities within the Aquatic Environment Protection Divisions 


Disposal and Monitoring of Radioactive Wastes, Lowestoft 


Scientist — to evaluate the environmental impact 
of disposals of radioactive liquid and solid wastes to 
the aquatic environment from the major nuclear 
sites and advise on permissible discharge limits, 
taking account of the recommendations of the 
international Commission on Radiological 
Protection, The work includes developing and 
applying new methods of evaluation, and 
participation in national and international working 
groups. 


Candidates, normally aged under 32, should have 
a good honours degree in mathematics, physics, 
chemistry, or other relevant science, and at least 4 
years appropriate postgraduate or other approved 
experience. 


Appointment as Senior Scientific Officer. Ref: 
SB/65/ AD 









Scientist — to manage the Atmospheric 
Deposition Monitoring Programme. The work 
involves the use of appropriate collecting systems 
including dry cloth collections, interpreting results, 
liaison with MAFF Customer Groups, with nuclear. 
site operators in conjunction with Ministry a 
Inspectors, and with other organisations working in 
the same field. The successful candidate willaiso | 
be expected to develop more advanced collection/ 
measurement techniques for investigation of 
environmental pathways. are 

Candidates, normally aged under 30, should have 
a good honours degree in physics, chemistry or 4 
other relevant-science, and at least 2 years, 
appropriate postgraduate or other approved 
experience. 

Appointment of Higher Scientific Officer. Aer: 
S8/66/AD 


Disposal of Waste at Sea, Burnham on Crouch 


Scientist — in consultation with other sections 
within the Ministry and with industry, to assess the 
environmental impact of proposed dumping 
operations and formulate the necessary scientific 
advice, taking into account the provisions of 
international conventions. Work includes advising 
on the effects of sand and gravel extraction and the 
licensing of oil slick dispersants. 

Candidates, normally aged under 32, should have 


a good honours degree in chemistry, chemical 
engineering, physics or other relevant science, and 
at least 4 years appropriate postgraduate or other 
approved experience in an environmentally 
orientated fieid. Statutory and industrial experience 
would be advantageous. 


Appointment as Senior Scientific Officer. Ref: 
SB/64/AD 





Salary: Senior Scientific Officer £8,205 — 
£10,320; Higher Scientific £6,530 — £8,585. 
Starting salary according to 
qualifications and experience. 


For further details and an 


moCcientificm 
application form (to be returned BCivil Service m 


by 6 November 1981} write to Civil 


Service Commission, Alencon 
Link, Basingstoke, Hants RG21 
14B, or telephone Basingstoke 
0256) 68551 (answering service 
operates outside office hours). 
Please quote appropriate ae 
reference. (9720A 9. 


Ps 














MICHIGAN TECHNOLOGICAL 
UNIVERSITY | 
DEAN OF THE 
GRADUATE SCHOOL 
In addition to developing and 
directing the current PhD and 
Masters Degree programs, the Dean 
will be responsible for moving 
selected graduate programs and the 
whole Graduate School and its 


BIOTECHNOLOGY 





















faculty to positions of strength and 
national recognition commensurate 
with those of a distinguished 
research university. 

Existing graduate programs are in 
the College of Engineering, College 

















Forestry and Wood Products, and 


Administration. 
Nominations and applications 
should be sent by December 15, 
1981, to the Search Committee, 
Office of the Vice President for 
Academic Affairs, Michigan Tech- 
nological University, Houghton, 
Michingan 49931. 

Michigan Technological University 
is an Equal Opportunity Educational 
Institution/Equal Opportunity Em- 
ployer. (NW976)A 








of Sciences and Arts, School of! 


School of Business and Engineering | 





Protein chemists and enzymologists with experience in 
conformational analyses of proteins, immunochernists 
or veterinarians interested in characterizing viral or 
protozoan antigens, and scientists versed in 
recombinant DNA technology are being actively 
recruited by CODON. 


Codon’s Genetic Engineering Laboratories, located just 
south of San Francisco, are offering employment 
Opportunities at several levels. 


Send résumé in confidence to: 
Codon, 
430 Valley Drive, Brisbane, CA 94005. 
(NW993A) 


Announcement of Vacant Position 
Germplasm Resources Specialist — 
eee of Popiera Resources ata 





<); cassava (Manih aena CONE], 
ond tropical. grass ae iegume-pa ira and forage species are 
concentrated in the Germplasm Resources. Unit (GRU). GRU 
scientists collaborate closely with CIAT crop and pasture 
improvement programs in the general area of germplasm 
management. 


The Head of the GRU manages: ‘the’ Unit and gives appropriate 
technical input within: his or her field of expertise. Candidates with 
training and experience in the general area of germplasm 
conservation management and with interest in botanical and 
genetical aspects of the work will receive priority consideration. 
Opportunities exist within the resources of the Unit for the scientist 
filling this position to develop a particular interest in any research 
area which is complementary to the general objectives of the Unit 
and to CIAT programs. Since the GRU at CIAT basically fills the role 
of a global germplasm service function for the above species it is 
clear that these activities of the Unit must be given highest priority. 


One of the important functions of the Head of the Unit is to continue 
to assist in the development of collaborative activities with the 
IBPGR (international Board for Plant Genetic Resources) and with 
germplasm researchers at the netional level in both developed and 
developing countries. The position offers an exciting opportunity 
for a scientist dedicated to germplasm conservation and with wide 
interests in the field. A working knowledge of the Spanish and/or 
Portuguese languages would be an advantage. 


Living and working conditions in the Cali environment are 
good with international primary and secondary schools 
available. Salary and perquisites are in accordance with 
international standards. interested persons should send an 
up-to-date curriculum vitae, list of referees and a transcript 
of academic records to Dr. Douglas R. Laing, Director for 
Crops Research, CIAT, Apartado Aéreo 6713, Cali, Colombia. 
Applications for the position should be received at CIAT by 
December 31, 1981 at the iatest. The appointment will be 
made as early as possibile thereafter. (NWS990)A 








POSTDOCTORAL POSITIONS 
IN MOLECULAR BIOLOGY 


in a program involving the [HRI and 
the University of Washington to 
study antigenic variation and 
control of gene expression in | 
trypanosomes. Recombinant | 
DNA, immunologica! (monoclonal | 
antibody), and related technologies 
will be used; thus, experience in 
one of more of these areas would 
be useful. Salary: $14,000 to 
$16,000. 


i Send curriculum vitae and names- 
of three references to: Dr Kenneth | 
Stuart, Issaquah Health Research 
institute, 1595 Northwest Gilman. 
i Boulevard, Issaquah, Wash. | 


4 





- 198027. (NW989)A 


POSTDOCTORAL POSITION 


A position will be available about | 
March 1982 for an individual inter- 
ested.in enzymology and regulation of 
RNA processing in prokaryotes or 
eukaryotes [see JBC 255, 11233 and 
11240 (1980); JBC 256, 5627 and 5633 
(1981)] or in supramolecular organi- 
zation of the eukaryotic protein- 
synthesizing system [Biochemistry 79, 
4978 (1980)]. 


Applicant with experience in nucleic 
acid enzymology and/or molecular 
genetics preferred. Send curriculum 
vitae and three letters of reference to 
Dr Murray P Deutscher, Department 
of Biochemistry, University of Con- 
necticut Health Center, Farmington, 
CT 06032. (NW969)A 


Kennedy-Galton Centre for 


Clinical Genetics 
Harperbury Hospital 


Harper Lane, Shenley, Radlett, Herts WD7 9HQ 


Cytogeneticist 


(Basic Grade) 


Salary: £5,129 — £7,537 plus £527 London Weighting 


Required to work mainly in the section undertaking amniotic cell 
culture for the pre-natal detection of chromosome abnormalities. 


Candidates should be graduates in genetics or a biological 
subject, Experience in human cytogenetic techniques 


advantageous but not essential. 


Application form from: Personnel Officer, Harperbury 


Hospital. Tel: Radlett 4861. 


(9707)A 
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GUY’S Hospital Medical School, 
Occupational Health Research Unit, 
Department of Community Medicine. 
Graduate or Postdoctoral Research 
Assistant required for two years to 
develop a portable electronic device 
for measuring back stress. Applicants 
should have a degree in Electronic 
Physics, preferably with bioengineer- 
ing training or comparable experience; 
interest in physiological and occupa- 
tional aspects of low back pain desir- 
able. Salary in range £5,285 — £7,700 
or £6,070 -—— £10,575 according to 
qualifications and experience, plus 
£967 London Allowance. Apply in 
writing, with full curriculum vitae, to 
the Secretary, Guy’s Hospital Medical 
School, London Bridge SE! 9RT, 
from whom further information may 
be obtained. Please quote Ref. CM. 
Telephone enquiries to Department of 
Community Medicine (01-407 7600 ext 
2157). (9708)A 


UNIVERSITY OF TORONTO 
DEPARTMENT OF MEDICAL 
GENETICS 
ASSISTANT PROFESSOR 

TENURE STREAM 
Applications are invited from MD’s 
or PhD’s with postdoctoral research 
training and a strong background in 
the molecular genetics of higher 
organisms or the application of 


molecular genetics to medical or 
related problems. 


Appointee would be expected to 
lead an independent research 
program in area of expertise and 
participate in the teaching of mole- 
cular and cell biology. Salary is com- 
mensurate with experience. 

Applications, giving names and 
addresses of three referees, should be 
sent to Dr Andrew Becker, Depart- 
ment of Medical Genetics, University 
of Toronto, Toronto, Canada MSS 
1A8 before December 31, 1981. 

(NW977)A 


NONTENURE TRACT 
POSITION 


to investigate cellular and molecular 
aspects of host parasite interaction. 
Experience in cell culture, bio- 
chemical separation techniques, 
microbial physiology, molecular 
genetics, immunology, virology or 
pathogenic organisms required. 
Part-time teaching commitment in 
medical microbiology required in 
one semester. Doctorate required. 
Position available immediately. 
Closing date 1 December, 1981. 
Send curriculum vitae, description 
of professional aspirations and 
names of three referees to Or Byron 
Burlingham, Department of Micro- 
biology, School of Medicine, East 
Carolina University, Greenville, NC 
27834. An Equal Opportunity 
through Affirmative Action Em- 
ployer. (NW984)A 
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15 October 1 


UNIVERSITY 
OF ZURICH 


Postdoctoral position 


CRYSTALLOGRAPHER: 
BIOCHEMIST 


required for a project on solid-sc 
phase transitions in cholesterol € 
oxysterols and on related phase tra 
itions in model membranes. Excell 
research facilities in thermal anal 
and X-ray crystallography : 
available at the institute. 


Appointment (from February 
1982 or earlier) will be for one yea: 
the first instance with possi 
extension to two years. Salary ra 
Swiss francs 40,000 to 43,000 | 
year. 





Applications including two lett 
of recommendation to Dr E Dub! 
Institute of Inorganic Chemist 
University, Winterthurerstrasse | 
8057 Zürich, Switzerland (W463)4 


THE ROYAL MARSDEN 
HOSPITAL 
Down Road, Sutton, Surrey 


CYTOGENETICIST 


Experienced human cytogenetic 
required at the Royal Marsc 
Hospital Surrey branch. The wi 
involves chromosomal investigati 
of bone marrow and other tissues 
diagnosis in patients with leukaer 
and other malignancies. 


Salary scale £5,686 to £8,{ 
according to qualifications a 
experience. 


Applications forms from 1 
Personnel Department, Roi 
Marsden Hospital, Fulham Ro: 
London SW3 Tel: 01-352 8171 | 
446. 


Closing date —- 26th October 19! 
(9TI6)A 


UNIVERSITY 
OF PENNSYLVANIA 
School of Medicine 
DEPARTMENT OF 
BIOCHEMISTRY & BIOPHYSICS 
RESEARCH ASSISTANT 
PROFESSOR IN 
BIOCHEMISTRY & 
BIOPHYSICS 
Non-Tenure track 


A candidate is being sought for 
position of Research Assists 
Professor in a research progr. 
aie with the measurement 

transients in single mus 
an Preference will be given 
candidates with several years 
experience with techniques p 
taining to isolation of single mus 
fibers, quantitative micro-spect 
photometry, electro-physiologi 
recording, and the isolation/char 
terization of Ca-binding proteins. 


Please send résumé, including 
summary of research and three 
letters of reference to: Dr David 
Trentham, Chairman, Departm 
of Biochemistry & Biophysi 
University of Pennsylvania, Sch 
of Medicine, Philadelphia PA 191 


The deadline for applications 
November 15, 1981. An Affirmat 
Action/Equal Opportun 
employer. (NW940)4 
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AUSTRALIA 


Chief of Division 


Division of Cellulose Research 


Scientists and Engineers who have an established record of 
personal research achievement and leadership are invited to apply for 
the position of Chief of the recently announced Division of Cellulose 
Research. The Divison will come into existence in 1982 after the 
retirement of Dr H G Higgins, FTS, from the position of Chief of the 
Division of Chemical Technology. This Division will furnish the staff 
and support resources for the new Division. 

= CSIRO is Australia’s largest and most comprehensive research 
Organization having approximately 7,500 employees of whom 2,700 
are research and professional scientists. Its broad charter covers 
research into problems of primary and secondary industries and such 
fields of community interest as human nutrition, the environment 
and the development and use of natural resources, The 
Organization’s 43 scientific research Divisions and Units, which are 
dispersed throughout Australia, are grouped into five Institutes. Each 
Institute is headed by a Director. The Division of Cellulose Research 
will be one of the Divisions within the Institute of Industrial 
Technology, the other components of which are the Divisions of 
Applied Organic Chemistry, Building Research, Manufacturing 
Technology, Protein Chemistry, Textile Industry and Textile Physics. 
in 1982 an Industrial Microbiology Unit will be added; the research of 
this Unit and of the Division of Cellulose Research will initially be 
based on programs at present in the Division of Chemical 
Technology. This same Division also has a water purification 
research program which it is to continue with an emphasis on 
physico-chemical methods of treatment. Future management 
arrangements for the water research group are not finalized, but will 
not be a responsibility of the Division of Cellulose Research. 

The Division of Cellulose Research is to conduct scientific and 
technological research which will contribute to a greater 
understanding of options for the utilization of all forms of 
lignoceliulose resources, and their derivatives, in applications such 
as: 

* constructional materials, especially those with enhanced 
mechanical properties and durability; 

e paper and similar materials: 

* conversion to chemicals and fuels. 

Research in these fields is already in progress in the Division of 
Chemical Technology. It is intended that some of the future research 
programs will evolve from the current activities, and that the scope 
of the work will range from basic studies of the anatomy and 
properties of lignocellulose materials, through the science and 
technology of relevant physical and chemical processing systems, 
into the realm of understanding the molecular and structural origins 
of the physical, mechanical and chemical properties of end products. 

The Division will be expected to maintain close links with a number 























HIGH ALTITUDE 
OBSERVATORY 


visitor Appointments at the High 
Altitude Observatory are available 
or new and established PhD’s for 
ip to one year periods to carry out 
esearch in solar physics, solar- 
errestrial physics, and related sub- 
acts. Applicants should provide a 
‘urriculum vitae including educa- 
ion, work experience, publica- 
ions, the names of three scientists 
amiliar with their work, and a 
tatement of their research plans. 

Applications must be received by 
5 January 1982, and they should 
i sent to: Visitor Committee, High 
\Ititude Observatory, National 
enter for Atmospheric Research 
NCAR), PO Box 3000, Boulder, 
‘olorado 80307. NCAR is an Equal 
ipportunity/Affirmative Action 
mployer. (NW93T)A 


UMIST 
DEPARTMENT OF 
BIOCHEMISTRY 
POST-DOCTORAL RESEARCH 
ASSISTANT IN ELECTRON 
MICROSCOPY 
REF: BIiO/133/ Al 
Applications are invited to work ona 
two year SERC-funded project to 
examine the relationships between 
cobalt labelled neurones in the 
locust central nervous system. For 
further details contact Dr. N. M. 
Tyrer, Department of Biochemistry 

(061-236 3311 ext 2115 or 2111). 
Salary will be in the range £6,070 — 
£7,700 per annum. 

Request for application forms, 
quoting the above reference, should 
be addressed to the Registrar, Room 
BS, UMIST, PO Box 88, Manchester 
M60 1QD. The closing date is 30 
October, 1981. (S715)A 











Melbourne Victoria 


of other Divisions, especially the Divisions of Forest Research and 
Building Research. It will also need to have strong associations with 
the industrial Microbiology Unit. 

it is expected that the Division will have a total staff of 
approximately 130, including about 30 research scientists and nearly 
30 in other professional categories. 

During the latter art of 1982, the South Melbourne based staff of 
the Division of Cellulose Research and the Industrial Microbiology 
Unit will move from their site in South Melbourne to a new 
laboratory complex which is currently under construction at Clayton, 
Melbourne, close to Monash University and two other Divisions of 
CSIRO. it is envisaged that some staff groups presently working at 
Highett, Melbourne, may continue at that site. 

A Chief of Division is responsibie to the Institute Director for the 
development, scientific direction and integration of the research 
programs of the Division and for the develoment of active 
collaboration with industry bodies, tertiary institutions, and research 
associations. The Chief of the Division of Cellulose Research will be 
expected to develop a close working knowledge of the lignocellulose 
resources of Australia and the research and development 
requirements of present and likely future industries with an active or 
latent interest in the utilization of those resources. 

The salary for the position is negotiable but will not be less than 
$A43,158 pa. 

Appointment to the Organization is for an indefinite period and 
carries Commonwealth superannuation privileges subject to normal 
conditions. The position of Chief is offered for a negotiable term 
typically of five to seven years, with subsequent options for a further 
term, if mutually desired, or for a senior research position in the 
Organization. 

Dr H W Worner, Director of the Institute of Industrial Technology 
and Chairman of the Search Committee will be pleased to discuss 
the position with potential applicants. He would also welcome advice 
concerning this appointment from people with a particular interest in 
it. Dr Worner may be contacted at the address below. 


Applications: stating full personal and professional details and 
names of at least two professional referees and quoting reference 
number A1750 should reach the Director by 13 November 1981 at the 
tollowing address: 

Dr H W Worner, AO, FTS, 

Director 

CSIRO, Institute of Industrial Technology 
PO Box 225 

DICKSON ACT 2602 

AUSTRALIA 


J 


1 BIOGEN Nc. ~ 


i CAMBRIDGE, MASSACHUSETTS 
Positions are available for scientists at all levels who are skilled in the areas of: 


Microbial Physiology Biochemistry 
Genetics Organic Chemistry 
Cell Biology Enzymology 


I Nucleic Acid Biochemistry Protein Chemistry 

Recombinant DNA Technology 

Biogen is a biotechnology company with laboratories in the United States 
| and Switzerland, developing commercial applications of molecular biology 
i in the areas of agriculture, chemicals, pharmaceuticals and energy. We 

offer a challenging scientific career with the opportunity to interact with 
l talented colleagues in a stimulating environment, 

Research is currently underway in our laboratories in Cambridge and we are 
i continuing to expand our staff and facilities during 1981-1982, We are 

seeking people in a variety of areas as we initiate new projects. 

Biogen offers a competitive salary and benefits package. 

Reply to: Personnel Director, Biogen Inc., 50 Church Street, 
i Cambridge, MA 02138. Please send your résumé and a list of three 
i individuais whom we may contact for references on your behalf. All 

replies will be evaluated in confidence. Biogen is an equal 


§_ opportunity employer. (NVW/99T) 


at AEA tenn aTr Aa aiana anA N 


YOU’VE GOT A 
BRIGHT IDEA 


FOR NEW BIOLOGICAL OR 
CHEMICAL COMPOUNDS 


WE HAVE THE CAPITAL 
TO DEVELOP NEW DRUGS 


We are not a pharmaceutical firm but a Swiss-based, independant 
financial group which is prepared to let you participate in a capital 
venture for the exploitation of your project. 

Our object: the development of new biological or chemical products 
with previous pharmalogical screening up to the stage of clinical 
tolerance and efficacy required to permit licensing negotiations. 


POPAO NEENA ENN AA E ENNEN NAA a anaanatae i EMA a NnnNeNhHitii-vllAemilr 


To obtain all the information required for initial selection, 
please write in English, French or German to: 
DEBIOPHARM S.A. Petit-Chéne 38 - 1001 LAUSANNE 


(Switzerland). 


FACULTY POSITION IN 
BIOLOGICAL SCIENCES 
at the 
Hopkins Marine Station of 
Stanford University 

Applications are invited for an 
appointment in the Department of 
Biological Sciences of Stanford 
University, to be resident at the 
Hopkins Marine Station in Pacific 
Grove, California. The position ts 
without restriction as to rank 
although preference will be given to 
younger candidates. The position 
involves both teaching and research. 
The Station wishes to appoint some- 


one with substantial competence in | 


Marine Zoology or Marine Phy- 
cology, but whose research interests 
relate to ecological or comparative 
physiological problems. All applica- 
tions must include a curriculum 
vitae, a statement of research in- 
terests and a list of three people from 
whorn letters of reference will be 
sought. Applications should reach 
C.S. Pittendrigh, Hopkins Marine 
| Station, Pacific Grove, CA 93950 by 
December 15, 1981. Stanford 
University is an equal opportunity 
empoyer. (NW987)A 

























U 


scales} with superannuation, 


8QQ, as soon as possible. 





NIVERSITY OF GLASGOW 
DEPARTMENT OF CHEMISTRY 


POSTDOCTORAL RESEARCH 
(PHYTOALEXIN BIOSYNTHESIS) 


Applications are invited for a postdoctoral appointment (2 years) 
available immediately and supported by the SERC, for further 
studies of the induced biosynthesis of capsidiol and congeneric 
sesquiterpenoids in sweet pepper fruits. Salary will be within the 
range £6,070 — £6,880 (Range 1A, Research and Analogous Staff 


Enquiries, or applications with curriculum vitae and the names of 
two referees, should be sent to Professor C.J.W. Brooks, 
Department of Chemistry, University of Glasgow, Glasgow G12 


in reply please quote Ref. No. 4859. 


(W368) A 





ROYAL POSTGRADUATE 
MEDICAL SCHOOL 
(University of London) 
CLINICAL 
PHARMACOLOGY 
TECHNICIAN 
required to join a group investigating 
the role of catecholamines in 
hypertension. Duties will include 
blood pressure monitoring of small 
mammals by direct and indirect 
methods as well as assaying bio- 
logical speciments for catechola- 
mines. Experience in animal handling 
and minor surgical techniques is 
required, a Home Office animal 
licence is also required. Applicants 
should have a degree, HNC or 
equivalent in an appropriate subject. 
The post is funded by the Medical 
Research Council until 30 November 

1982. 


Salary is up to the second point on 
the Technician scale £5,193 plus £859 
London Allowance a year, depending 
on qualifications and experience. 


Application forms and further 
details are available from the 
Personnel Office, Royal Post- 
graduate Medical School, 150 Du 
Cane Road, London W12 OHS 
quoting reference number 20/463. 

(9722)A 


(9714A 





Nature Vol. 293 15 October 1981 


RESEARCH SCIENTIST 


The Charles F Kettering Research 
Laboratory has a staff opening fora 
scientist with 1-4 years postdoctoral 
experience in areas pertinent to the 
enhancement of plant productivity. 
Scientists with research programs 
related to symbiotic nitrogen 
fixation, photosynthesis or the 
interrelations between photo- 
synthesis and N, fixation are 
encouraged to apply. 


Expertise in microbial genetics and 
physiology, cyanobacteria, plant- 
microbe interactions including 
endomycorrhizal associations would 
be especially valuable. This 
laboratory offers the opportunity for 
full time, independent research with 
interaction and collaboration with 
other scientists working in nitrogen 
fixation and photosynthesis. 


Send résumé and references to The 
Search Committee, c/o D L Keister, 
The Charles F Kettering Research 


Laboratory, Yellow Springs, OH- 


45387. (NW983)A 


MASSEY UNIVERSITY 
Palmerston North, New Zealand 


LECTURER IN 
VETERINARY PHYSIOLOGY 


Applications are invited from 
suitably qualified graduates for a 
position in Physiology in the 
Department of Physiology and 
Anatomy. 


It is expected that the successful 
applicant will have a veterinary 
qualification and a basic training in 
animal physiology. While 
postgraduate experience in renal or 
electrolyte physiology would be an 
advantage, any well qualified 
physiologist with research experience 
in another area of animal physiology 
would be considered. 


The successful applicant would be 
expected to contribute to under- 
graduate courses offered to students 
enrolled for BVSc, BSc and B Agr Sc 
degrees and participate in the super- 
vision of postgraduate students. 


Salary range for the Lecturer grade 
NZ$19,835 to $23,520. 


Other details of the position, 
together with Conditions of 
Appointment, may be obtained from 
the Association of Commonwealth 
Universities (Appts.), 36 Gordon 
Square, London WC1H OPF, or 
from the Registrar of the University. 


close on 29 
(9736)A 


Applications 
November 1981. 


POSTDOCTORAL 
ASSOCIATE POSITION 


for geneticist to study audiogenic 
seizures in mice. Experience in 
biochemistry or neurology is 


desirable. Send curriculum vitae, 
reprints, and the names and 
addresses of three references to: Dr 
Thomas N. Seyfried, Department 
of Neurology, Yale University 
School of Medicine, 333 Cedar 
Street, New Haven, Conn. 06510. 
(NWS80) A 





ASSISTANT Professor: The Depart- 
ment of Biochemistry, SUNY Stony 
Brook, is seeking candidates for two 
tenure track positions at the Assistant 
Professor level for September, 1982. 
(One of these positions was advertised 
in these columns recently). The 
selected candidates will be expected to 
conduct an active, independent and 
productive research program and to 
participate in the teaching activities of 
the department. Special efforts will be 
made to fill one of these positions with 
someone whose research interests are 
in the area of Enzymology or Physical 
Biochemistry. Candidates with 
research interests in the above areas or 
in other areas of Biochemistry or 
Molecular Biology should send their 
cv, bibliography and names of three 
references by January 1, 1982 to Dr 
R Sarma, Chairman, Search Com- 
mittee, Department of Biochemistry, 
SUNY Stony Brook, Stony Brook, 
NY 11794. SUNY Stony Brook is an 
equal opportunity/affirmative action 
employer. AK 180. (NW968)A 


UNIVERSITY OF BRISTOL 
LONG ASHTON RESEARCH 
STATION 
PLANT VIROLOSIST 


A Plant Virologist is required in the 
Crop Protection Division to in- 
vestigate and advise on the virological 
components of research projects 
including some concerned with the 
eradication of viruses from clones of 
fruit and woody ornamental plants, 
the maintenance of healthy stocks and 
the transmission of cereal viruses. The 
diversity of the topics and the fact that 
the Station does not intend to form a 
large virology unit demand an adapt- 
able and self-reliant appointee 
interested primarily in the field aspects 
of virilogy and keen to collaborate 
with entomologists and horticul- 
turalists. 


Appointment will be in the HSO 
grade (£6,530 — £8,589 per annum) 
or, in the SSO grade (£8,209 — 
£10,322 per annum). Minimum 
qualifications are a first or upper 
second class Honours Degree in 
botany or microbiology. Preference 
will be given to candidates with a 
higher degree in plant virology. At 
least two years postgradute experience 
will be required for HSO grading, anc 
four years for SSO grading. 


Further particulars and applicatior 
forms from the Secretary, Long 
Ashton Research Station, Long 
Ashton, Bristol BS18 9AF, to whom 
applications should be sent by 30tk 
October, 1981. (972A 






















POSTDOCTORAL POSITION 
IN BIOCHEMISTRY/ 

MOLECULAR GENETICS 
available December 1981, to study 
developmental regulation of rabbit 
globin genes. Projects include gene 
isolation, sequence determination, 
transcription mapping, and in vitro 
transcription. Send curriculum vitae 
and names of three references to: Dr 
Ross C. Hardison, Department of 
Microbiology, Cell Biology, Bio- 
chemistry and Biophysics, Althouse 
Laboratory, The Pennsylvania State 
University, University Park, Pa. 
16802. An Affirmative Action/ Equa 
Opportunity Employer. (NWS85) A 
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SIMON FRASER 
UNIVERSITY 


FACULTY 
POSITION IN 
THEORETICAL PHYSICS 


\pplications are invited for a tenure- 
rack position in Theoretical Physics 
it Simon Fraser University beginning 
september 1, 1982. Initial appointment 
vill be at the Assistant Professor or, 
n exceptional cases, at the Associate 
*rofessor level. Applications will be 
cepted from individuals in any field 
f Physics. The Physics Department 
resently has members who are active 
n condensed matter theory, 
wonlinear problems, nuclear theory 
nd elementary particle theory. 


Applications, including a curriculum 
jtaeand the names of three referees, 
hould be forwarded before 
Jecember 1, 1981 to: Dr J C Irwin, 
chairman, Department of Physics, 
imon Fraser University, Burnaby, 
iC V5A 156. Tel: (604) 291- 
154/3160. (NW963)A 





THE INSTITUTE OF 
DERMATOLOGY 
(University of London) 
ELECTRON MICROSCOPY 
UNIT 


quires a Postdoctoral Research. 


issistant to work on a project on 
iechanisms in blistering disorders. 
‘he research will involve studies on 
»xcalization of collagen and non- 
ollagenous proteins in skin. Ex- 
erince in immunohistology is 
ssential. 


The post will be for two years in the 
rst instance. Starting salary £7,037 
) £7,847 incl London Weighting. 


Applicants should send CV and 
ames of two referees to Dr R A J 
ady, Institute of Dermatology, 
lomerton Grove, London E9 6BX. 


Please telephone 01-985 7061 (Dr 

ady} for further information. 

losing date: November 20th, 1981. 
(9727A 





RESEARCH ASSOCIATE 
POSITION 


n biophysics is available on or after 1 
September 1981. The research 
nvolves the application of 
Vidssbauer and EPR spectroscopies 
O obtain structural and functional 
nformation about metalloproteins 
ind related model compounds. 
Zecent doctorates in physics, 
themistry, or biochemistry are 
nvited to apply. Experiences in bio- 
yhysical techniques and in elec- 
ronics are desirable. Experiment- 
iist is preferred. Theorist with 
evelant background will be 
onsidered. 

send résumé and names of three 
eferences to: Dr. B. H. Huynh, 
‘hysics Department, Emory 
Iniversity, Atlanta, Ga. 30322. 
mory University is an Aftirmative 
iction Employer. (NWS975)A 





TWO POSTDOCTORAL 
POSITIONS 


available immediately on an NIH 
grant, approved through March 


1984. One, to isolate and characte- 
rize lysosomal enzymes involved in 
fertilization and second, to study the 


localization of these enzymes on 
spermacrosomal membranes by 
histochemical, immunological 
methods and electron microscopy. 
Please write to: Dr P. N. Srivastava, 
Biochemistry Department, Univer- 
sity of Georgia, Athens, Ga. 30602. 
within 1 month of this advertise- 
ment. (NW986) A 





WANT TO LIVE 
IN THE U.S.A.? 


American agency 
provides help. 
For free information write 
the U.K. address. 


The Transatlantic Agency 
(N) 33 Great James Street, 
London WC1. 
Enclose SAE please. 

(9536)A 









POST DOCTORAL 
RESEARCH ASSOCIATE 
Pasition available for EM study of 
mammalian muscle spindles. Ex- 
perience desired in skeletal muscle 
ultrastructure. Salary dependent 

upon qualifications. 

Send résumés and names of three 
references to: Dr Jan Kucera, 
Neurology Department, Boston 
University School of Medicine, 80 
East Concord St., Boston, MA 
02118. An equal opportunity 
employer m/f. (NW964)A 





















NEUROBIOLOGISTS/ 
NEUROPHYSIOLOGISTS 
The Yerkes Primate Center invites 
applications for two research 
positions in the Division of Neuro- 
biology at the Assistant or Associate 
Research Professor level with the 
opportunity for a joint appointment 
in one of Emory University’s acade- 
mic departments. If an appointment 
is made in the Department of 
Anatomy, willingness to participate 
in the teaching of gross anatomy is 
desirable. PhD required; post- 
doctoral experience expected; good 
overall background in neuroscience 
desirable. Applicants are expected 
to conduct independent and 
collaborative neurophysiologic 
research on the sensory and/or 
motor systems of primates. The 
center is committed to research in 
neurobiclogy, behavior, repro- 
ductive biology, and pathology in a 
wide variety of primates, including 
the great apes. Initial basic supportis 
provided; however, researchers are 
expected to acquire grant support 
for their projects. Qualified 
applicants should send a description 
of future research goals, relevant 
reprints, curriculum vitae, and 
names of three references to: 
Johannes Tigges, PhD, Chief, 
Division of Neurobiology, Yerkes 
Regional Primate Research Center, 
Emory University, Atlanta, Georgia 
30322. Affirmative Action/ Equal 
Opportunity Employer. (NW978)4 









































BIOCHEMIST/IMMUNOCHEMIST 
RESEARCH SCIENTIST 


We are seeking an individual with a PhD degree in biochemistry, 
immunology, or a related science to overses the development of 
new immuno-diagnostic reagents. Persors with postdoctoral 
research experience in the following areas are urged to apply: 


antibody production and purification (including mouse 


monoclonals}, 


chemical modification (conjugation) 


of 


immunoglobulins, RIA and EIA development and complement- 
mediated lysis of natural and/or artificial membranes. We offer 
excellent salary and benefits and the opportunity for career growth 
in a rapidly developing biotechnology company located in San 
Francisco Bay Area. Send C.V. and salary requirements to Sally 
Davenport, Cooper-Lipotech, Ine., 1030 Curtis St., Mento Park, CA 
94025. 


MOLECULAR BIOLOGY 
ASSISTANT 
or 
ASSOCIATE PROFESSOR 

The University of Mississippi Medical 
Center Department of Biochemistry 
invites applications for a tenure-track 
faculty position. Applicants whose 
research interests center on the 
molecular biology of gene expression 
are especially encouraged to apply but 
highly qualified candidates in other 
areas of biochemistry also will be 
considered, Established fields of 
investigation include developmental 
biology, nucleic acid and protein 
synthesis, membrane biochemistry, 
x-ray crystallography, and the 
structure and cloning of eukaryotic 
genes. 


Interested applicants should 
forward a curriculum vitae and the 
names of three references by Nov 27, 
1981 to: Dr Richard C Hunt, Depart- 
ment of Biochemistry, University of 
Mississippi Medical Center, 2500 
North State Street, Jackson, Miss 
39216. Equal Opportunity/ Affirm- 
ative Action Employer. (NW97 DA 





THE UNIVERSITY OF 
CALIFORNIA 
Irvine 
DEPARTMENT OF SURGERY 
is recruiting for an 


IN LINE PROFESSOR 
with a doctorate in 
BIOLOGY OR BIOPHYSICS 


and a background in laser tech- 
nology. This person must have 
demonstrated experience with its 
biologic effects, especially at the 
cellular and tissue levels. Must have 
an interest in and experience with 
laser application to human malignan- 
cies and in coordinating a general 
program in several surgical speciali- 
ties. The research position also 
involves teaching undergraduate 
medical students, residents, and post- 
graduate students. 


Send curriculum vitae and references 
to G Robert Mason, MD, Professor 
and Chairman, Department of 
Surgery, University of California, 
Irvine, Irvine, California, 92717 by 
November 2ist, 1981. 


The University of California is an 
Equal Opportunity/Affirmative 
Action Employer. (NW957)A 


(NW979)A 





PHARMACOLOGY OF 
CUTANEOUS 
INFLAMMATION 
Applications are invited for the post of 
POST-DOCTORAL 
RESEARCH FELLOW 
(Non Medical) 


to join an MRC-funded team 
dedicated to the elucidation of phar- 
macological mediators of hurnan skin 
inflammation, and development of 
novel anti-inflammatory drugs for use 
in human skin. Methods in use include 
a wide range of bioassay and chroma- 
tographic techniques and an active 
GC-MS unit. Most research is carried 
out on volunteer patients, 


The suecessful applicant will be 
accorded the title of lecturer and paid 
on the corresponding scale. 


Applications to: Professor Malcolm 
Greaves, Wellcome Laboratories for 
Skin Pharmacology, Institute of 
Dermatology, (University of London}, 
Homerton Gove, London E9 6BX, 
from whom further details may be 
obtained. (TIBIA 





THE UNIVERSITY 
OF SYDNEY 
SCHOOL OF 
BIOLOGICAL SCIENCES 
AMSTAC RESEARCH 
ASSOCIATE IN NITROGEN 
FIXATION 


Applications are invited for the 
above-mentioned position (PhD 
preferred} to work on nitrogen 
fixation om a coral reef. Laboratory 
work will be carried out at the 
University of Sydney. Five visits of 
2-3 weeks will be made to the One 
Tree Islamd Field Station (Great 
Barrier Reef) each year. 


The appointment is funded by the 
Australian Marine Sciences 
Technology Advisory Council for 
two years and is available 
immediate’y. 


Initial salary range: $A17,083 to 
$19,072 pa. 


Applications, including 
curriculum vitae and the names of 
two referees, should be sent to Dr A 
WD Larkum, School of Biological 
Sciences, University of Sydney, NSW 
2006, Australia, from whom further 
information can be obtained. 

(9730A 
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INTERNATIONAL SYMPOSIUM 
on 


ALTERNATIVE TECHNIQUES 


Designed to Replace the Use of Animals in Research Testing 


sponsored by THE LORD DOWDING FUND 
THURSDAY 5 NOVEMBER 1981 


The Symposium will evaluate multicentre trials carried out by 
scientists associated with Special Commission for Internal 
Pollution (SCIP) to determime whether the HUMAN 
PLACENTA is a valid model in toxicology. 


Other contributions include: 


Laboratory Characterization of Polioviruses by Biological 
Biochemistry and Immunological Methods — Dr P.D. Minor 


({NIBSC, London). 


in-Vitro Carcinogenicity Tests: Lessons from the 
International Study — Dr 1.F.H. Purchase (ICI, Alderley 


Park). 


Development of In-vitro Alternatives to the Draize Test — 


Dr W.H.J. Douglas (USA). 


APPOINTMENTS continued 


EAST MALLING 
RESEARCH STATION 
PLANT PHYSIOLOGIST 


Plant Physiologist required with 
strong interest in developmental 
plant physiology but with desire to 
carry out work of practical benefit to 
the fruit growing industry on the 
induction of branching in young 
trees, control of shoot growth, fruit 
bud development, fruit bud quality, 
fertilisation, fruit set and fruit 
growth. 


Good Honours degree in Botany, 
Agricultural Botany or Horticultural 
Science, or equivalent qualification 
with sound background in plant 
physiology required together with 
appropriate research experience. 


Salary, according to qualifications 
- and experience, in scale £6,530 — 
£8,589 (at least 2 years post 


? quali? ying experience) or £8,209 — 


| 
ee 


£10,322 (at 
qualifying experience) 


least 4 years post 
Non con- 


Further details and application 
© form from The Secretary, East 
- Malling Research Station, Maid- 
stone, Kent MELO 6B). (9705)A 





POSITION WANTED 


preerercren oat 





BSC (HONS) Geography, age 23, 
male, seeks post in UK. Please write 
to 2A Montpelier Rise, Golders 
Green, London NWI1.  (9729)B 


prrjumctritiiniteel mnnn IRM Rianne Tlalpan anaa: 


ASSISTANTSHIPS —__ 


KING’S COLLEGE 
LONDON 
(University of London) 


DEPARTMENT OF 
BIOCHEMISTRY 


Thiol Compounds in 
Chloroplast Metabolism 


Applications are invited for a 
three-year 


POSTDOCTORAL 
RESEARCH 
ASSISTANTSHIP 


financed by the Agricultural 
Research Concil, to study the role of 
glutathione and thioredoxin in 
chloroplast metabolism with 
particular reference to protection of | 
the chloroplast against herbicides 
and oxygen radicals and to regulation 
of the Calvin cycle. 


Candidates should preferably be 
experienced in the dapat of 
enzyme purification and isolation of 
type A chloroplasts. 


Candidates who have already 
applied to the previous advertisement 
need not re-apply. 


Salary in the range £6,070 to £6,880 
plus £967 London Allowance, USS 
payable. Applications with CV and | 
names and addresses of 2 referees as 
soon as possible to Dr B Halliwell, 
Department of Biochemistry, King’s 
College London, Strand, London, 
WC2R2L5. (9733)P 


Principles and Prospects of In-Vitro Cytotoxicology — 
Professor B. Ekwall (Sweden) 


Recent Advances in the Application of Organ Culture to the 
Study of Neoplasia — Dr J.C. Petricciani (USA). 


Chairman: Dr J.W.G. Smith (NIBSC, London). 


apanami tps narar St yhtryaserans reer ivr anmai agaaa rarer rt VARA TT AN I Et ARAL TT A TERETE IA 


To be held at Cavendish Conference Centre, Duchess Mews, 
New Cavendish Street, London W1. Registration Fee £2.00 
(waived for students), Application form and full programme 
available from: The Lord Dowding Fund, 51 Harley Street, 
London W1. (9738)M 


FELLOWSHIPS 


POST DOCTORAL 
FELLOWSHIP IN 
NEUROSCIENCE 


| 

| 

| 

| An expanding multi-disciplinary research program 
concerned with the neurobiology of development 
and regeneration has several openings commenc- 
ing 1 January, 1982, and extending for two years. 
| The research areas included in the program are 
| development of visual system, axonal sprouting in 
| the cat spinal cord, behavioral correlates of re- 
| 

| 

| 

i 


covery of function, survival and death of neuron 
during development, axonal regeneration synaptic 
plasticity in the developing autonomic nervous 
system, and the development of biogenetic amines 
and receptors. Send curriculum vitae and names of 
three references to: 


DR. LEONARD L. ROSS 
Department of Anatomy 
THE MEDICAL COLLEGE 
OF PENNSYLVANIA 
3300 Henry Avenue 
Philadeiphia, PA 19129 


An Equal Opportunity Employer, M/F 
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THE UNIVERSITY 
OF LEEDS 
FACULTY OF MEDICINE 
THE EMMA AND LESLIE 
REID FELLOWSHIP 


Applications are invited for the above 
Fellowship tenable in a department of 
he Faculty of Medicine for a fixed 
seriod of up to three years for a person 
qualified to prosecute research in 
connection with diseases of the heart 
yw brain (or kindred diseases). A 
nedical qualification is not essential. 


Remuneration will be at an 
ippropriate point within the range 
78,070 — £11,900 on the clinical salary 
cale £8,070 — £14,300 or on the non- 
slinical Research and Analogous scale 
Xange IB £5,285 — £7,700 or Range 
A £6,070 — £10,575. 


Application forms and further part- 
culars may be obtained from the 
Registrar, The University, Leeds LS2 
JT, quoting reference number 
3/6/D. Closing date for applications 
' November 1981. (972E 





GIRTON COLLEGE 
CAMBRIDGE 
Applications are invited for a 
SCIENTIFIC RESEARCH 
FELLOWSHIP 


pen to graduates of any university 
nd tenable for three years from Ist 
Xctober 1982. The applications 
hould be in the field of Mathematics, 
fatural Sciences, Geography and 
Hied subjects. 


The emoluments of the fellowship 
re reviewed annually, but at present 
ey are: to a person who has not 
ompleted a PhD, £3,300 rising by two 
icrements to £3,500 pa: to a person 
‘ith a PhD £4,000 rising by two 
icrements to £4,200 pa. The fellow- 
ups are pensionable under USS. If 
1e research fellow is married, a child 
llowance of £250 pa for the first child 
made. Financial support from other 
yurces may be taken into account. 
esearch fellows will, if they wish, be 
rmitted to teach up to six hours a 
eek. Residence is provided and 
ymmons (all meals) are free. 


Applications, on a form which may 

: obtained from the Secretary to the 
ouncil, Girton College, Cambridge 
B3 OJG must be returned to her not 
ter than 15th November 1981. A 
atement of between 1,500 and 2,000 
ords, outlining the work candidates 
ould wish to submit in support of 
eir applications and the research 
ey would propose to do if elected, 
il be required at the same time as the 
plication is returned, An applicant 
r a scientific research fellowship, in 
dition, should submit a short 
sume of his/her research for an 
formed layman. 


If the applicant is short-listed 
‘/she will be asked to submit work in 
pport of the application. 


(9706)E 






Please mention 


nature 


when replying to 
these advertisements 






FELLOWSHIPS 


PRE- AND POST-DOCTORAL 
FELLOWSHIPS IN BASIC 
MEDICAL SCIENCES 


Graduate fellowships (up to $10,000 
per year) are available to qualified 
applicants who wish to pursue an 
MSc or a PhD program in the Basic 
Sciences Division of the Faculty of 
Medicine at Memorial University. 
Postdoctoral fellowships (up to 
$18,000) are also available. 


Research opportunities encom- 
passing all basic science disciplines 
are present in the Cardiovascular, 
Endocrinology and Metabolism, 
Gastroenterology, Human Genetics, 
immunology, Molecular Biology, 
and Neurosciences research groups. 


Application forms and further 
information may be obtained from: 
Dr B H Sells, Associated Dean, Basic 
Medical Sciences, Faculty of 
Medicine, memorial University of 


Newfoundland, St John’s, New- 
foundland, Canada AIR 3V6. 
(NW995)E 





THE UNIVERSITY OF 
MANCHESTER 
DEPARTMENT OF CHEMISTRY 
Applications invited for one-year 
POST-DOCTORAL 
RESEARCH FELLOWSHIP 


with Dr C D Garner on a project 
funded by Cancer Research Cam- 
paign concerned with the anti- 
tumour properties of dirhodium (IJ) 
complexes. Research experience in 
synthetic inorganic chemistry and an 
appreciation of NMR, Raman and 
other spectroscopic techniques 
advantageous. The appointment will 
be made as soon as possible. Salary 
range £6,070 — £10,575. Superan- 
nuation. 


Applicants should write as soon as 
possible, sending a curriculum vitae 
and the names of two referees to 
Dr C D Garner, Department 
of Chemistry, The University, 
Manchester M13 9PL. (9728)E 





UNIVERSITY OF KENT 
AT CANTERBURY 


POSTDOCTORAL 
RESEARCH FELLOWSHIP 
Organo-Copper Chemistry 


Applications are invited for a post- 
doctoral research fellowship which is 
supported by ICI Ltd under the Joint 
Research Scheme. The project, which 
concerns copper-assisted halogen 
activation in organic synthesis will be 
carried out in collaboration with 
Professor J A Connor and Dr R Price 
(ICI Organics Division). The 
appointment is available immediately 
for one year in the first instance. A 
suitable candidate would have 
experience of synthetic organic or 
organometallic chemistry. Salary 
range (Scale | A) £6,070 to £6,880. 


Applications with curriculum vitae 
and the names of two referees should 
be sent to Professor J A Connor, 
Chemical . Laboratory, The 
University, Canterbury, Kent CT2 
INH, from whom further 
information can be obtained. Closing 


date for applications 20 November 


1981. Please quote ref A36/81/N 
(9735)E 


























GSIRO AUSTRALIA 


Radio Research Board 


Postdoctoral Fellowship 
in Telecommunications 


General: As part of its activities designed to foster research in 
telecommunications and radio science in the universities and other 
appropriate organizations, the Radio Research Board has established 
a Fellowship scheme. Under this scheme one Fellowship may be 
awarded each year for full-time research by young scientists or 
engineers of exceptional promise and proven merit. Thase are 
postdoctoral awards tenable for a period of two years in an 
Australian university, approved research institute or industria! 
laboratory as determined by negotiation between a prospective 
Fellow and the Board. The agreed area of research will also be 
determined by negotiation but the Board is open to consider any 
proposal in the broad field of telecommunications and radio science. 

Qualifications: The applicants should have a PhD degree or its 
equivalent, and be preferably under 30 years of age. 

Radio Research Board Fellowships are available to applicants of all 
nationalities but they are asked to indicate their future plans. 

Stipend: $A20,760 per annum ~~ increased to $A22,304 per 
annum at age 28 years. Stipend is subject to income tax. 

Allowances: Payable in respect of a Fellow’s dependant spouse 
{$A500 pa) each dependant child ($A200 pa}, ‘’superannuation-like”’ 
payments (up to ten per cent of stipend}, appropriate insurance 
coverage and necessary travel expenses. Host institutions may be 
paid an allowance towards the cost of supporting the Fellow. 

Applications: Persons interested in applying for the above 
Fellowship should obtain application forms and a statement of the 
Conditions from 

The Secretary, 

Radio Research Board, 
PO Box 225, 
DICKSON ACT 2602 
AUSTRALIA 

Applications close on 13 November 1981 and in the normal course 
of events candidates may expect to be advised on the outcome of 
their applications by the end of December 1981. (S7SZ)E 





THE CALIFORNIA INSTITUTE OF TECHNOLOGY 

invites applications for the 

BANTRELL POSTDOCTORAL FELLOWSHIP PROGRAM 
IN EARTHQUAKE SEISMOLOGY 

at the Seismological Laboratory. Appointments will be made for one year $ 

with the possibility of a second year renewal. The [981-82 stipend is 322,0 

plus travel expenses. The program is limited to United States and Israeli 

citizens. 


Interested persons are asked to contact: Dr Barclay Kamb, Division of 
Geological and Planetary Sciences, California Institute of Technology, 
Pasadena, California 91125. An Equal Opportunity/ Affirmative Action 
Emplover. 


(NWOTDIE 
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EMBO 


EUROPEAN MOLECULAR BIOLOGY ORGANIZATION 


SHORT TERM FELLOWSHIPS 
in molecular biology 


The European Molecular Biology Organisation awards, to scientists working in 
Europe and Israel in the feld of molecular biology and allied disciplines, short term 
fellowships of one week up to three months duration. The fekowshins are to 
support Collaborative research between laboratories in different countries and 
provide a travel grant and subsistence allowance. Applications may be made at any 
time and are decided upon soon after the receipt of the application., 


Applications for exchanges between laboratories within any one country cannat 
be considered. 


Application forms and further details may be obtained from Or. J. Tooze, 
Executive Secretary, European Molecular Biology Organization, 69 


Heidelberg 1, Postfach 1022.40, F.R.G. (W4BRSIE 


GRANTS and SCHOLARSHIPS 


The Nuffield Foundation 


ai] Small Grants Scheme for 
| Research in Science 


The Nuffield Foundation is offering a limited number of 
grants of up to £2,500 to support research in Science and 
Applied Science. The Scheme will operate within the 
Foundation’s general policy of support for the Sciences, 
under which preference is given to basic research, with 
special emphasis on speculative and innovative research 
that may not yet be developed sufficiently to warrant 
support from the Research Councils. 









































The policy of the Trustees in awarding grants will be 
flexible, but the following are examples of the kinds of 
support that may be given: 


— grants for short working visits by scientists to 
laboratories other than their own to collaborate on 
research, to learn or to teach new techniques. 

— grants to enable outstanding undergraduates to 
participate in research during the vacations. 

— grants of up to £1,000 for working meetings of small 
groups (fewer than 20) of scientists to discuss 
research. 


The Scheme is not intended to provide funds for the 
continuation of established projects, to supplement 
existing grants, or to support activities not directly related 
to research. 


There are no closing dates. Applications will be 
considered at any time of the year and decisions 
may be made within five weeks of the date of 
application. An application form and further 
particulars may be obtained from the Nuffield 
Foundation, Nuffield Lodge, Regent's Park, 


London NW1 4RS. 


The Scheme is only open to applicants from institutions 










within the United Kingdom. (9725)H 
STUDENTSHIPS 
ANIMAL DISEASES UNIVERSITY OF 
RESEARCH ASSOCIATION NOTTINGHAM 
Moredun Research Institute DEPARTMENT OF ZOOLOGY 
AGRICULTURAL Applications are invited for a three year 
RESEARCH COUNCIL SERC CASE STUDENTSHIP 


STUDENTSHIP 


Applications are invited for a student- 
ship in the Pathology Department. 
Candidates should possess a first or 
upper second class honours degree in a 
relevant scientific subject and be able 
to take up appointment as soon as 
possible. Tax free maintenance allow- 
ance of £2,245 pa for person living 
away from home, plus fees and other 
allowances as appropriate. 


One of two projects are available (1) 
Studies on the protective role of 
gastrointestinal mucin glycoproteins 
in relation to immune mechanisms in 
the gut (with Dr H R P Miller) (2) The 
< nature of the protective response in 
< sheep against infection with Toxo- 
plasma gondii (with Dr D Buxton). 


Applications with the names of two 

=> referees should be sent to the 

Secretary, Animal Diseases Research 

Association, 408 Gilmerton Road, 

Edinburgh EH17 7JH, from whom 
further particulars may be obtained. 
(9710)F 


Typesetting: J.W. Arrowsmith Ltd, Bristol and Outline Graphics Ltd. London ECA. 
Godfrey Lang Ltd, London WCIR 4EB and The W 


iliam Byrd Press Inc., Richmond 


in collaboration with the Central 
Electricity Board. Candidates should 
have a Ist or 2nd Honours Degree in 
Zoology or related discipline. 


The project involves a study of the 
combined effects of aluminium and 
acid waters on salt and water balance 
in trout. 

Applications including the names 
of two referees should be sent to Dr 
R Morris, Department of Zoology, 
University of Nottingham, Nottingham 
NG72RD. (9702)F 


EAST MALLING 
RESEARCH STATION 
Applications are invited from 
candidates with a good Honours 
degree in Botany, Horticultural 
Science or a related discipline for a 
3-year post graduate studentship 
concerned with the study of the 
development of russetting in apples. 
Further details and application 
form from The Secretary, East 
Malling Research Station, Maidstone, 
Kent MEI96BJ. (9703)F 
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FEBS ADVANCED COURSES 


No.82/03. "Membrane Biochemistry: Transport and Bioenergetics” 
Zürich, Switzerland, 22 March-3 April 1982 


| A course of lectures and laboratory sessions, organized by E. Carafoli and G. 

'  Semenza, for 30-35 young scientists. Topics: Molecular architecture and chemical 
composition of biological membranes; Modern chemical and physical methods for 
the study of membranes; Theory of passive diffusion and active transport of 
solutes across membranes: Transport of ions across the membranes of 
erythrocytes, brush border and basolateral vesicles, sarcoplasmic reticulum, 
mitochondria, bacteria, Golgi vesicles and lysosomes. The transport of electrons 
and the synthesis of ATP in energy-transducing membranes will be considered in 
detail. Sections of the course will deal with the isolation of carrier proteins from 
several membrane systems, and with the mechanisms for the regulation of 
membrane-linked processes. Registration fee: SFr. 200. Further info and 
application forms {to be returned before 15 November 1981): Prof. E. Carafoli or 
Prof. G. Semenza, Laboratorium für Biochemie der ETH Zurich, Universitatstr. 16, 
8092 Zürich, Switzerland. 


No.82/01. “Biomolecular Electron Microscopy (BIOMOLEM 1982)" 
Ulim, FRG, 25 March-3 April 1982 


The course, organized by A. K. Kleinschmidt and G. Klotz, willbe conducted at an 
advanced level covering selected methods of biomolecular electron microscopy. it 
will include specialized lectures, with short communications by participants, and 
lectures on general topics. Laboratory practical sessions will be on topics of the 
participant's choice, and will include electron microscopy of nucleic acids, protein 
and nucleoproteins, membranes and lipoproteins, and molecular studies in 
biological supraorganization, Course fee, including accommodation and meals: 
OM 600. Further info and application forms {to be returned by 1 February 1982): 
Dr. G. Klotz, Microbiology Department, University of Uim, 0-7900 Ulm, Postfach 
4066, FRG. (9663}C 
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NRC RESEARCH 
ASSOCIATESHIP 


AWARDS 


Competitive awards to recent doctoral grad- 
uates and experienced senior investigators— 
free of interruptions and distractions of other 
duties—as visiting scientists in selected federal 
laboratories throughout the United States. 
Over 200 new awards offered by the National 
Research Council. Opportunity for specialized 
experience in experimental or theoretical re- 
search in fields of: 


ATMOSPHERIC & EARTH SCIENCES 
ENGINEERING ® LIFE SCIENCES 
PHYSICS è CHEMISTRY 
ENVIRONMENTAL SCIENCES 
MATHEMATICS + SPACE SCIENCES 


Most of the 18 programs are open to non-US. 
nationals, and most are open to senior investi- 
gators as well as recent PhDs. 

Application materials with details on re- 
search opportunities and laboratory locations 
are available from: 


Associateship Office (JH 610-A5) 
NATIONAL RESEARCH COUNCIL 
2101 Constitution Avenue, N.W. 


Washington, D.C. 20418 
Postmark deadline for applications: 


January 15. {NW988)N. 
tional 


“Res arth ouncil 
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LEADING UK MANUFACTURERS OF 


Ta The SCORAH Automatic Electric 
all glass WATER STILL (patented) 


Automatic Can be left on witħout attention. Heater 
current cuts off if water supply is interrupted, or 
inadequate or forgotten. When receiver (5 litres 
capacity) is full, current cuts off When distilled water is 
drawn from receiver, the still resumes operation unti) 
receiver is refilled. 

















Purity Electrostatically charged condenser droplets can 
pick up fumes, dust and air-borne organisms from the 
laboratory atmosphere. The design of the receiver vessel 
ensures absence of such contamination. 


Efficiency Heater of Scorah design and manufacture, 
consumption 1,700 watts, outpu’ 2.4 litres per hour (the 
full theoretical yield). Cost less than 2p per gallon at Yap 
per unit. 


Safety The heating element is eut of contact with the 
feed water, thus eliminating danger from “live” water 
supply or electrolytic effects of “burn out”. 


Assembly No retort stands cf clamps are required 
The 2¥2-in. diameter ball joint gives a stainless 
set-up. Outlet cap on boiler for quick periodical 

\ drain-off of sediment. The still may be installed on a 
shelf or platform about 1 ft. above bench level near a 
sink and enclosed in a transparent plastic cover to 
keep out dust. 


| Heat-resisting glass. Interchangeable ground glass 
' joints, 
Circle No.28 on Reader Enquiry Card. 


poly-vessels 


These expanded polystyrene 
vessels are used in laboratories 
and industry for carrying liquid i 
Nitrogen and Dry-Ice. The P.97 | | 316" DIA ST/STEEL 
size can be used for carrying | tf HANOLE 
“Winchester bottles of chemi- — we 

cals safely. Supplied with or 
without carrying handles and 
lids. 

Circle No. 62 on 

on Reader Enquiry Card. 
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uoto 7 
HAVE VENT HOLE LID TO HAVE 





Ref. No. P.97 Capacity 4% Litres Ref. No. P.112 Capacity 2 Litres 


Wingent Itd 115-117 Cambridge Road, Milton, Cambridge 
Telephone Cambridge (0223) 53045/61768 
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ilson and gradient HPLC—we have the system for you. 
Our Systems 41 and 42 offer the utmost in flexibility at an 
affordable price. 


System 41 features two Model 302 Pumps, variable wavelength 
: = detector, dynamic mixing chamber, pressure module, injection 
<% EAE valve, and the NEW, versatile System 11 controller. The System 
z -11 with gradient program disk allows entry of any gradient profile 


with subsequent storage for future use. And your system is expandable simply 

by adding new software. 

Our systems are supplied complete for most applications and are easy to set up 
and maintain. Gilson's modular concept using quality components offers the best 
price/performance today. 

For more information on Gilson Gradient and Isocratic HPLC Systems, contact 
our qualified representative or circle the reader service number below. 


A 
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GILSON 


INTERNATIONAL 


Gilson Medical Electronics 

Box 27 « Middleton « WI 53562 « U.S.A. « Telephone (608) 836-1551 

Gilson Medical Electronics (France) S.A. 

B.P No. 45, 95400 « Villiers-le-Bel, France * Telephone 990.54.41 

When the warranty runs out on your Gilson. Gilson won't run out on you. 


Circle No.19 on Reader Enquiry Card. 
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The most highly advanced concept in medical and 
scientific building has now evolved. MSS Imago. | 

A pre-engineered building system that offers a financially 
attractive ‘one signature proposition in terms of both capital a 
revenue costs. 
Consisting ofa range of 100 standard structures, the 
Imago system can be quickly and inexpensively adapted to su 
any site configuration, any end use and any standards requirec 

Unlike traditional building, the Imago method also ensur 
rapid completion with a minimum of site disturbance. In fact, 
over 7500 square feet of building can be sited and sealed in jus 
one day. And, because Imago can be completely fitted out in t 
MSS factory prior to site location, your building can be 

nenocteod and tested peiore delvely. 








tion Y Pleas 





send me 
| MSS Imag 
‘ Information pi 
The result of years of development through long-term g 
nvolvement with leading medical and scientific ae 
brsanisations, Imago is quicker, far more flexible and I Fosition 






A Company, Authority, Practice 










equires considerably less maintenance than any 

ther known building method of comparable —_— 

sophistication. ery Bi 
For those seeking to keep one step ahead F: 

Í the increasingly high standards that 


iios 


Post this coupon in an envelope without a stamp 


eE EE AA A AeIE MSS. Freepost, manaa Kent ME10 2BR 


> 
T ~) 






suitable methods of building are limited. 4 i 
O one logical choice. 
MSS Imago, naturally. y 


ledical & Scientific Structures Ltd., J 
ibune Drive, Sittingbourne, Kent ME10 2PS, England. 
>|; sen. Spee 0795) 7735Ł. Telex: 96342 MASS G. 


e No.14 on Reader Enquiry Card A 


F 









-4 


<A 









Building by Evolution 


AA 


Research & Development 

if like! 
you like! 
Mid Wales offers research and Find out more about living and 

development people an environment working in the glorious countryside of 


which is clean, quiet and beautiful. In Mid Wales — it’s so perfect for research 
Mid Wales you'll find leading university and development.For more information 











facilities, you'll have rapid access to please fill in the coupon. 

motorways and inter-city rail links — es ee eee ee ae iting 
and you'll find business prospering. i To: Development Board for Rural Wales, ' 

The Development Board for Rural Freepost, Newtown, Powys, SY16 1JB. 

Wales is here to help your business ! " i 
prosper too. We can offer a choice of i sisi nine ee He gs Oa ia i 
sites for you to build your own į Company : 
research centre or we can build it for ' Address 

you. We will put together an if 
exceptionally attractive package of i i 


incentives for establishment in Mid E eruera EE E a n 


taena  °%Development Boar 
DMs for Rural Wales 
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Origin 


tRNAPTS = = 


XC 


Figure 4. Purified 5° [5*P] 
~fRNA (0.4 ug; 4 x 10° DPMing) 
was incubated a second 
time in the presence {track B) 
or absence ftrack A} of 10 
units of BRL® Tá Polynucleo- 
tide Kinase for 30 minutes at 
37°C in reaction buffer (25u; 
50mM Tris HCI pH 9.0, 1GmM 
MgCl, 10 mM DTT, imM 
spermine). The incubation 
was terminated by the addi- 
tion of 25 pi of 40 M ureai2mM 
EDTA, 0.05% of xylene cyano! 
{XC}, and bromphenol blue 
(BPB). After heating the mix- 
ture to 90°C for one minute 
and quenching on ice, on 
aliquot (10 pi} was analyzed 
in a 10% acrylamide gel but- 
fered with 100mM Tris-borate 
(pH 8.3), 83 M urea, and 
2mM EDTA. On completion of 
electrophoresis fat §0-60°C) 
the gel was exposed to X-ray 
flim overnight at -20°C. 


FOR DNA AND RNA END 


fRNAP*® 
[yP] - ATP 


v 
5/ [2P] - IRNAPe 


+4. 
ADP 






T4 Polynucleotide Kinase from BRL is subjected to the most 
stringent quality control assays of any commercial supplier. 
BRL® 14 Polynucleotide Kinase is assayed for both: 

* deoxyribonucieases, and 

e ribonucieases 


However, the most convincing evidence of BRL® 14 Poly- 
nucleotide Kinase quality comes from its daily successful per- 
formance in the DNA and RNA sequencing reactions carried 
out in the BRL laboratories. 


Indeed, RNA sequencing reactions demand the highest level 
of freedom from interfering ribonucleases. BRL® 14 Poly- 
nucleotide Kinase meets this level of quality, as shown in the 
following experiments: 


* BRL® T4 Polynucleotide Kinase caused no detectable 
degradation of 5'[°?P] -fRNA®" during a second 
extended incubation under non-exchange conditions 
(Figure 4). 

e Ribonuclease T4 (G specific) digestion of BRL® 14 Poly- 
nucleotide Kinase labeled tRNAP"® showed the 
sequencing ladder predicted from the literature‘. No 
secondary bands due to contaminating ribonucieases 
in either the T4 polynucleotide kinase or ribonuciease 14 
enzymes were detected. 


References: 


4. Rajbhandary, U. L. and Chang, $. H. (4968) J. Biol Chem. 243: 598. 
2. Wurst. R, Maxam, A., and Vournakis, J. (1978) Biochem. 17: 4493. 
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Product BRLNo. Size Quantity Price | 
BRL T4 | 
| Polynucieotide 8004SA 100 units each $ 55.00 | 

Kinase 8004SB 500units each 240.00 | 





Technical Questions: BRL welcomes all questions concern- 
ing the performance of BRL® 14 Polynucleotide Kinase. 
Please call the Technical Services Department at (800) 


638-4045. 
Bethesda Research Laboratories, inc. BRL GmbH 
Customer Service Department Offenbacher Strasse 113 
Toll Free: (800) 638-8992 6078 Neu isenburg 
in Maryland: (304) 840-8000 West Germany 


P.O. Box 577 Gaithersburg, MD 20760 Telephone: 06402/3206 
Telex: 908750 BRL GARG Telex: 447699 BRL NID 


For more information, circle No. 01 on the Reader Inquiry Card. 
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nucleotides 


Figure 2. 5’ C?P J-IRNAP™e {0.5 
ug; 2x10% DPMiug) in reac- 
tion buffer (Sul; 25 mM 
sodium citrate pH 5.0, 6.5 M 
urea, 0.05% XC, and BPB) 
was digested with BRL® 
RNAse T4 (2 untts—track A; 0 
units track B} for 45 minutes 
at 55°C. The reaction mixture 
was then heated to 90°C for 
one minute. chilled on ice, 
and analyzed in a 10% 
acrylamide gel as des- 
cribed in figure 1. Noted 
above are cleavage posi- 
tions from the 5° end of 
TRNAPHE, 
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Amersham’s products designed and tested for the faithful translation of your mRNA include 
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+mRNA 


wo 


*S-protein, dpm X 105/yl 


Figure 1 

2 Time course for 
L-[™S}) methionine using 
TMV.RNA and N.90 





-MRNA 
® D wo g% 


5 10 15 20 30 40 50 60 70 80 90 
Incubation time (mins) 
Rabbit reticulocyte lysate N.90 
-simple and rapid protocol 
-very low “no-message’ blanks 
Up to 30 times more label incorporated 
with added mRNA 


“Cold” amino acid mixtures 


N.150 
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H-protein, dpm X 10°/ 1 
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Figure 2 

ay Dose response curves for 
L-[2,3,4,5-9H] proline 
using N.90 and N.150 





5 1-0 15 2 £) 
Radioactive concentration in incubation mixture (mCi/ml) 
Rabbit reticulocyte lysate, amino 
acid-depleted N.150 
-high incorporation of all amino acids, 
especially those with large endogenous 
pool size in unfractionated lysate 


-contain 19 of the 20 essential amino acids to save you time when preparing high specific 


activity proteins 


A useful and informative monograph on cell-free protein synthesis systems is available free 


on request. 


Amersham International Limited, Amersham, England Telephone 024 04-4444 


in the U.S.A. and Canada, Amersham Corporation, Illinois 60005 Telephone 312-364-7100 


and 800-323-9750 (Tollfree) 


in W. Germany, Amersham Buchler GmbH & Co KG, Braunschweig Telephone 05307-4691 
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How does a 
balance pay for 
itself? 


If you really want 
to know, you'll 
need a Mettler 
PC balance. 


The more versatile a balance is, 
the more unanimous the opinion 
that it was worth the price. And as 
for versatility, the opinion is also 
fairly unanimous that Mettler PC 
balances cannot be faulted. 

This is only part of the truth. Be- 
cause if a Mettler PC balance is 
hooked up to a GC301 attach- 
ment, it excels itself. It is even 
faster and more positive when 
dealing with tedious routine jobs. , 
For instance analysing weight 
changes in percent or grams, say 
in moisture content determina- 
tions. Or obtaining net totals, as 
when making up recipies. Or stor- 
ing reference weights for serial 
weighings. Or counting small parts 
and pieces. 

For each of these jobs there is 
a special application key that you 
simply slide into the GC301 
attachment, which is the size of a 
pocket calculator. Then you have 
only to operate 2 (two) keys. 

if you really want to know more 
about our PC balances, their ver- 
satility, and their attachments; if 
you want to learn why we are one 
of the major manufacturers of ana- 
lytical and precision balances 
world-wide, we have an idea: ask 
for a demonstration. It will pay off. 


Mettler Instrumente AG 
CH-8606 Greifensee, Switzerland 
Tel. 01/941 22 41, Telex 54592 
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New packaging, new sensitivity, — 
new binding affinity... 
Or just downright new. 





New for i i 
Neurofunctional Mapping 


Aqueous packaging for added convenience 


More efficient labeling than 2-deoxy-D-glucose 
2F-DG has been shown to be transported more rap- 
idly into brain cells, and more slowly removed than 
2-DG. Thus it builds up to higher concentration in the 
cell, making more efficient use of label than 2-DG. 


Establish metabolic similarities between 2F-DG and 
2-DG 


Deoxy-2-fluoro-D-glucose,2-[14C(U)]- 
300-600mCi/mmol 

NEC-757 Ethanol:water, 9:1 
NEC-757A Sterile aqueous solution 
50uCi 250uCi 1mCi 
Deoxy-2-fluoro-D-glucose,2-[5,6-3H]- 
25-50Ci/mmol Sterile aqueous solution 
NET-702 250uCi 1mCi 5mCi 
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NEWEST 
Protease Substrates 


Improved assay sensitivity: Reaction volumes of 
<25yl conserve substrate and enzyme 


Low background, ease of assay: Labeled Cleavage 
product is preferentially soluble in organic solvents 


Benzoyl-L-prolyl-L-phenylalanyl-L-arginyl-anilide, 

laniline-'4C(U)]- Plasma and glandular kallikrein 

substrate NEC-758 

Benzyloxycarbonyl-glycyl-L-prolyl-L-arginyl-anilide, 

heli al Thrombin and plasmin substrate 
-774 


Toluene- sulfonyl-L-arginine methyl ester, p- 
[methy/-3H]- (TAME) Broad spectrum substrate for 
serine (trypsin-like) proteases. Highest specific activity 
available NET-717 

Benzoyl-L-arginine ethyl ester hydrochloride, a-N- 
l[ethy/-2-3H]- Broad spectrum substrate used to 
measure human thrombin, enterokinase, trypsin, 

and acrosine NET-718 

Also: 

Casein, [methy/-'4C|-methylated NEC-735 
Collagen, [°H]-(Rat Type!) NET-660 

Collagen, | methy/-'4C |-methylated 

(non fibril forming) NEC-729 

Methemoglobin, [methy/-'4C |-methylated NEC-728 
Protein, ['*C(U)]-(E. coli) NEC-737 
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Avidin-EGF-Gelatin 

High biotin binding affinity 

Avidin,| '*°| |- 

30-60uCi/ ug 

Shipped frozen in 0.05M sodium phosphate buffer 
(DH 7.4) 

NEX-164 10uCi 2x10uCi 5OuCi 2x50uCi 


Tested for binding and displacement in RIA 
Epidermal growth factor,| '*] |- 

150-200uCi/ug 

Lyophilized from sodium phosphate buffer (pH 7.4) 
NEX-160 10uCi 2x10uCi 50uCi 2x50uCi 


High fibronectin binding affinity 

Gelatin, °°! |- (porcine) 

5-10uCi/ug 

Lyophilized from sodium phosphate buffer (pH 7.4) 
NEX-156 100uCi 500uCi 
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Latest Neuropeptides | '*°I) 


Adrenocorticotropic hormone,| '°||- (human)(ACTH) 
>30uCi/ug 

Lyophilized from phosphate buffer (pH 3.5) containing 
a Stabilizer and proteolytic enzyme inhibitor 

NEX-165 10uCi 2x10uCi 50uCi 2x50uCi 
Substance P (8-L-tyrosine),| '?°) |- 

>500uCi/ug 

Lyophilized from sodium carbonate (pH 9.9) containing 
bovine serum albumin 

NEX-152 104Ci 2x10uCi 50uCi 2x50puCi 
Bradykinin (8-tyrosine)-triacetate, | 8-!yrosy/- '| }- 
>500uCi/ug 

Lyophilized from 0.075M ammonium acetate buffer 
(DH 5.0) 

NEX-097 10uCi 2x10uCi 50uCi 2x50uCi 
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Not for use in humans or clinical diagnosis 





New England Nuclear 


® 549 Albany Street, Boston, Massachusetts 02118 
Call toll-free: 800-225-1572 Telex: 94-0996 
(In Massachusetts and Internationa! 617-482-9595) 


In Europe: NEN Chemicals GmbH, D-6072 Dreieich, W Germany 
Postfach 401240, Tel. (06103) 85034, Telex 4-17993 NEN D 

NEN Canada: 2453 46th Avenue, Lachine, Que. H8T 3C9 

Tel. 514-636-4971, Telex 05-821808 
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‘Time and money are the most head of our laboratory is pleased wee Penny Bootie Lanvum _ 
, . . hotographed with Stereomicroscope WIL 
important things for the head of | not only with the small amount M5 APO and photoautomat WILD MPS 55/51, | 























our laboratory. It was therefore of film we use and the speed with | Transmitted light, bright field 
| obvious that sooner or later he which the photographs are pro- TL 
would want to make potomicro- | duced. He also spends more time | 
graphy more efficient, too. He | looking at the pictures. The cla- 
was right in not wanting to let rity and color fidelity of the new 
photomicrography continue to photographs impress him. And | 
| bea matter of chance. He decid- | can concentrate fully on the best 
| ed to buy a Photoautomat, the excerpt to photograph and on 
Wild MPS55, and that was a moving the finest detail into the | 
good thing. Itwas a good thing | best possible light. The auto- 
for me, too. Because, now, the matic system does the rest when 


| press the button. And that 
pleases me, too!’ 





























WILD MPS 55/51 with LEITZ DIALUX 20 EB | 


PS: All Wild camera systems are suitable for all 

Wild stereomicroscopes and Leitz microscopes 
They can also be used with other makes of 

| instruments. Ask for your documentation. 


M a <i. Es 
HEERBRUGG 


Yes, | am interested in this photoautomat 
WILD MPS 55/51. 
Send your documentation to 


Name $ Gn 


Company 


Address 








( Send to: Wild Heerbrugg Ltd 
V CH -9435 Heerbrugg, Switzerland 
J b or to your Wild representative 
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PUT THE P-1 PUMP 
IN YOUR LAB... 


. on the bench or hang it from a ring stand or scaffolding. 


No matter where you put it, this peristaltic pump fits neatly into 
your chromatography system. 


Connect it to your column. 
Interface it with your fractic $e collector. 
Hook it up to a cont rolle 


No matter how you use ut, the F -1 " Pum : ies als ive 
liquids MES 6 io, 00 ml/hr. Use it with alm 
ly Je. it by select 

ra x * ae Ex as ' 


4 
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t 7 









w/iable flow of 
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For full details and specifications on the P- Pump, contact 
your Pharmacia Fine Chemicals representative today. 





Pharmacia Fine Chemicals AB . 

Box 175 Pharmacia 
S-75104 Uppsala 1 . : 
Sweden Fine Chemicals 
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The first tissue culture media sterilizable by autoclave 
-An Important Innovation by NISSUI, JAPAN 





10 years have passed since NISSUI successfully developed to NISSULs powdered Tissue Culture Media Steri- 
get the patents of powdered tissue culture media in Japan which . ad 

5 € - im Oclave b vs 

can be directly sterilized by autoclave. lizable by Autoclave include 


NISSUI’s most advanced tissue culture media offer you a e EAGLE MEM 
convenient procedure for a large quantity to be autoclaved at = 
once without destroying or inhibiting its supporting function è RPMI 1640 MEDIUM(2 
for cell growth. NISSUI’s media just meet today’s needs such as è EAGLE BME 
in interferon research. 

NISSUI, a pioneer of tissue culture, is working on further @ DULBECCO'S MODIFIED 
for important innovation. EAGLE MEDIUM (2) 


™ 
{e> NISSUI SEIYAKU 


For further details of autoclave sterilizable tissue culture media, please write to; 
NISSUI TISSUE CULTURE MEDIUM DIVISION 2-5-11 KOMAGOME, TOSHIMA-KU, TOKYO 170 JAPAN TEL (03) 918-8166 TELEX27 22341NS YAKU 
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IgGsorb adds a GEE” to IgG. 


As if IgG didn't have — G's, ) sponse, too. It has long storage life. It 
there's now a third: the “Gee” we hear serves a multitude of applications; in 
from labs when they deer IgGsorb 4 some cases it can replace charcoal, 




































roduces results in just minutes, not double antibody, and other cum- 
OUTS. bersome methods of separation. 
IgGsorb is an IgG adsorb- And its homogeneity can be 
ing agent that removes anti- assured. . 
body and antibody-com- Plus, there’s news. 






IgGsorb is now available 


lexed antigen from solution 
7 R in liquid form as well as dry. 


in 15 minutes or less! Highly 





















ace, a mS 
ion of the IgG anti 
i isa Nophilzed preparation a shave your waiting time. 
of Protein A fixed to the cell ik F 3 Order a 10ml vial for just 
walls of inactivated Staphylo- {È 2 ; ps Or a 100ml one for 
coccus aureus. .00. 

IgGsorb has more “Gee's” > ; 2 What else could make 
than simply fast re- TS |e better sense? 
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33 Harrison Avenue, Boston, MA 02111, Phone: (617) 482-7123 
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AN 
EXPERIMENT 
WITH TIME 


J. W. DUNNE 


“J. W. Dunne’s predictive dreams, and his 
explanation within the time concepts of 
modern physics, are as fascinating today as 
they were when first published half a century 
ago.” Sir Bernard Lovell 





“Few works of non-fiction . . . have attracted so 
large and diverse a readership . . . few are 
remembered today with such affection; and few 


have been so influential . . .” Brian Inglis Supply’ ing Human 

In 1927 J. W. Dunne published a book which was to Leukocy te Interferon for 
inspire and excite generations of readers intrigued by y 

that most fascinating paradox — Time. His speculations clinical tests and 

and conclusions are as fascinating and thought- research. 

provoking today as they were when first published. 

Now available in paperback at £3.50 2900-7 2nd Street North 


St. Petersburg, Florida 33710 
À. wwe (813) 345-937] 
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An International Journal 
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Human. Toxicology 
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Aims and Scope 

Toxicology is the study of the reactions, both adverse and compensatory, of 
living creatures to noxious materials. The hazards to which man is 
exposed and the manner in which he reacts to them from the moment of 
conception and thereafter throughout life is the subject of Human 
Toxicology. This new journal embraces both animal research, where it has 
a direct significance for man, and studies on man himself. These studies 
may be biochemical, physiological, pathological, clinical and 
epidemiological but will all be designed to increase our understanding of 
the action of noxious substances in the body and of means to counter their 
effects. All papers will be subject to peer review. 


CONTENTS 
VOLUME ONE NUMBER ONE 


Editorial 


A Message from the Chairman of the Editorial Board — Professor Roy 
Goulding. 

Human Toxicology: Major Issues Illustrated in the First Issue — Professor Paul 
Turner. 


Papers 
Analgesic Poisoning: a Multi-centre, Prospective Survey — National Poisons 
Information Service Monitoring Group. 
Haemoperfusion in “Late” Paracetamol Poisoning — M. Helliwell, A. Vale 
and R. Goulding. 
Agent Orange Toxicity: a Quantitative Perspective — Kingsley M. Stevens. 
Respiratory Tract Reactions to Western Red Cedar — A. D. Blainey, V. A. L. 
Graham, M. J. Phillips and R. J Davis. 
Acute Studies to Investigate the Mechanism of Action of Caffeine as a 
Teratogen in Mice — M. M. A. Elmazar, Patricia R. McElhatton and F. M. 
Sullivan. 
Severe Renal Failure in Hydralazine-Induced Lupus — A. J. Sinclair and S. J. 
Warrington. | 
Renal Failure Complicating Feprazone Treatment — Colin Robertson, Sheila 
Innes and James Paton. 


Book Reviews 


or to: Human Toxicology, Nature Suite 1503, 15 East 26th Street. 
New York. NY 10010 USA. 


[] Please send me a sample copy of Human Toxicology 


Subscription rates: UK £40 per volume. USA $95 per volume. 


C] Please enter my subscription for Volume 1 of Human Toxicology | 
R.O.W. £45.00 per volume 


| Published in 4 issues per volume. 
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REALLY 
LD50 TEST? 


The LD50 test represents the lethal dose necessary 
to kill 50% of the animals used. It is an acute 
toxicity test, of which 484,849 were carried out in 
Great Britain? during 1980. Originally introduced 
in 1927, it is now widely employed and forms part of 
every new drug’s “legal check list”. It is also used to 
test cosmetics, pesticides, food additives and 
household products. 


IS THE TEST OF REAL VALUE? 


“An LD5o does not give direct indication of 
the acute (short term) toxicity of a compound, 
but only of its lethal potential”. (Chemical 
adustry Safety and Health Council®). 


For the recognition of the 
syntptomatology of acute poisoning in man 
and EOE ec” of the human lethal 
dose, the LDs0 in ais is of very little 
value”. (Zbinden and Flury-Roversi’). 


“For the selection of doses to be used in 
subacute and chronic toxicity experiments the 
LD5o test does not provide consistent and 
reliable results”. (Zbinden and 
Flury-Roversi”"), 


Whilst there seems little scientific 
justification for the test, there is no doubt, as a 
recent Government Committee 
acknowledged", that “LDsos must cause 
appreciable pain to a proportion of the 
animals subjected to them”. 


More sophisticated, reliable and humane 
systems are therefore urgently required if toxicology 
is to emerge from the scientific dark ages. 







References: 
I Statistics of experiments on living animals, Great Britain 19080 (HMSO). 
2 Chemical Industries Association news release, 1977. 
3 Arch. Toxicol., 1981, 47, 77-99. 
4 Report on the LDso Test, advisory ( ommittee in the Cruelty to Animals 


Act 1876 (Home Office, 1979 





The National Anti-Vivisection Society Ltd 
51 Harley Street, London, W1 
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INTERNATIONAL 
MORTALITY STATISTICS 


Michael Alderson, Professor of Epidemiology at the Institute of Cancer Research 


For the first time ever, 20th century mortality statistics are now available in a 
single volume, working with a common statistical base and a common set 

of premises. 

405 pages of clearly laid-out tables present mortality statistics for 32 countries, 
25 of them European. They are tabulated by sex, five-year periods from 1901 
to 1975, 178 causes of death, and country. 


Six introductory chapters give full explanations 
of the statistical method used, the validity of the 
data, and alignment of the international 
classification of diseases. This enables you to 
make your own evaluations and comparisons 
using the data, rather than providing a textual 3 
interpretation of the tables. Mortal ity 


If you want to examine long-term mortality Sta tistics 
trends in one country, or to compare patterns in MICHAEL ALDERS\ 

. > : r N 
different countries, this book is your essential 
reference. 


International 


The European countries examined are: 

Austria, Belgium, Bulgaria, Czechoslovakia, 
Denmark, England and Wales, Finland, France, 
Greece, Hungary, Iceland, Ireland, Italy, 
Luxembourg, Netherlands, Northern Ireland, 
Norway, Poland, Portugal, Romania, Scotland, 
Spain, Sweden, Switzerland and Yugoslavia. 
Outside Europe data are presented for the USA, 
Canada, Japan, Australia, New Zealand, Chile 
and Turkey. 


£45.00 512pp 276x219mm 033323969 5 


THE HAZARD FROM 
DANGEROUS 
EXOTIC DISEASES 


John C. N. Westwood, Professor and Chairman of Microbiology and 
Immunology, University of Ottawa. 


This book analyses the epidemic hazards of lethal and highly infectious exotic 
diseases to the very susceptible communities of the developed world. 





Professor John Westwood, one of the foremost authorities on infection control, 
assesses the nature and scale of the problem, and gives a detailed examination 
of six diseases which pose the greatest threat — Lassa, Marburg, Ebola and 

Yellow Fevers, Plague and Smallpox. 





He outlines an appropriate level of response to 
ensure adequate control and containment, 
both in the community and in hospitals. 


‘...a thoughtful and well-written book. As 
might be expected from a former director of 
virus research at the Microbiological 
Research Establishment at Porton Down, the 
description of the diseases and their causative 
agents is clear and accurate’ 

- British Medical Journal 


'. ,. most warmly recommended ... 
Westwood has made a valuable contribution’ 
— The Lancet 


December 1980 £17.50 220pp 216 x 138mm 0 333 28360 0 
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Monetarism, mayhem and research 


budget cut. But things are even worse elsewhere, especially in the United Kingdom. 


There is an uncanny parallel between the plight of the scientific 
communities in the United States and the United Kingdom. Each 
of them, in the past few months, has had a nasty shock as a direct 
consequence of the monetary policies followed by the 
governments in Washington and London, Each of them is faced 
with the nasty prospect that worthwhile projects will have to be 
abandoned for no better reason than that they are 
administratively the easiest to dispense with. 

The transition from grudging contentment to despair has been 
the more abrupt in the United States. The second (or is it the 
third?) Reagan budget made public on 24 September included 
(apart from a modest $2,000 million reduction of the much 
increased military budget) a twelve per cent cut of all discretionary 
public expenditure — the standard euphemism for the funds that 
the Administration is not by law required to spend. (The space 
administration is half-exempt, and required to cut by only six per 
cent.) The obvious difficulty is that because the reduction of 
public expenditure is to take effect during the financial year that 
began on | October, and before Congress has had time to weigh 
up the detailed plans of the federal agencies, research managers 
are already hard at work preparing to fire people from jobs 
previously thought to be secure. The immediate victims will be 
employees of the national laboratories. A few months from now, 
the chief casualties will be applicants for grants from federal 
agencies such as the National Science Foundation and the 
National Institutes of Health. The new and energetic president of 
the National Academy of Sciences, Dr Frank Press, has called a 
meeting next week in Washington at which he hopes it will be 
possible for the scientific community to convince government 
officials that the arbitrariness and the abruptness of what is now 
being done is a disservice not only to the scientific community but 
to the United States as a whole. He should not be surprised if the 
response is an echo of what British officials say when similarly 
challenged — science (or education) must shoulder an equal share 
of misery with other publicly supported activities, and in any case 
the goal of balancing the budget (or at least reducing the expected 
aeficit) is paramount to other considerations. 

In Britain, the consequences of monetarism — and of the 
government’s animus against higher education — have been most 
immediately apparent in the universities. The University Grants 
Committee, the unwilling (but unprotesting) agent of government 
policy, has distributed budget reductions among British 
universities in such a way that none will be unharmed but that 
none will be literally forced out of business. The complaints, last 
July, that the grants committee’s unspoken criteria were arbitrary 
is probably unfair; but the consequences of its recommendations 


-have required arbitrary reactions of most universities. The 


standard procedure seems to be that a university will first look for 
economies that might be made by inviting those within ten years 
of retirement to go earlier (on the favourable terms the Inland 


Revenue permits), then to take advantage of the posts that will be 


vacated in the next three years (when the grants committee’s 
targets for student numbers are expected to apply in full rigour) 
and only then to set about reducing staff numbers by compulsory 
redundancy. The result is that the pattern of teaching and of 
research is being decided not deliberately but by the personal 
inclinations of individual academics, the elderly and those most 
easily employable elsewhere. No wonder that the British research 


councils are alarmed that the pattern of university research in‘ 
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Britain is being undermined, with too little talent (and money) 
spread too thinly. The next worry (to which the research councils 
should quickly turn their minds) is the near-certainty that in the 
weeks ahead, when the government's budget for 1982-83 is being 
hatched, the British Treasury will argue that the direct subvention 
of academic research should itself be cut. For if university 
activities have been cut back, does it not stand to reason that they 
need less research support? 

On balance, the British research enterprise is the most seriously 
threatened. The direct effect of the twelve per cent edict on the 
budgets of the exclusively grant-making agencies (principally the 
National Science Foundation and the National Institutes of 
Health) would in ordinary circumstances be supportable. The 
direct effect will largely be determined by the extent fo which the 
National! Institutes of Health choose to balance the budget 
reductions between their in-house activities and their support of 
research elsewhere — a choice made all the more difficult by the 
continuing lack of a director to succeed Dr Donald Frederickson. 
In practice, however, the chief anxiety is that agencies such as the 
Departments of Energy and Defense, to which the support of 
extramural research is literally peripheral, may decide to take a 
disproportionate share of the economies required of them from 
research. Dr Press and his colleagues should not be too proud, 
next week, to plead for leniency from the mission-oriented 
agencies. But they must also, of course, do something to establish 
their chief point that good research enterprises cannot be turned 
off and on, like water from a tap. To pretend otherwise is to 
ignore the dependence of creative research on continuing support 
for productive people. Stop-go monetarism, serious enough in 
any enterprise, is especially damaging in enterprises in which 
continuity is all-important. Is the Administration prepared 
recklessly to squander a cohort of scientists on the thresholds of 
their careers for the sake of the respite their salaries and expenses 
will bring the Federal Research Board? 

The comparable problem in Britain is less easily handled 
because the framework on which the budget cuts have fallen is less 
flexible. The universities, supported almost entirely by funds 
from central government, are no longer able always to function as 
equal partners in what is called the dual-support system -— the 
convention that the universities provide research laboratories and 
the salaries of the principal investigators, while the research 
councils provide technical assistance, major items of equipment 
and small change. The most cruel feature of the arrangements. 
decreed last July by the University Grants Committee is that some 
universities are left with funds with which to play their part, 
others have been cut back below the poverty line, but none of the 
parties to these implicit bargains has been told which university is. 
in which class. The research councils are in the circumstances 
understandably alarmed that the universities decreed (by their 
recurrent budgets) to be those that cannot in future afford 
research will do their best to stay in the rat-race, spreading 
resources more thinly in the process. The research councils are 
understandably for more explicitly selective policies by the 
University Grants Committee towards the universities, but they 
have not yet accepted the implications for themselves — that the 
degree of selectivity they ask for would require that academic 
departments in the chosen universities should no longer be as free 
as they are to decide who should become graduate students. 

The British problem is not merely more difficult than the 
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American; as things are, it is also literally insoluble. This year’s 
cuts in university budgets will have ensured that, next year, the 
research councils will be seeking with less success than in recent 
years sparks of inspiration on which to spend their own then 
diminished funds; except in the most ivory of towers, 
demoralization has now gone too far. In the long run, British 
universities will survive as teaching institutions and as places at 
which research is carried out only if there is a greater plurality of 
sources of funds — among which the contribution of students 
towards the cost of their education must be a principal ingredient. 
(This last thought should publicly be suppressed, for there is a 
danger that the hard men at the Treasury will misread it as a proof 
that all support for students should be done away with and not 
simply as a sign that the arbitrary limits on size now imposed on 
individual universities are diseconomies.) Dr Press’s symposium 
next week will be an instructive occasion. It is to be hoped that the 
participants can spare a thought for those even less fortunate than 
themselves. 


Airborne radar for all 


Selling AWACS aircraft needs diplomacy. Is 
the United Nations the buyer of last resort? 


When is a defensive weapon system offensive? Most simply, 
when it is an AWACS aircraft. This seems to be the lesson of 
Libya’s angry reaction last week to the American decision to base 
two of these airborne radar aircraft in Egypt, of the earlier Israeli 
reaction to the United States Administration’s plan to sell seven 
of the aircraft to Saudi Arabia — and of President Reagan’s 
difficulty in persuading Congress that the sale should be allowed. 
On the face of things, a system designed to give early warning of 
attack would seem to be an unadulterated boon, contributing to 
stability and the avoidance of war. The objectors to United States 
plans for AWACS think otherwise. In an interesting and 
important way, the objections are correct. 

Offensive and defensive weapons are always complementary 
and cannot in the last resort be sharply distinguished from each 
other. If one of two potential adversaries acquires a more 
effective system of defence, the other’s offensive weapons are 
necessarily diminished. Thus must professional archers have been 
angered by the development of lightweight personal armour in the 
fifteenth century. The irony of the proposed sale of AWACS 
aircraft to Saudi Arabia is that the United States has been the chief 
supplier of offensive aircraft both to Saudi Arabia and to Israel, 
so that the transfer of the radar aircraft (already in place, but 
operated by the United States Air Force) would effect a 
retrospective devaluation of the American aircraft in service with 
the Israeli air force, at least in relation to Saudi Arabia. Part of 
President Reagan’s trouble in persuading the Senate to agree to 
the sale — the House of Representatives has already denied him, 
but a veto requires unanimity of both houses — is inescapable by 
those who supply bows and arrows to one of a pair of potential 
adversaries and armour to the other. The supply of arms that 
neutralize each other looks foolish, escalates the level of possible 
combat and is a waste of resources. But the President’s case would 
be stronger if there were some evidence that the sale would help to 
resolve the mounting problems of security in the Middle East. 

To be fair, the Administration’s case is not entirely 
unrespectable. Of all possible pairs of combatants in the Middle 
East, Saudi Arabia and Israel are the least likely. Moreover, the 
Saudi need of radar aircraft stems from anxiety about the stability 
of the Persian Gulf; the aircraft would probably spend their time 
looking north and east, not towards the West. But because the 
AWACS aircraft are capable of gathering military intelligence 
and because the Israelis have no assurance that information about 
aircraft and other military hardware within Israel would not be 
passed on to more probable adversaries, it is understandable that 
the Israeli government should have taken fright. 

Yet is there nothing that might be done constructively to take 
the edge off this anxiety? It would be too much to ask that Saudi 
Arabia should forswear hostilities against Israel — in the present 
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climate of the Middle East, that would further inflame the 
opinions of other Arab states against Saudi Arabia as well as 
Israel. But there must be some basis for an accommodation. An 
agreement that Saudi Arabian AWACS aircraft should not fly 
over Jordan — a sizeable buffer state — would be a good start, 
helping to assuage Israeli susceptibilities while acknowledging 
Saudi Arabian sovereignty. If the Administration wants the 
AWACS sale to go through, it should bend its energies in that 
direction. 

The United States should also be looking for more constructive 
ways of using the technology of airborne radar. These devices, the 
British Nimrod like the United States AWACS, are effective 
means of surveillance for other airborne machines, missiles as 
well as aircraft. Their usefulness in keeping track of what happens 
on the ground is less well established, although much can 
apparently be done. Such airborne radar systems might thus be 
invaluable in monitoring what happens when exhausted 
combatants have agreed that a United Nations peacekeeping 
force is preferable to the prolongation of war. As things are, 
airborne radar over southern Lebanon is more urgently needed 
than near the Persian Gulf. Is it too much to hope that the United 
Nations, usually the luckless peacekeeper of the last resort, will at 
some stage have access to this technology? 


A Daniel for the lions 


The British Government’s new Science 
Adviser should tread carefully but also 
bravely. Caution will not help. 


The British government, like most of its predecessors uncertain 
about the quality of scientific advice it wants, this week appointed 
Dr Robin Nicholson as a kind of between-stairs adviser on 
scientific matters. Unlike legendary (and partly malevolent) 
people like Lord Cherwell, he will not bea confidant of the Prime 
Minister, but will have access to her. Unlike his immediate 
predecessor, Dr John Ashworth (now the unfortunate vice- 
chancellor of the University fo Salford), he will be only partially 
responsible to the head of the Central Policy Review Staff. By his 
own account, but like earlier incumbents of similar posts, he will 
have to spend several months learning his way about Whitehall. In 
the process, like some earlier incumbents, he may be captured by 
the notion that government is too difficult people whose 
qualifications are merely intellectual ability, technical insight and 
energy. Here, then, is a simple recipe for Dr Nicholson: 

è Do not be patient (or too patient); this government has only 
two years left, and you will not be reappointed. (You have only 
been seconded for three years, in any case.) 

è Make a constituency, even if that means spending more time 
talking to working scientists than to other civil servants. Even (or 
especially) the least revered of your predecessors have know what 
is happening at the bench (which is why they could often get away 
with murder). Giving people a sense that their opinions will be 
valued is good for them, while many Whitehall denizens (who 
travel infrequently) are mightily impressed by tales brought back 
from north of the River Trent. 

è Write no substantial memoranda; they will be photocopied. 
@ Dosomething to help British higher education {polytechnics as 
well as universities) in their present plight. The colleagues with 
whom you will be sharing the official car-pool cannot be as 
indifferent as they seem to the fates of the institutions at which 
they were so narrowly educated. 

è Do something to bring the Advisory Council on Applied 
Research and Development within the ordinary ambit of 
professional discussion; there is no a priori reason why it should 
behave as if it were another kind of think-tank. 

è Do something useful; bringing Britain’s defence research 
establishments within the scope of technical discussion is the most 
obvious need. Do not in the meantime worry whether the Ministry 
of Agriculture (to which are joined Fisheries and Food) has struck 
exactly the right balance between basic research and the cost of its 
advisory services. 


OIRE Macmillan Journals Ltd 


Nature Vol. 293 22 October 198] 


597 





New row erupts about lab. animals 


DC indictment 
Stirs welfare 
groups’ protests 


Washington 

Public pressure for tighter laws on the 
use of laboratory animals has been 
increased by the indictment of the head ofa 
private laboratory on the criminal charge 
of causing pain and suffering to monkeys. 
The case against Dr Edward Taub, chief 
investigator at the Institute of Behavioral 
Research in Silver Spring, Maryland, is a 
particular embarrassment to the National 
Institutes of Health (NIH), the source of 
Dr Taub’s research contract. 

Last week, animal welfare groups told a 
congressional subcommittee that the case 
demonstrates that the existing Animal 
Welfare Act, and its interpretation by 
NIH, lacks sufficient bite. Medical 
research organizations, keen to avoid new 
federal controls, countered that peer 
pressure and the existing guidelines were 
sufficient to minimize necessary suffering, 
and that researchers are aware that healthy 
animals make for better science. 

The charges against Dr Taub, who had 
been using the monkeys for research into 
the recovery of stroke victims, were based 
on complaints made by Mr Alex Pacheco, a 
member of a group known as People for 
the Ethical Treatment of Animals. He had 
taken a job as a laboratory assistant at the 
institute, and collected data and photo- 
graphs, which he used to support charges 
of mistreatment and unsanitary 
conditions. 

Mr Pacheco reported his findings to the 
police, who have jurisdiction over the 
treatment of laboratory animals since 
Maryland is one of the few states with its 
own Animal Cruelty Law from which 
laboratories are not exempt. The police 
raided the laboratory early on the morning 
of 11 September and reported that among 
other things they found ‘‘monkeys in such 
physical and mental distress that they 
appeared to have bitten off their fingers 
and arms’’ — reactions which Dr Taub said 
were the result of removing sensation from 
these limbs to discover the effects on their 
subsequent use. 

Dr Taub protests his innocence to 
the charges of cruelty, which if proven 
carry a fine of $1,000 or 90 days in gaol, and 
Says that Mr Pacheco’s claims are based on 
distortion of the facts and misunderstand- 
ing of the research. 

However, the case has already proved a 
considerable embarrassment to NIH, 
which have withdrawn a $200,000 grant to 
the laboratory on the basis of an internal 
investigation, but now face accusations 
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that review and inspection procedures 
designed to prevent cruelty to laboratory 
animals are inadequate. * 

Animal welfare groups claim various 
inadequacies in the current law. For 
example, neither the Animal Welfare Law 
of 1970, nor amendments passed in 1976, 
cover rats, mice or farm animals, the most 
widely used groups in biomedical research. 

Several bills have been introduced into 
Congress in the past few years to tighten up 
the existing law and two in particular are 
receiving enthusiastic support from the 
animal welfare community. 

One would place more responsibility in 
the hands of institutions at which research 
is carried out, as well as authorize the 
Secretary of Health and Human Services 
— responsible for the NIH research pro- 
grammes — to appoint an advisory 
committee with public representatives to 
keep track of the administration of animal 
welfare regulations. The second bill would 
increase support for research into alterna- 
tives to the use of live animals in research. 

Some animal welfare groups want the 
rules to go further, for example requiring 
all research institutions using laboratory 
animals to establish animal welfare com- 
mittees, with public representatives, to 
provide comparable protection to that 
given to humans used in research. 

These moves are being resisted by the 
research community. At a hearing of the 
science, research and technology 
subcommittee of the House of 
Representatives Science and Technology 
Committee, witnesses from groups such as 
the American Institute of Biological 
Sciences, the Association of American 





Washington 

Dr Philip Handler, who retired 
earlier this year after twelve years as 
president of the US National Academy 
of Sciences, has been awarded the 
National Medal of Science, America’s 
highest scientific award, by President 
Ronald Reagan for his ‘‘outstanding 
contribution to biochemical research” 
as well as for his ‘‘national leadership” 
in furthering the state of American 
science. 

A statement issued last week by the 
White House said of Dr Handler, who 
was chairman of the National Science 
Board from 1962 to 1970, and was first 
elected president of the National 
Academy of Sciences in 1969, that ‘‘his 
strong and eloquent leadership of the 
Academy during turbulent times for 
science was praised widely by the 
scientific community on the occasion of 
his recent retirement’’. 

The citation also refers to Dr 
Handler’s research that led to a clearer 


Handler awarded Medal of Science 


Universities, the National Society for 
Medical Research and the Association of 
American Medical Colleges, each argued 
that although existing procedures could be 
improved, the proposed quantum increase 
in regulation is unnecessary. 

There was even stronger criticism of a 
proposal that up to 50 per cent of all NIH 
funds now used for work on live animals 
should eventually be restricted to com- 
parable research on animal substitutes. 

The research community hopes that out- 
side criticism can be contained through a 
process of gradual evolution. They point out 
that largely because of increasing costs of 
maintaining animal facilities, the use of live 
animals in research declined by 40 per cent 
between 1968 and 1978. They also point to 
recent increases in the allocation of research 
funds to look at animal alternatives. Last 
month, for example, the Cosmetic, Toile- 
try and Fragrance Association announced 
that it was making a grant of $1 million to 
the Johns Hopkins School of Hygiene and 
Public Health in Baltimore to establish a 
centre for developing alternatives to 
animals for testing the safety of 
commercial products. 

Whether the process of gradual change 
supported by the industry, NIH and by 
most of the research community will be 
sufficient to hold off new legislation 
remains to be seen. A decade ago, evidence 
such as that produced by Mr Pacheco 
would have virtually guaranteed the 
imposition of stiff new restrictions on 
research. But today the political 
environment discourages more regulation 
or public participation in the control of 
research. David Dickson 








understanding of pellagra. Dr Handler, 
who stepped down from his academy 
post at the end of June, has recently 








been seriously ill and is receiving 
treatment in a hospital in Boston. 
David Dickson 
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Yellow rain 


Waiting for data 


A group of representatives of the United 
States government has been visiting ten 
European capitals during the past three 
weeks, presenting the evidence behind 
allegations by Mr Alexander Haigh, the US 
Secretary of State, that Russian-produced 
mycotoxins have been dropped on civilians 
in Kampuchea (Nature, 1 October, p.327). 
The representatives — who asked that they 
and their affiliations should not be 
identified — have discussed the evidence 
with government scientists and the press. 
But the evidence remains chiefly 
circumstantial and the release of 
information before the scientific evidence 
has been properly presented has done little 
to clarify whether the allegations are 
correct. 

The mycotoxins concerned are from the 
tricothecene group, produced by the 
Fusarium fungi. The circumstantial 
evidence for their use in Laos, Kampuchea 
and Afghanistan consists largely of the 
descriptions of symptoms experienced by 
civilians within a few hours of the dropping 
of ‘‘yellow rain’’ from low-flying aircraft. 
According to the anonymous speakers at 
the US Embassy in London last week, the 
progressive symptoms of vomiting, skin 
blisters, haemorrhaging of mucous 
membranes and death were observed by 
journalists, doctors and refugees from 
these countries and, it was stated, were not 
consistent with ‘‘traditional’’ chemical 
warfare agents. Moreover, according to 
the speakers, the climatic conditions in 
Laos (from where the detailed evidence was 
drawn) are not conducive to the natural 
production of these toxins by fungi. 

Only one sample of vegetation affected 
by yellow rain, taken from Laos by a 
person ‘‘trained in chemical warfare”, has 
so far been analvsed, and the results of that 
investigation — carried out by Dr C. J. 
Mirocha of the University of Minnesota — 
have not yet been accepted for publication. 
Dr Mirocha confirmed that three toxins, 

2, nivalenol and deoxynivalenol, had 
been identified, and agreed with the 
statement that the concentrations of the 
last two were about twenty times the 
amounts observed in contaminated 
vegetation in other parts of the world. But 
he disagreed that the climate of Laos would 
prohibit toxin production, although he felt 
that other fungi would prevent Fusarium 
from producing the toxins. He felt that 
until his results had been published, they 
could not be properly discussed. 

Several questions remain unanswered. 
None of the descriptions of observed 
symptoms were attributed to specific 
observers so that it is not possible to 
ascertain how objective that evidence is. 
The symptoms produced by mycotoxin 
poisoning vary greatly from species to 
species, according to Dr D. Paterson at the 
Central Veterinary Laboratory in 
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Weybridge, who has investigated the 
effects of mycotoxins on cattle. It is not 
obvious, therefore, that the symptoms 
described can definitely be attributed to 
mycotoxins. When asked what type of 
vegetation had been sampled, the 
government scientist replied that it was “ʻa 
small bush’’. 

Other samples are being analysed, and 
— as the rainy season in Laos is soon to end 
—~ it is expected that ‘‘yellow rain” may 
soon be falling again. But the com- 
bination of unattributed evidence, 
premature and incomplete discussion of 
scientific evidence and vested interest may 
have combined to defeat the purpose of the 
European expert tour. Philip Campbell 


European Community research 
Savings on defence? 


Brussels 

European Commissioner Karl-Heinz 
Narjes has set the cat among the pigeons by 
suggesting that EEC countries should co- 
operate on defence and military research. 

This was just one of the ideas put 
forward in a policy paper on industrial 
innovation which looks at how Europe’s 
flagging competitiveness could be 
improved by action at EEC level. Although 
only cautiously mooted by Narjes, the 
suggestion has led to a heated debate 
among the European Commissioners. Not 
only is cooperation on military matters 
excluded from the Treaty of Rome and 
therefore not a matter for EEC, but certain 
member states, notably Ireland, are 
already disturbed that discussions by 
EEC’s foreign affairs ministers should 
include defence questions. Ireland is not a 
member of NATO and has neutral status. 

Narjes, however, feels that the time is 
right to debate the advantages of sharing 
the costs of military research. France and 
the United Kingdom devote about 50 per 
cent of their public sector research and 
development budgets to military research 
which frequently provides valuable 
commercial spin-offs. France under 
Mitterrand is certainly more amenable to 
wider cooperation on defence matters and 
in the rest of the Community the need to 
keep public sector budgets pared to a mini- 
mum will surely make the idea attractive. 

Another suggestion Narjes raises in the 
paper is to link the Community’s research 
with the activities of the European Space 
Agency. The new horizons this could open 
up were considered in a report by European 
parliamentarian, André Turcat (see Nature 
] October, p.330). 

In the main, though, the paper concen- 
trates on more down-to-earth prospects: 
more innovation-orientated spending by 
the social and regional funds, improving 
access to risk capital, bringing together 
European companies to pool research in 
new technologies, and improving the in- 
centives for investment in new technology. 
The European Commission has already 
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organized a meeting of representatives 
from information technologies to identify 
the areas in which basic and non- 
competitive research could take place. 

A chief target of the paper is the restric- 
tive nature of the national public supply 
markets. These absorb some 10 per cent of 
the gross domestic product and are under 
the immediate control of governments 
which, claims the commission, only favour 
national suppliers. These public markets 
are invariably in technologically rapidly 
evolving sectors (telecommunications, 
information technology, energy, transport 
and education) and where the successful 
can seldom take advantages of the large 
European market. 

Narjes’s paper will be followed by a 
second with more detailed suggestions that 
could be ready for the next European 
Councilin London on 26 November. There 
the so-called May 30th mandate, which 
requires that the Community should move 
away from the heavy emphasis on agri- 
cultural spending and put more effort into 
industrial and social affairs, will be 
discussed. Jasper Becker 


French science budget 


More for all 


Is a budget increase of — on the face of it 
— nearly a third for research and 
development, 1,800 new posts in 
universities and a further 630 in research 
agencies a vision of some glorious year of 
the 21st century? No, it will be France in 
1982, if budget plans announced last week 
are put into effect. 

Research and innovation are clearly a 
central plank in the Mitterrand 
government’s philosophy of boom or bust; 
and provided inflation does not waste the 
rewards, French scientists seem likely to 
benefit greatly in the next few years. 

In 1982, there should be a 20 per cent 
increase (less inflation) in the civil research 
budget. The universities will get only a 16 
per cent cash increase, but many new posts, 
400 of them from 1 January. Of the 
research agency posts, 348 will be at the 
prestigious Centre Nationale de la 
Recherche Scientifique — an increase of 
nearly 5 per cent on its total research staff. 
The university posts will be principally 
‘‘assistants’’, junior appointments to absorb 
unemployed graduates of the ‘‘troisiéme 
cycle” (effectively post-docs) and rejuvenate 
ageing departments. 

According to Jean-Pierre Chevènement, 
minister for research and technology, the 
exact allocation of the increased research 
budget will not be decided until after the 
National Colloquium on Science and 
Technology in Paris in mid-January. 
However, the division of the budget among 
research agencies already makes clear some 
rather remarkable priorities. 

For example, despite the new French 
commitment to nuclear power (strongly 
championed by Chevénement), the lowest 
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percentage increase in research budget 
accrues to the Commissariat a Energie 
Atomique (CEA) (18 per cent) while the 
highest goes to the Commissariat a 
l’Energie Solaire (COMES) (50 per cent). 
Nevertheless, CEA has a budget of 5,200 
million francs (£520 million) and COMES 
only 300 million francs. 

Some of these increases must, however, 
be qualified by a French budgetary 
distinction between ‘‘crédits de paiement” 
(money actually received in 1982) and 
“‘crédits d’autorisation’’ (money which 
can be committed, as in ordering a piece of 
equipment, but not necessarily spent). 

It is in terms of these crédits 
d’autorisation that there will be an increase 
of 29 per cent (to 25,000 million francs 
from 19,000 million francs). In crédits de 
paiement, the increase is only 15 per cent. 
Thus in his budget Chevénement is 
gambling heavily — as is all of France — on 
future economic success. Of what he offers to 
research, about half is not yet in the 
government’s coffers. Robert Waigate 


UK research funding 
Cutting problems 


The British Science and Engineering 
Research Council is alarmed that the 
quality of research in some outstanding 
science departments is being jeopardized 
by the reluctance of universities to be 
sufficiently selective in deciding where to 
make economies. The council’s anxiety has 
apparently increased since the University 
Grants Committee informed individual 
universities last July of the cut in their 
incomes and student numbers over the next 
three years. Although guidance on student 
quotas for different subject areas was fairly 
specific, the council considers that advice 
on where to save money was too vague. It is 
disturbed by evidence that universities are 
tending to make unselective cuts. 

The worry is that universities are 
endangering the concept of a well-found 
laboratory on which the dual support 
system for funding university research 
depends. The system demands that 
universities provide well-equipped 
laboratories run by tenured staff while the 
research councils award grants to 
individuals for specific research projects. 
The Science and Engineering Research 
Council intends to continue awarding 
grants on the merit of proposals provided 
that they come from laboratories with an 
adequate research base. But it says that if 
universities make cuts across the board, 
facilities in many departments may be so 
weakened that it would be unable to 
support their work. 

That apparently has already happened 
on occasion in recent years. In such cases, 
the council has made grants conditional on 
the university providing the funds for basic 
equipment. By March 1980, the position 
was such that the Advisory Board for the 
Research Councils set up a committee to 
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recommend what should be done. The 
committee has now resumed its investigations 
after postponing its report when the latest 
cuts to the universities became known. 

Sir Alec Merrison, chairman of the 
committee, believes that it should report by 
the end of the year so as to provide 
universities with guidance on how to 
reorganize while minimizing the damage to 
research. Judy Redfearn 


US engineering graduates 
Firms step in 


Washington 

Increasingly concerned at growing 
bottlenecks in the production of engineers 
by US universities and colleges, as well as 
the decreasing willingness of the federal 
government to provide financial assistance 
to overcome this problem, private com- 
panies are taking matters into their own 
hands. 

Two weeks ago, member companies of 
the American Electronics Association, 
computer and data processing equipment 
manufacturers who have been among the 
hardest hit by current shortages in qualified 
manpower, agreed that over the next five 
years they would set aside two per cent of 
their research and development budget to 
assist university and college computer 
science and engineering departments. 

This decision could produce an extra $50 
million to help support engineering 
education, and follows the announcement 
in September that the Exxon Education 
Foundation is to launch a five-year, 
$15-million programme of assistance to 
engineering schools and faculty members 
across the country. The money will be 
shared among 66 colleges, including both 
private and state universities. Under the 
programme, 100 doctoral candidates will 
receive an average of $50,000 over the three 
years of their studies. An additional 
$20,000 will be provided to 100 
departments of engineering, earth sciences 
and computer science specifically to help 
subsidize higher salaries for young teaching 
faculty members. - 

Although the Exxon Foundation’s grant 
programme is said to be the largest ever 
undertaken by a corporate entity, it is not 
unique. IBM, for example, has awarded 
278 graduate and predoctoral fellowships 
in mathematics, science and engineering in 
the past three years, and is making 180 
grants of $25,000 each to university 
departments between 1980 and 1984 — a 
total of $4.5 million. 

Furthermore, the private sector is so 
concerned that efforts to revitalize the US 
technological base could founder on a 
shortage of adequately trained engineers 
that Exxon and IBM have joined with six 
other major corporations (AT&T, du 
Pont, General Electric, General Motors, 
General Telephone and Electronics and 
Union Carbide) to sponsor a two-year 
programme in Washington under the 





umbrella of the American Society for 
Engineering Education to consider how the’ 
federal government might help to solve the 
shortage of engineering college faculty. 

Although pay differentials are the most 
widely-quoted cause for the current 
Shortage, other factors from federal 
regulation of research to the obsolesence of 
teaching equipment — have contributed to 
the crisis. | 

There is no shortage of potential 
students. News of the heavy demands for 
engineering graduates, often being offered 
starting salaries of $25,000 a year or more, 
has filtered quickly down into the schools, 
and some universities and colleges say that 
they are now having to limit the intake of 
engineering undergraduates. 

According to figures being prepared by 
the National Science Foundation, 
however, private industry employers are 
now having ‘‘major difficulties’’ in filling 
their requirements for computer, 
electrical/electronic and chemical 
engineers. Employers had reported some 
difficulties?” in recruiting mechanical, 
industrial, petroleum and mining 
engineers, but said that demand and supply 
were in balance for aerospace engineers, 
while there was evidence of an oversupply 
of civil engineers. 

Nor is it only the private sector that is 
worried. General Robert T. Marsh, 
commander of the US Air Force Systems 
Command is concerned that a shortage of 
highly qualified scientists and engineers is 
threatening the US defence capability. 

The Reagan Administration has already 
advertised its concern for the general 
shortage of engineering graduates in both 
the private and military sectors. It insists 
that this problem should, where possible, 
be solved through the maximum involve- 
ment of private companies. 

Some of these efforts, however, may 
already be beginning to backfire. Dr Ivan 
Bennett, dean of New York University 
Medical Center, has told the advisory 
committee to the director of the National 
Institutes of Health that although recent 
changes in the tax law make it more 
attractive for companies to donate second- 
hand research equipment to universities, 
some corporate leaders had told him that 
the value of this incentive was virtually 
cancelled out by the accelerated 
depreciation now allowed on such 
equipment. David Dickson 





Genetic engineering 

s ra. | eer) 
Biogen digs in 
Zurich 

Within a period of days Biogen, one of 
the first biotechnology companies, has 
opened an American counterpart to its 
Geneva laboratory, appointed one of last 
year’s Nobel prizewinners as chairman of 
its board of directors and secured $20 


million of additional financial backing. 
Biogen seems bent on being among the ten 
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per cent of biotechnology companies thai 
survive the next five years. o 
The new chairman of the Biogen board, 
Professor Walter Gilbert, has been closely 
associated with the company since its 
inception in 1978 both as chairman of the 
board of scientific directors, a role in which 
he will continue, and as co-chairman of the 
board of directors (since mid-1979). He 
moves to the position of chairman with the 
departure of the other co-chairman, Dr 
Robin Nicholson of Inco, to the British 
Cabinet Office (see p.596). Since the job of 
chairman is full-time, Professor Gilbert is 
taking a year’s leave of absence from 
Harvard. And since he hopes to remain as 
chairman, he is discussing with Harvard 
University ways and means by which he can 
permanently keep both his laboratory at 
Harvard and his position with Biogen. 
The American laboratory of Biogen Inc. 
opens this week on a site two blocks away 
from the Massachusetts Institute of 
Technology in Cambridge. It should be 
staffed with about 35 scientists by the end 
of the year and may well have a director 
within weeks. The Cambridge laboratory is 
destined to concentrate on the more 
chemical and processing sides of 
biotechnology, with a particular interest in 
bacterial methods of producing ethanol 
and chemical feedstocks. Meanwhile the 
Geneva laboratory of Biogen SA (the 
offspring together with Biogen Inc. of 
Biogen NZ, registered in Curaçao) will 
continue to concentrate on pharma- 
ceuticals. The Geneva laboratory is itself 
due to grow rapidly, moving into new 
premises and doubling in size this year. 
All this expansion, for a company that 
has not yet a single product on sale, needs 
just the kind of financial backing 
represented by the $20 million deal closed 
this week with private European financial 
institutions (insurance companies and 
banks mainly in the United Kingdom). But 
when can the backers, which include Inco, 
General Metropolitan, Schering-Plough 
and Monsanto, expect to see some return? 
Professor Gilbert anticipates that Biogen’s 
first sales should be within two years. 
Bacterially produced human leukocyte 
interferon is already in the first phase of 
clinical trial in the Netherlands and both a 
foot and mouth disease vaccine and a 
hepatitis B vaccine are being tested in 
animals. The interferon is being produced 
in Zurich for Schering-Plough; and Biogen 
has very recently concluded negotiations 


with the Japanese pharmaceutical 


company, Green Cross, for the eventual 
marketing of a hepatitis B vaccine. — 

At present Biogen relies on connections 
with established companies for the 
marketing side of its business but it plans to 
become in time (and in the jargon) 
vertically-integrated. No doubt it also 
plans to go public in due course but, despite 
speculation earlier this year, Professor 
Gilbert will say only that Biogen is a private 
company and plans to remain so for some 
time. Peter Newmark 


Biotechnology 
UN plans centre 
New York 

An International Centre for Genetic 
Engineering is being planned at the United 
Nations. Proposed last year by UN 
officials, the centre would attempt to 
promote technology transfer between 
developed and developing nations in a non- 
commercial setting. 

At a meeting in Vienna last February 
under the auspices of the United Nations 
Industrial Development Organization 
(UNIDO), scientists and officials from 
developing countries worked out a plan for 
a facility to extend the industrial appli- 
cation of genetic engineering to developing 
countries. The working model appears to 
be the International Centre for Theoretical 
Physics in Trieste. The centre would enter- 
tain scientists from both developed and 


















































Aid without reactors 


The United Kingdom Atomic Energy 
Authority confirmed last week that its 
Harwell laboratory is acting as a con- 
sultant to the King Abdulaziz 
University in Jeddah, Saudi Arabia, on 
the development of an international 
energy research centre. But the 
authority insists that no part of its brief 
will be concerned with the provision of 
nuclear reactors, even for research. 
Rather, the Harwell laboratory will be 
giving advice only on the establishment 
of a laboratory of materials science. 

By all accounts (of which there are 
few), the Jeddah centre is to be a fully 
fledged research laboratory concerned 
with all non-fossil sources of energy. 
One of the objectives is to create a 
laboratory at which scientists and 
engineers from outside Saudi Arabia 
will work alongside local people, thus 
helping with training, also known as 
technology transfer. Much of the 
research programme will be concerned 
with solar energy with which Saudi 
Arabia is almost as well endowed as 
with petroleum. 

The importance of a materials science 
laboratory at the centre stems not 
merely from the possible use of semi- 
conductor devices for the direct 
conversion of solar energy into 
electricity but also from the 
applications of ceramic and other 
materials in the fabrication of other 
solar energy devices, from mirrors to 
windmills. 

The Harwell laboratory is thought to 
be only one of several consultants; the 
identities of the others are not known. 
Its brief appears to involve the speci- 
fication of laboratory facilities and 
equipment and the provision of advice 
on the scale on which research should be 
carried out. 


developing nations in order to deal with 
scientific problems unique to the poorer 
countries. 

The centre would serve as an inform- 
ation network and as a training ground for 
scientists from developing countries, and 
might include on-site laboratories for 
research and development. Suggested pro- 
jects already include work on vaccines for 
malaria and other diseases, the transfer of 
nitrogen-fixation genes to plants and the 
development of plants resistant to drought 
and herbicides. Agricultural specialists 
consulted by the United Nations foresee 
the creation of high technology plants 
capable of yielding well even with the 
relatively less advanced agricultural 
technology of the poorer nations. 

There is, as yet, no indication of where 
the centre would be located but several 
countries, including Mexico and 
Argentina, have expressed an interest. The 
host country would be expected to put up 
money to help finance the enterprise. Other 
financial support would come from 
UNIDO funds, and UN officials say they 
are trying to interest several OPEC nations. 

UNIDO representatives say the proposal 
has been well received wherever they have 
travelled in South America, Asia and the 
Middle East. But apart from the political 
problem of where to place such a centre, 
scientists researching the plan have said 
that some developed nations — 
represented in the United States by the 
Department of Commerce and the State 
Department — have been hesitant to 
commit themselves wholeheartedly to such 
a broad transfer of technology. 

In addition, some Third World research 
directors have suggested that they would 
prefer that the United Nations should 
invest in factories rather than in building a 
research centre. They argue that many 
nations which need the fruits of recomb- 
inant DNA technology lack a nucleus of 
native scientists capable of taking 
advantage of such a facility. 

The next UNIDO meeting takes place in 
Vienna this month, and the United States, 
Japan, Pakistan, India, The Netherlands, 
West Germany and the United Kingdom 
have so far agreed to attend. Final 
decisions about the size and location of the 
proposed centre are expected by January 
1982. Michael D. Stein 


Research in Norway 


Oiling the wheels 


Bergen 

A Norwegian government commission 
says that spending on the country’s indus- 
trial science and technology research is 
grossly inadequate and that a doubling of 
expenditure in the next few years is needed. 
It is hoped that industry itself would 
provide most of the money, although the 
commission, chaired by banker Lars Uno 
Thulin, urges the public sector to take an 
initiative by spending an extra £25 million 
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during the next three or four years. 
The mandate of the Thulin commission 
was to assess the effectiveness of publicly 


2 
Plutonium deal 

The United States is seeking 
plutonium from Britain to meet the 
shortages caused by the expanding US 
nuclear weapons programme. The US 
Department of Energy has approached 
its opposite number in Britain through 
the British Foreign Office with a request 
for plutonium reprocessed from spent 
reactor fuel at the Sellafield plant in 
Cumbria (previously called Windscale). 

Negotiations are only at a pre- 
liminary stage. How much plutonium is 
at issue, the price, when it would be 
needed and the ratio of isotopes it 
would contain are uncertain. But, 
according to the British Foreign Office, 
negotiations concern only reactor grade 
plutonium for civil uses, in particular 
for the prototype fast breeder reactor at 
Clinch River, Tennessee, which the 
Reagan Administration hopes to 
persuade Congress to complete. Any 
agreement, says the Foreign Office, 
would comply with international safe- 
guards. 

The argument goes that the deal will 
allow the US Department of Energy to 
release plutonium from civil uses for 
nuclear weapons production. A 
shortage of weapons-grade plutonium 
by the end of the decade was forecast by 
the Carter Administration in its last few 
months of office. Hence output from 
reactors at Savannah River dedicated to 
weapons-grade plutonium production 
has been stepped up and another reactor 
will be reopened in 1984 after 13 years. 

The nuclear reactor in Richland, 
Washington, previously dedicated to 
producing fuel-grade plutonium for 
civil use, is also being adapted to 
weapons-grade production. When con- 
version is complete in about two years’ 
time, the stock of fuel-grade plutonium 
will be about 17 tons, sufficient to 
supply the civil programme including 
Clinch River until 1990. The three alter- 
natives for ensuring supply beyond 1990 
are imports, production from new 
equipment which could be built at 
Savannah River, and reprocessing spent 
fuel from commercial reactors. 
Although the Reagan Administration 
plans to resume reprocessing, the 
proposal has not yet gone to Congress. 

British exports of plutonium are not 
unprecedented. Since 1971, Britain has 
exported a total of 1,280 kg for civil 
purposes to several countries including 
the United States. And it has also 
exported an unspecified amount to the 
United States under a military assis- 
tance agreement which came into force 
in 1959, in exchange for enriched 
uranium and tritium for use in Poseidon 
and Polaris missiles. Judy Redfearn 
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financed technological research in an 
economy increasingly dominated by the 
North Sea oil sector but otherwise plagued 
by high costs and declining productivity. 
Industrial research is dominated by the 
Royal Norwegian Council for Scientific 
and Industrial Research (NTNF), which 
naturally came under the closest scrutiny. 

Although much of Norway’s techno- 
logical research is financed directly by 
industry or government outside the NTNF 
system, each year some £80 million of 
public funds is channelled through NTNF 
to institutes wholly or partly owned by the 
council. In its report to the Norwegian 
Minister for Industry, the Thulin commis- 
sion argues for NTNF to be given greater 
powers to decide how and where funds are 
to be allocated — the commission, NTNF 
and its constituent institutes are all critical 
of the recent trend for the four ministries 
sponsoring NTNF to earmark funds for 
particular projects rather than allow 
NTNF to decide on distribution. The 
commission concludes that the ministries 
do not have the scientific expertise required 
for this task. 

To help NTNF to concentrate on 
‘‘strategic’’ decisions, the commission sug- 
gests that the burden of short-term control 
should be transferred to the institutes 
themselves, by turning them into 
independent units funded by NTNF. This 
is radical surgery but NTNF, according to 
its managing director Gudmund Harlem, is 
not in principle opposed to such a move. 

The council is already considering re- 
vamping its many coordinating committees 
in the direction of another of the commis- 
sion’s suggestions, namely to integrate 
them into one large ‘‘industry committee’’. 
This, though, is a sensitive area, since these 
committees are NTNF’s pride and joy, on 
which representatives of industry, the 
ministries, local government, the insti- 
tutes, universities and institute employees 
meet and provide a generally effective 
forum for discussing industrial research. 

The most dramatic proposal in Tulin’s 
report is a doubling of total national indus- 
trial research spending in the next few 
years. Norway’s industrialists are taken to 
task for not spending enough on research 
and it is from the industrial sector that most 
of the new money should come, according 
to the commission, with the emphasis on 
applied rather than pure research. 

The radical changes in the system 
proposed in the commission’s report have, 
not surprisingly, met with opposition from 
many quarters, particularly from some of 
the pioneers of Norwegian industrial 
research in the late forties and fifties — 
NTNF itself was set up in 1946 and has been 
steadily increasing in size and influence 
since then. But it is difficult to believe that 
change will not be forced onasystem which 
must somehow keep pace with increasingly 
unpleasant economic realities. Whether 
the new conservative government, for all its 
sympathy for industry, can find the means 
remains to be seen. H.M. Allen 






Badger tuberculosis ee 
Bring in your dead 


The British agriculture ministry is 
appealing to the public to notify sightings 
of badger carcasses which it will then test 
for infection with bovine tuberculosis. This 
latest move to increase the number of 
notifications, first requested in 1976, 
comes on the heels of the miunistry’s 
announcement that it has resumed gassing 
badgers suspected of passing on 
tuberculosis to cattle. 

The gassing of infected badger setts was 
suspended in September 1979 pending the 
outcome of a review of the practice by Lord 
Zuckerman, president of the Zoological 
Society of London. The gassing began in 
1975 as a means of controlling the 
unusually high incidence of tuberculosis in 
cattle in South-West England. Since then, 
the precise nature of the link between the 
disease in badgers and sporadic outbreaks 
in cattle has been hotly disputed. Lord 
Zuckerman, whose review of the largely 
circumstantial evidence for such a link 
found that gassing badgers is an effective 
way of minimizing outbreaks in cattle, 
recommended in October 1980 that gassing 
be resumed as soon as possible. 

The ministry lost little time. Details of 
gassings in the last two months of 1980 are 
contained in a recently published report, 
Bovine Tuberculosis in Badgers, prepared 
by the ministry as part of its new obligation 
to publish annual reports on the progress of 
the control programme. In November and 
December 1980 the ministry authorized the 
gassing of previously untreated badger 
setts in 12 out of 26 areas in South-West 
England reporting new outbreaks of 
tuberculosis in cattle. 

The ministry’s report supports Lord 
Zuckerman’s findings that bovine tuber- 





-culosis, which had declined in the most 


affected areas during the earlier gassing 
programme, increased last year during the 
ban. The number of new outbreaks, 
however, varied considerably between 
areas, the hardest hit counties being 
Devon, with three serious new outbreaks, 
and Cornwall, which had more infected 
cattle than at any time since 1976, 
Although infected badgers were found 
near these areas, none was found near out- 
breaks in Somerset and Wiltshire. As many 
as 24 per cent of dead badgers collected in 
the worst affected areas of Devon were 
found to be infected with tuberculosis 
compared with 9 per cent for the South- 
West as a whole. 

Isolated cases of other infected 
mammals, in particular foxes, moles and 
rats, have also been found, but the ministry 
thinks they are unlikely to be a real threat to 
cattle. In the meantime, therefore, it 
intends to continue to monitor the 
incidence of tuberculosis in badgers with 
the public’s help, and will investigate 
routes of transmission to cattle. 

Judy Redfearn 
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Ethics for animals — 
Sir — As noted in your editorial (Nature 17 
September, p.173), human research is already 
controlled by ethics committees, and so we 
have some experience that can predict the 
effects of introducing their non-human 
counterparts. 

An ethics committee that takes itself 
seriously is a major obstacle to a research 
worker. By the nature of things, its members 
are senior, having their own productive 
research days well behind them. The 
supplicant is called upon to justify his 
proposition in advance of the evidence, so the 
more original ‘‘look-see’’ type of work is 
discouraged. In arguing a nice point of logic, 
the committee is both cross-examining counsel 
and judge. Research workers have many 
possible deadlines to meet, and delay imposed 
by waiting for one or maybe more meetings 
may give the lead to other workers or cause an 
intending financial sponsor to take his grant 
elsewhere. 

But, having said all that, the ethics 
committee is a necessary evil, and the 
adversarial system sharpens the scientist's 
mind wonderfully. Since non-human animals 
cannot be consulted or give consent, their 
“rights” must be safeguarded even more 
carefully than those of humans. I have never 
met a Vivisectionist who approached his work 
thoughtlessly, yet standards of what is 
acceptable vary enormously, and if nothing 
else we should each be exposed to other 
people’s opinions when planning anima! 
experiments. 





D.L.J. FREED 
Research Institute of Scripps Clinic, 
La Jolla, California, USA 


Survivalist hopes 


Sir — Barrie Pearson (Nature 3 September, 
p.6) objects to Antony Flew’s (Nature 16 July, 
p.192) ‘‘formulation of the principle of 
natural selection as non-random survival’ on 
the grounds that it is an ‘“‘empirically empty 
concept if the range of possibilities the non- 
random survivors were chosen from is 
unknown’’. Thus, he would have us believe 
that without such absolute knowledge 
biologists, as ‘creatures of reason’’, must 
accept the possibility of random survival. This 
argument, however, is simply another one of 
those ‘‘philosophical muddles”’ to which Dr 
Flew referred that continue to obscure the 
creationist debate. 

The “range of possibilities’? on which 
natural selection acts is ultimately dependent 
upon randomly occurring mutations. Many of 
these are deleterious, often with fatal 
consequences. It is not necessary to identify 
every possible mutation, its effects and its 
frequency of occurrence, therefore, in order to 
conclude that some allelic variants are much 
less likely to persist than others. 

Of course, Darwin’s theory of natural 
selection explains not only the elimination of 
deleterious mutations, but also the spread of 
favourable ones. The generality of this theory 
lies in the generality of certain necessary 
conditions. (1) Many more individuals are 
produced than can possibly survive; (2) among 
these individuals there is heritable variation in 
characteristics affecting reproductive success. 
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If Dr Pearson wishes to dispute the general 
applicability of natural selection he should 
probably begin by attacking the ubiquity of 
these conditions in nature. I think that it is 
safe to say, however, that he will not meet 
with much success. 

Ropert P. GENDRON 
Duke University 
Durham, North Carolina, USA 


Gold solution 


Sir — Your editorial on returning to the gold 
standard (Nature 24 September, p.246) 
showed an amazing degree of understanding 
of the topic. Gold has been a monetary 
standard primarily because almost all that 
has been mined in the past several thousand 
years is still around in a readily available 
form. Mining at full tilt can scarcely make a 
ripple in this huge, widely distributed bulk and 
the major commercial uses of gold do not 
destroy its availability, so that the supply is 
essentially independent of human agency. 
Your suggestion of the establishment of a 
short-lived isotope as an alternative monetary 
standard would never have occurred to me. 

Your observation that gold is unnecessary is 
correct. All that is needed is pure reason and 
self-restraint and the world economy will run 
quite smoothly. Better yet, there will be no 
wars. 

it is, however, not strictly correct that the 
gold standard would force a country to 
balance its yearly budget. Borrowing of funds 
is still permitted under a gold standard. The 
difference is that such debts would eventually 
have to be repaid rather than being inflated 
out of existence. 

David DUNTHORN 

CF Systems, 
Oak Ridge, Tennessee, USA 


A good read 


Sik — That science is more complex that it 
was fifty years ago is reflected in the 
fragmentation of subjects into more and more 
specialities, each requiring at least one journal 
of its own to lend an air of respectability. The 
hard-pressed scientist wishing to keep a 
tenuous grasp on the broad advance of science 
turns, as he always has done, to Nature, 
Science and the like. But does the writing in 
these non-specialist journals now also mirror 
the growing complexity of science? We have 
applied an objective method of testing 
readability to letters published in Nature over 
the past fifty years and we find a highly 
significant decrease between 1940 and 1950. 
The readability after this date appears to be 
stable. 

The test, developed by Flesch!, uses the 
number of syllables, words and sentences in a 
chosen passage to calculate the average word 
length (wl) and sentence length (sl). These are 





Table 1 Flesch classification of reading 
ease (RE) 
RE Style Typical exemple 
0-30 Very difficult Scientific 
30-50 Difficult Academic 
50-60 Fairly difficult Quality 
60-70 Standard Digest 
70-80 Fairly easy Slick fiction 
80-90 Easy Pulp fiction 
90-100 Very easy Comics 


then used to compute the reading ease of the 
passage (RE) from the equation: 


RE = 206.835 -0.846wl - 1.015sl 


Flesch produced a classification of RE which 
is summarized in Table 1. We have chosen 
every twentieth letter published in Nature from 
1930, at ten-year intervals, to 1980 and 
calculated RE for the first hundred words in 
each. The first hundred were chosen in the 
belief that here the authors should be writing 
most clearly, attempting to explain the 
purpose of their work and its significance to 
the general reader. Choosing the beginning 
rather than any other part also reduced the 
chance of encountering complex formulae and 
equations which do not readily lend themselves 
to RE calculations. Our results are shown in 
Table 2. 

It can be seen that there is a sharp drop in 
RE when 1950 is compared with 1940. The 
Student ¢-test shows this to be highly 
significant (P<0.01). The RE changed little 
over the period 1950-80. Thus, our subjective 
impression that Nature was much easier to 
understand during the 1960s than today does 
not appear to be true, at least as measured by 
reading ease. The significant drop in RE 
between 1940 and 1950 was accompanied by 
an increase in the number of letters published 
in Nature but, interestingly, no similar 
reduction took place in 1960 when the number 
of letters published was greater than ever 
before. 





Table 2 Reading ease (RE) of letters 
published in Nature over half a century 
Year No. of letters RE (s.é.) 
1930 8 32.1 (6.3) 
1940 10 29.1 (2.6) 
1950 29 16.5 (2.4) 
1960 76 18.0 (1.5) 
1970 59 15.0 (1.6) 
1980 4] 12.8 (2.1) 





It has been suggested? that, for a paper to 
be impressive, it must be almost or, even 
better, completely unintelligible. For example 
it has been demonstrated‘ that, in the field of 
management studies, a journal’s prestige 
increased as its readability decreased. 
Although we are at present unable to test this 
idea rigorously for science journals we have 
used Current Contents to identify a dozen 
letters published in Nature since 1950 which 
have been cited more than one hundred times. 
The mean RE of these letters was 25.0 with a 
standard error of 4.2 and perhaps the most 
celebrated of these, on the helical structure of 
DNA by Watson and Crick*, had an RE of 
51.9, These findings suggest at least that letters 
appearing in Nature need not necessarily be 
cloaked in obscure and difficult language to be 
accepted for publication or to make a 
significant impact on the scientific world. 
@The RE of this letter is 40.0. N 

D. B. JACK 


M. R, GREGG 
Department of Therapeutics and Clinical 
Pharmacology, 
The Medical Schooi, 
University of Birmingham, UK 
| Flesch, R.A appl. Psychol, 32, 221-233 (1948). 
_ Siegfried, J.J. J. polit, Econ. 78, 1378-1379 (1970). 
_ Armstrong, 3.5. Chemtech 11, 262-264. 
_ Loveland, J. Acad. Manag. J/ 16, 522-524 (1973). 
Watson, J.D. & Crick, F.H.C. Nature, 111, 737-738 
(1953). 
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NEWS AND VIEWS 


Amazonian fishes and the forest 


from Robert M. May 


THE Amazon, together with its roughly 
10,000 named tributaries, contains 
between one-fifth and one-quarter of the 
world’s fresh water. The river delivers 
about 7x106 ft? s! into the Atlantic, 
which is more than four times the discharge 
of the second largest river (the Zaire, 
formerly Congo) and about 11 times that of 
the Mississipi. Swimming in the Amazon is 
the most diverse assembly of freshwater 
fishes on Earth: some 1,300 species have 
been recorded, but much study remains to 
be done, and the total number of species 
may well be about 2,500-3,000. 

In a remarkable recent study (The Fishes 
And the Forest, University of California 
Press, 1980), Goulding has shown that 
more than 50 species of these fish — 
including many of the largest and most 
commercially important — are nourished 
primarily by seeds and fruit from trees in 
the seasonal flood plains. To understand 
this work, some of the geological and 
meteorological complexities of the 
Amazon basin must first be appreciated. 

Most of the 2.3 x 10° square miles of the 
drainage area of the Amazon is a relatively 
flat plain, bounded to the north-east by the 
Guiana Shield and to the south-east by the 
Brazilian Shield (both of which are 
constructed mostly of igneous and 
metamorphic rocks, partly covered with 
sandstone layers), and to the west by the 
much younger Andes. Before the major 
upthrust of the Andes in the Miocene, the 
Amazon drained west into the Pacific. 
Throughout most of the Tertiary the 
Brazilian and Guiana Shields blocked 
eastward drainage, and a huge lake is 
thought to have formed; this lake drained 
when the Amazon at last began to flow into 
the Atlantic during the Pleistocene. One 
practical indication of this comparative 
flatness of the Amazon basin is that the 
river remains navigable all the way to the 
town of Iquitos (which is only 350 ft above 
sea level), 2,700 miles from its mouth. 

The rainfall that fuels the various 
tributaries of the Amazonian River system 
displays strong seasonality, and most of the 
larger tributaries show patterns of rise and 
fall (with amplitudes of 20-50 ft) that are 
remarkably constant from year to year. 
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The reason for these oscillations is that, in 
tropical regions, the months of peak 
precipitation tend to be those of ‘high 
Sun’, when the Sun is directly overhead at 
noon. Although the later stretches of the 
Amazon proper lie only a couple of degrees 
south of the equator, the Amazon basin is 
spread out over 25° of latitude; northern 
tributaries (such as the Rio Negro) tend to 
reach their peak flow in the months of the 
northern summer, while southern 
tributaries (such as the Madeira) tend to 
peak in the other half of the year. In the 
lower stretches of the river, these seasonal 
fluctuations tend to average out, but they 
can be very pronounced in those tributaries 
that receive significant flow from southern 
or northern parts of the basin. For 
example, at Manaus, just above the 
confluence of the Rio Negro with the main 
river (here called the Solimoes), the yearly 
fluctuations are around 40 ft or more. 

This combination of flat drainage area 
with pronounced seasonality in the levels 
of many of the major tributaries results in 
extensive floodplains. One estimate puts 
the area of the floodplain at around 40,000 
square miles, or about 2 per cent of the 
total Amazonian basin. Helped by the 
favourable climate, these seasonal 
floodplains have produced the greatest 
development of flooded forests in the 
world. 

The trees and shrubs of these flooded 
forest communities are highly adapted to 
withstand partial or total submersion for 
substantial fractions of the year. Goulding 


writes: “Fifteen meters is the maximum 
depth to which I have found flooded forest 
trees inundated. In the deeper parts of the 
flooded forests, trees, shrubs, saplings, 
and seedlings can often be inundated for as 
long as eight to ten months each year; the 
latter three are often totally submerged 
during part, if not most, of this time. Only 
a couple of months without flooding are 
needed for seeds to germinate and the 
flood-tolerant seedlings to emerge, the 
latter which can then withstand the long 
inundations, and grow as opportunity 
permits each year when the floodplain is 
drained’’. 

The physiological adaptations that the 
plants of the flooded forest must have in 
order to live their amphibious life are still 
little researched and poorly known. 
Goulding notes that in some cases the trees 
have respiratory roots (pneumatophores) 
which grow above the flood level, and that 
buttresses are also common (although 
these are also found on terra firma). 

The ecological or biogeographical 
classification of Amazonian rivers remains 
essentially that set out by Wallace in A 
Narrative of Travels on the Amazonian 
and Rio Negro (Reeve, London, 1853). 
‘Whitewater’ rivers (including the ‘main 
stem’ Solimoes-Amazonas, Napo, Putu- 
mayo-lca, Madeira, Purus and Jurua) arise 
in the geologically young and high Andes, 
and carry huge amounts of sediments that 
impart a turbid yellowish or cafe-au-lait 
colour to the river. These rivers are often 
characterized by extensive development of 
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floating and attached communities of 
herbaceous plants, which are usually 
missing in ‘clearwater’ or ‘blackwater’ 
rivers; the transparency of ‘whitewater’ 
rivers is generally very low, from a few 
inches to perhaps two ft. ‘Clearwater’ 
rivers (including the Tocantins, Xingu, 
Tapajos and most of the large right bank 
tributaries of the Madeira, which includes 
the Machado, the main focus of 
Goulding’s studies) arise in the geologically 
ancient Brazilian or Guiana Shield areas, 
which have been worn down by long ages of 
erosion. Consequently these areas release 
little material into the streams and rivers 
draining them, and these waterways have 
transparencies ranging from 1 to 10 ft. The 
poor nutrient levels generally prevent 
significant development of communities of 
aquatic herbaceous plants. Lastly, the 
‘blackwater’ rivers (including the Rio 
Negro and Rio Tefe) rise in the Tertiary 
Lowlands; they are very nutrient poor, 
carry minimal amounts of suspended 
materials and range in colour from 
extremely clear to black or ‘tea stained’. 
These rivers have been described as having 
chemical purity ‘‘close to that of distilled 
water and better than most water supplied 
to the public in the United States”. 
(Incidentally, a fluid dynamicist’s heart 
rejoices at the spectacle of the ‘wedding of 
the waters’ where the black Rio Negro and 
the turbid ‘whitewater’ Solimoes meet: 
differences in velocity, flow and density 
keep the rivers distinct, and the yellow, silt- 
laden Amazon and the fluid black Negro 
flow side by side for miles, with small 
yellow vortices spinning into the Negro as 
precursors of the eventual union). 

What sustains the abundant fish life in 
the nutrient-poor clearwater and 
blackwater rivers? For many species, 
Goulding shows the answer is fruit and 
seeds from the flooded forest. His studies, 
begun in 1973, have involved analysis of 
the stomach contents of some 3,000 fishes, 
together with field observations, 
experiments and extensive interviews with 
fishermen and rubber collectors. 

The characins are morphologically the 
most diversified group of Amazonian 
fishes. The largest family of this order is the 
Characidae, which includes the piranhas. 
It also includes the genera Colossoma and 
Brycon, which provide many examples of 
large fruit- and seed-eating fish. 
Preeminent are the tambaqui (C. 
macropmum) and the pirapitinga (C. 
bidens), which are among the largest scaled 
fish in the Amazon and are important (and 
delicious) food fish. The general 
appearance of these fish is as shown in the 
figure. 

Altogether, Goulding has identified 9 
families and 17 genera of fruit and seeds 
from the stomachs of large characins 
caught in the flooded forests of the Rio 
Machado. Of these, seeds without fleshy 
parts appear to be the most important 
component of the diet, whether measured 
by occurrence or by total volume among 


the stomach contents. These large 
characins lurk beneath palm and rubber 
trees when fruit or seeds are dropping — a 
fact exploited by subsistence fishermen. 
The tambaqui appear to be particularly 
fond of the seeds of the rubber tree Hevea 
spruceana, of 96 such fish caught by 
Goulding during the flood season, 48 
contained masticated seeds of this tree, and 
in almost all of these specimens the 
stomachs were full and this was the only 
food item (8-15 kg fish usually contained 





The opened stomach of this tambaqui fish is full 
of masticated seeds of the rubber tree H. 
spruceana. 


0.5—1 kg of seeds; see the figure). Many 
species of rubber trees have seed pods that 
explode in the hot sun and shoot the seeds 
distances of 30 ft or more from the tree. 
Goulding has painted a colourful picture of 
this world (New York Times, 15 July 1980): 
‘In rapid succession you’d hear a ‘pop’ 
when the pods exploded, then a ‘plop’ 
when a Seed hit the water and then a ‘gulp’ 
as the fish swallowed the seed’’. 

As well illustrated in the book, many of 
the fish have developed large molars and 
specialized jaw musculatures, enabling 
them to crack hard foods such as Brazil 
nuts. Pirapitinga and tambaqui are able to 
crush the very hard Astrocaryum nut, and 
Goulding found one 6.3 kg fish containing 
just under | kg of the masticated fruits of 
this palm. 

Most of the fruit- and seed-eating 
characins appear to build up large 
quantities of fat during the flood season 
and to fast during the dry season when the 
water recedes from their source. For these 
vegetarian fish species, the average 
‘fullness’ of the stomachs that were 
analysed ranged between 72 and 93 per cent 
during the high-water seasons, and only 
0-3 per cent had empty stomachs during 
this time. During the low-water period, 
when the fish were restricted to river 
channels or lakes, average ‘fullness’ 
dropped and empty stomachs were com- 
mon (the fraction that were empty ranged 
from 25 to 75 per cent for the various 
species in the study). Some species turn to 
other food sources; for example, C. bidens 
feeds heavily on leaves during the low- 
water period. 

Although much less abundant than the 
characins (especially in the medium- and 
large-size categories), catfishes are also 
represented by a diverse array of fruit- and 
seed eaters. As elsewhere, the Amazonian 
catfishes are benthic, whereas most fruits 
and seeds that fall into the water float, at 


least initially. Thus the catfishes may be ata 
disadvantage compared with the characins 
which can intercept such food at the 
surface or as it sinks. Moreover, the small, 
villiform teeth of most catfishes are not 
able to masticate seeds. In partial 
compensation, the catfishes appear to be 
more active at night. All this having been 
acknowledged, Goulding nevertheless 
found fruit and seeds to be a significant 
part of the diet of several species of 
catfishes. 

Overall, Goulding has shown that fish 
species of the same genus tend to exploit the 
same general kinds of fruits and/or seeds. 
Thus, among the characins, Colossoma 
take mostly large fruits and seeds in the 
deeper parts of the flooded forest; Brycon 
exploit many of the same species as 
Colossoma, but favour the shallower 
areas; Mylossoma eat mostly medium- 
sized seeds, as do some species of the 
piranhas Serrasalmus; Myleus heavily 
attack the seed crops of a riverside 
euphorb; and Triportheus are fondest of 
smaller fleshy fruits. The large catfishes, 
Megaladoras irwini and Lithodoras 
dorsalis, searched out the large fruits of 
Licania longipetala in both of the flooding 
seasons studied. 

While it is clear that the flooded forests 
have affected the evolution of the fruit-and 
seed-eating fishes, the influence of the 
fishes on the trees is less clear. Are the fish 
purely predators, or are they partly 
mutualistic dispersers of seeds? In the Rio 
Machado, Goulding found that fishes 
exploited a total of at least 40 species of 
fruits and seeds (including 38 genera and 21 
families), of which 16 species were always 
destroyed by ingestion, while another 16 
were always swallowed whole. Seeds from 
this second group were recovered from the 
lower intestines of fish, and they 
germinated in experimental plots. Seeds of 
the remaining eight species gave equivocal 
results. In short, seed dispersal may be 
helped by the fish in roughly half the cases 
studied. Goulding cautiously concludes: 
“Over long periods of time water is 
probably just as effective a dispersal agent 
for increasing the absolute distribution of a 
plant species in the Amazon as are fishes. 
Within the area of distribution, however, 
fishes may be the main dispersal agents that 
maintain the relative abundance of the 
species”. 

Goulding’s study goes beyond an 
explanation of how fishes prosper in the 
clearwater and blackwater rivers of 
Amazonia, with their low nutrient levels. It 
adds a fascinating new category to the 
expanding list of examples of inter- 
dependence among trees and animals. It 
also raises worries about the future of 
Amazonian fisheries: the floodplains are 
among the more accessible parts of 
roadless Amazonia, and the flooded 
forests are increasingly being cleared to 
make way for rice paddies, jute fields and 
water buffalo and cattle ranches; fewer 
trees will mean fewer fishes. [ 
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Pereginations: the international 
mobility of scientists and engineers 


from Dorothy S. Zinberg 


DuRING the week of June 22nd some fifty 
scientists, engineers, government officials 
and research directors along with a few 
Stray social scientists and humanists, met 
outside Lisbon in an opulent 18th century 
palace. Replete with its own chapel, 
sculptured gardens, fountains and lavishly- 
tiled rooms, the palace provided a very 
non-laboratory-like environment in which 
representatives from seventeen countries 
(primarily Western Europe, the United 
Kingdom, the United States and one witty 
senior science official from Japan) 
exchanged baleful assessments of the 
current state of international scientific 
exchanges, employment opportunities for 
young scientists and the future of inter- 
national collaborative efforts in science 
and engineering research. 

The meeting, the first formal inter- 
national gathering on the state of inter- 
national science mobility, had been pre- 
ceded by almost a decade of informal 
meetings of high-level science and engineer- 
ing officials, random studies of inter- 
national travel patterns and abortive 
attempts to bring the subject to the atten- 
tion of the scientific and engineering 
community. Perhaps the Reagan budget 
and similar signs of deep cuts in European 
countries provided the necessary impetus 
for a formal meeting, sponsored by the 
European Science Foundation (ESF) the 
National Research Council/National 
Academy of Sciences (NRC/NAS) in the 
United States and the North Atlantic 
Treaty Organization (NATO) Science 
Committee. 

In the early 1970s, the Board for the 
International Exchange of Scientists at 
NAS (merged into the Commission for 
International Relations and later linked 
with the Commission on Human Resources 
to form a new Committee on International 
Human Resources which in turn organized 
the workshop), became concerned that all 
was not well with international travel 
related to scientific research. Although 
specialized meetings such as the Gordon 
conferences and international congresses 
in Europe were thriving, the once vigorous 
trading of younger scientists between the 
United States with Western Europe and 
Great Britain appeared to be losing 
momentum. 

Long considered a vital aspect of scien- 
tific training for the best and the brightest, 
travel abroad to laboratories at the fore- 
front of their fields had produced great 
science. Exuberant biographical accounts 
of the odyssies of physicists and molecular 
biologists — people such as Rabi, Szilard 
and Watson — have dramatized the scien- 
tific benefits of collaboration and 
competition among members of inter- 
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national networks of scientists. Is this 
changing? the workshop asked. Are fewer 
young Scientists repeating the feats of their 
elders? Have the telephone and telex as well 
as rapid publication methods replaced the 
need to travel or are J.D. Bernal’s words 
from 50 years ago still valid: ‘‘In spite of 
the best system of publication that can be 
devised, physical and mental techniques 
can generally be best transmitted by direct 
experience’’? 

As a member of the Board for the Inter- 
national Exchange of Scientists, I have 
interviewed several scores of scientists in 
Europe and the United States, the majority 
of whom thought that on average older 
scientists travelled where and when they 
wanted. It was the younger scientists who 
were not being brought into the inter- 
national science networks. In most 
instances the opinions were based on 
changes observed in a particular laboratory 
or impressions from colleagues at pro- 
fessional meetings. 

These impressions are supported by an 
analysis of data! from an annual study of 
PhD recipients in the United States which 
demonstrated that the numbers of first- 
year postdoctorals in science going abroad 
to Europe had indeed peaked in 1971 and 
continued to decline until 1979. However, 
first year postdoctorals are only a small 
percentage of postdoctorals carrying out 
research abroad; the majority travel during 
their third to fifth postdoctoral years. The 
data were, therefore inconclusive’. 

A second study by the National Science 
Foundation (NSF) revealed that a drop in 
foreign fellowship awards for a more 
comprehensive group — university faculty 
members — had already occurred by 1970. 
For example, between the early sixties and 
1970, the numbers of American scientists 
going to Germany with NSF support had 
dropped by 77 per cent, to France 89 per 
cent and to the UK 72 per cent. Again, 
however, the findings were inconclusive: 
the numbers are small and the NSF is only a 
minority source of foreign fellowship 
funding. 

In short, data to validate people’s 
perceptions about the downturn in US 
research-related travel abroad were either 
not available, too expensive to retrieve 
(and those who dutifully wrote evaluation 
reports for NSF postdoctoral awards spent 
abroad were dismayed to learn that they 
had been filed, unanalysed, in the base- 
ment of the State Department) or, like 
immigration records, too crude. 

At the workshop, the Royal Society 
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produced figures demonstrating the reality 
of the suspicion that there has been a 
dramatic reduction in the numbers of 
Americans going abroad*. For example, at 
Imperial College the number of US and 
Canadian senior visiting scientists 
spending at least three weeks at the college 
had dropped from 32 in 1965-66 to 12 in 
1980-81. These figures also revealed how 
successful the ESF had been in stimulating 
intra~-European exchanges; over the 
same period, the numbers of visitors had 
risen from 3 to 22. 

The ESF director, J. Goormaghtigh, was 
less Sanguine about the upsurge in numbers 
of intra-European exchanges. Like the 
majority of the participants, he reported 
that all was not well. The quality of scien- 
tific research was likely to be impaired by 
the ageing of scientists, the shortage of 
positions for young scientists and the con- 
sequent risk of there being a lack of highly 
qualified young people in the near future. 
He noted a growing tendency towards 
immobility based not on economic but 
psychological and institutional problems. 
Young people in large countries were 
suffering from acute job insecurity and did 
not like to leave their home countries for 
fear of losing employment opportunities. 
The participants wondered whether 
nationalism was extending into the world 
of science and engineering. The smaller 
countries on the other hand — the 
Netherlands, Sweden and Denmark — 
appeared to be keeping up their travel, 
science budgets, as evidenced by their 
participants’ formidable language skills. 

The workshop agreed that a primary 
goal should be to devise programmes that 
will encourage young people to travel and 
be protected for their next appointments. 
A more precise participant asked: *‘Do we 
want more mobility or better science? If 
you're at the centre of excellence, you 
don’t have to travel around a lot, The 
participants also agreed that there should 
be continuing efforts to study industrial 
mobility as well as intersectoral mobility. 

The consensus at the workshop appears 
to have been purchased by making the 
social sciences the scapegoat. When several 
of the participants (notably those from the 
Netherlands and Denmark), themselves 
natural scientists, objected to what they 
considered an arbitrary decision to ignore 
the social sciences and the humanities in the 
meetings, they provoked a virulent attack 
on Social science from a NATO official 
who argued that the social scientists were 
not deserving of support, that their work 
was inconsequential and sometimes even 
destructive. Lost on the attackers was the 
irony that the very questions raised at this 
meeting — questions about psychology, 
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culture, the impact of political decisions on 
the practice of science — were in fact social 
science questions and would in time be 
answered, if they could be answered, using 
those methods. The workshop also recom- 
mended that its findings should be given 
wide publicity, so that members of the 
scientific and engineering communities 
would be alerted to the threats to the well 
being of science if international activity 
declines. Those with data on the topic were 
asked to send it to the Committee on Inter- 
national Human Resources at the National 
Academy of Sciences in Washington, DC 


where Walter Rosenblith, the chairman of 
the workshop, is attempting to establish a 
data bank to help foster United States 
exchanges with Western Europe and 


Japanese colleagues. Cj 
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Thermochronometry 


from Martin Dodson 


THE INTERPRETATION of isotopic ages 
would be a relatively simple matter, were it 
not for the ease with which many of the 
products of radioactive decay are lost from 
their host minerals, even at temperatures 
well below those at which the minerals were 
formed. Radiogenic strontium and argon 
may migrate into adjoining minerals or 
into the inter-granular fluid; fission tracks 
may disappear by annealing of the 
damaged crystal lattice: on slowly cooled 
samples therefore measured mineral ages 
are often much lower than the age of 
crystallization. 

That this might be exploited to 
determine large-scale cooling history was 
first demonstrated by the Berne group! on 
Rb-Sr ages of micas from the Central Alps. 
High grade metamorphic rocks, 
metamorphosed at least 28 Myr ago (the 
oldest age obtained), gave biotite mica ages 
ranging from 6 to 25 Myr; muscovite 
micas, though fewer in number, were 
typically 6 to 8 Myr older than cogenetic 
biotites. The results were interpreted as 
dates of cooling through characteristic 
“blocking temperatures’’, 300 + 50°C for 
biotite, and 500 + 50°C for muscovite. 
Subsequently the picture has been filled in 
by K-Ar data for the micas (blocking 
temperatures 300°C for biotite, 350°C for 
muscovite) and SU fission track ages on 
apatites (blocking temperature about 
120°C) to yield a fairly complete and self- 
consistent picture’. 

Erosion and uplift rates, believed to be 
roughly in balance, were inferred in two 
ways. Linear increase of fission track ages 
with altitude of sample location was 
observed, and gave direct estimates in the 
range 0.2 to 1.1 mm yr“; the excellent 
linear relationships also show that the 
present surface topography is much 
younger than the apatite ages. Similar rates 
are obtained from the ratio of cooling rate 
(blocking temperature divided by age) to 
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the estimated geothermal gradient. Past 
uplift rates appear to have been in some 
regions faster, in others slower, than 
present rates. In the Simplon area, where 
the fastest recent rates are observed, the 
anomalously high heat flow, which had 
previously been difficult to explain, can 
now be understood as a near-surface 
transient due to rapid erosion’. 
Furthermore, uplift rates deduced from the 
geochronometric data are consistent with 
those determined by geodetic 
measurements over the past few decades. 
The concept of blocking temperature, 
central to such interpretations, is still 
highly problematic; not all geochrono- 
logists would agree that temperature is the 
key variable in the closure of a geochrono- 
meter, and those who do would not all 
agree on the blocking mechanism. 
However, for the fission track method 
there is no reason to doubt that the strong 
temperature sensitivity of lattice annealing 
rates is the controlling factor. Tempera- 
tures predicted theoretically by extra- 
polation from laboratory annealing data 
are supported by a remarkable direct 
measurement: data from a deep borehole 
at the Eielson Air Force Base, Alaska, 
showed a linear decrease in apatite fission 
track age with increasing depth, down to 
nearly zero at the base of the hole; a small 


extrapolation gave zero age at a 


temperature of 105°C, the inferred block- 
ing temperature at this sitet. The results 
imply a constant rate of uplift and erosion 
(~0.05 mm yr'), deeper samples having 
cooled more recently through the 105°C 
isotherm. The slow cooling rate, compared 
with the Alps, may explain the slightly 
lower blocking temperature. 

When we consider blocking 
temperatures for Rb-Sr and K-Ar systems 
we find few signs of aconsensus. The Berne 
group chooses to infer blocking temper- 
atures of micas from the mineral assem- 
blages associated with ‘‘mixed ages”, given 
by partly updated Hercynian micas in the 
zone of low-grade Alpine metamorphism. 
Implicitly they assume that temperatures 


of opening of those micas during the 
Alpine thermal pulse are the same as 
closure temperatures of the same species 
during slow cooling of the high-grade 
rocks. (Indiscriminate use of the term 
“blocking temperature’’ tends to foster 
this risky assumption and perhaps, there- 
fore, should be discouraged.) An alter- 
native approach supposes the closure of 
minerals to be controlled by temperature- 
sensitive volume diffusion processes’. 
Assuming the Arrhenius law to be obeyed 
(D = Dye *’®") this work yielded a 
reasonable result for closure of ~ Imm 
Alpine biotites, but failed to explain why 
very large (^10 cm) fissure biotites should 
yield the same age, and therefore have the 
same closure temperature, as biotites from 
the relatively fine-grained host rock. This 
points up one of the problems involved in 
studying diffusion minerals: diffusion 
geometry does not necessarily correspond 
to observed grain geometry. Other major 
uncertainties concern boundary 
conditions, which will depend infer alia on 
the presence and kind of fluid phase, the 
effect of other diffusing species competing 
for lattice defects, and the possible 
influence of temperature history on the 
defect structure of the lattice. Not sur- 
prisingly, good experimental data on 
diffusion are hard to come by, and the 
application of diffusion theory to mineral 
closure is decidedly not a routine matter. 
Ideally, one would of course like to 
measure diffusion parameters on the actual 
samples which one is dating. Although at 
first sight a counsel of perfection, this 
approach has in fact been used by Berger 
and York in recent work on the Grenville 
Province® from which the title of this 
article is taken. They used the **Ar-@Ar 
method, a variant of the K-Ar method in 
which 39K is converted to *%Ar by 
bombardment with fast neutrons. The key 
to their approach lies in the way argon is 
extracted from such irradiated samples by 
means of stepwise temperature increase. 
Isotopic analysis of the gas extracted at 
each step gives an age ‘‘spectrum’”’ for each 
sample, and so provides a way of'elimina- 
ting from the age calculation those com- 
ponents of the argon which give 
anomalously high or low ages. Its impor- 
tance in the present context is that it also 
provides a complete diffusion experiment, 
and therefore an independent estimate of 
closure temperature, for every sample. By 
careful analysis of P Ar-®Ar experiments 
on hornblendes, biotites, orthoclase and 
plagioclase feldspars, Berger and York 
were thus able to estimate a cooling curve 
extending over the time range 1,000 to 500 
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Myr, with closure temperatures from 
700°C to 200°C. This curve was used to 
draw important conclusions concerning 
the palaeomagnetism and polar wander 
path of Laurentia in the Upper 
Palaeozoic’. 

It is easy to think of reasons why such an 
application of *°Ar/*Ar data may be 
invalid. The glaring difference in boundary 
conditions, between the laboratory, where 
argon is extracted in vacuo, and the deeply 
buried rock, is the most obvious. The fact 


remains that Berger and York have 
obtained plausible and self-consistent 
results, and have pointed the way for other 
workers using the *?Ar/“Ar method to 
make similar analyses of their data. It is, 
however, very important to try to relate 
such results to thermochronometry based 
on other dating methods; only when a 
number of completely independent 
chronometric systems give mutually 
consistent results will it be possible to 
accept such cooling curves as definitive. © 


The study of temperament 


by Robert A. Hinde 


THE development of adult personality 
depends to a considerable extent on 
experiences in childhood, most of which 
occur in the context of relationships with 
parents, siblings, peers and other im- 
portant figures in the child’s life. The 
nature of those relationships are influenced 
by, and in turn influence, the personalities 
of the individuals involved. To understand 
the bases of adult personality we must 
come to terms with this dialectic between 
individual characteristics and relationships 
which starts at birth and continues through- 
out life. That in turn requires hard-headed 
methods for measuring differences 
between individuals. 

One approach has been to focus on 
characteristics of ‘temperament’ — the 
style of individuals’ behaviour rather than 
what they actually do. Although the study 
of temperament has a history longer than 
that of medicine, it was not until the 1950s 
that A. Thomas, S. Chess and the late H. 
Birch, developed a nine-variable frame- 
work within which dimensions of 
temperament could be reliably assessed. 
The dimensions concern such issues as how 
active the individual is in a variety of 
situations, how readily he (or she) adapts to 
new situations, whether his mood is fairly 
even through the day or subject to wide 
swings, whether his basic rhythms of 
eating, sleeping and bowel movement are 
regular or irregular, and so on. Thomas, 
Chess and Birch showed that individual 
differences in such matters could be 
reliably identified soon after birth and 
assessed throughout childhood. 

Thomas and Chess were present at a 
recent CIBA foundation conference* at 
which clinicians, psychologists and 
geneticists attempted to assess the current 
status of the approach. Not surprisingly, a 
central issue was that of measurement. The 
early work had taken advantage of parents’ 
intimate knowledge of their children’s 





*The conference was organized by Ruth Porter for the Ciba 
Foundation, under the chairmanship of Michael Rutter 
(institute of Psychiatry, London) and was held at the Ciba 
Foundation, London 22-24 September 1981. The Proceedings 
are to be published by Pitman Books, London. 
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behaviour over a wide span of time and 
Situations and used interviews with them to 
obtain data on aspects of their children’s 
behaviour relevant to the several 
dimensions of temperament. A number of 
variants, employing interviews, 
questionnaires, a variety of behavioural 
items and diverse methods of statistical 
analysis have since been developed. In 
particular, the primary dimensions have 
sometimes been pooled to provide indices 
of the extent to which a child is ‘Slow to 
warm up’ in strange situations, and how 
far he is likely to prove ‘Difficult’ for his 
parents to handle. Whilst there is still need 
to explore new methods, the utility of the 
original scheme was apparent from the 
data presented and although parents might 
seem to be potentially unreliable witnesses, 
data obtained by independent observers of 
behaviour in the home showed significant 
patterns correlations with temperamental 
characteristics assessed from maternal 
interviews. 

Individual differences in temperamental 
characteristics are unlikely to be useful 
unless they show at least some degree of 
consistency over time. There is little 
dispute that, after the age of three, 
considerable consistency over periods of 
months and even years can be demon- 
strated fairly readily. Indeed Thomas and 
Chess presented data showing some 
continuity in temperamental] 
characteristics from age 4 to young 
adulthood. Earlier in life the evidence is 
more equivocal: M.O. Huttenen (Helsinki) 
showed significant but low correlations in 
temperamental characteristics between 
ages 6 months and 5 years. 

In part because temperamental diffe- 
rences are present at birth, it has usually 
been assumed that they have a 
constitutional basis, being largely 
determined by genetic factors or by fetal or 
perinatal experience. Some of the most 
interesting discussion at the meeting 
concerned this issue. Data provided by R. 
Q. Bell 
Charlottesville) indicated that an 
aggressive/impulsive temperament factor 
is reliably associated with minor physical 


(University of Virginia, 


anomalies. Since there are large s$ 
differences in the proportion of ch 
showing both physical anomalies a 
extremes of temperament, a defect in 
genetic transmission may be involved: 
temperamental differences may thus be 
genetic but not heritable. Both the 
importance of heritable genetic 
differences, and the shallowness of asking 
whether temperamental traits are or are not 
genetically determined, has been 
demonstrated in several comparisons of 
mono- and dizygotic twins. For example A. 
M. Torgersen (Ulleval Hospital, Oslo) 
demonstrated not only that the nine 
temperamental characteristics differed in 
their heritability —— environmental 
influences being of considerable 
importance for some and of much less 
significance for others — but also that their 
heritability may vary with age. Thus 
differences in temperamental charac- 
teristics may be genetically based, yet the 
degree of genetic influence may vary. 
Furthermore, as R. Plomin (University of 
Colorado) emphasized, the important 
sources of environmental variance may 
differ between family members, so that 
intrafamily variance is as great as that 
between families. — 00000 

In any case, temperamental charact- 
eristics may be important in personality 
development even if they do not depend on 
genetical factors, and even when they show 
limited consistency across age. There is, for 
instance, considerable evidence for a 
relation between temperamental and other 
differences in children and the 
development of behaviour problems either 
concurrently or later in childhood. For 
instance I. Kolvin (Nuffield Psychology 
and Psychiatry Unit, Newcastle Upon 
Tyne) demonstrated an association 
between overt aggressiveness in adolescent 
boys and a particular pattern of 
temperamental characteristics. However, 
the developmental course of such problems 
may involve a complex interplay between 
the individual and his relationships with 
others. In a study reported by 8S. Wolkind 
(London Hospital, London), children 
assessed as ‘Difficult’ at 4 months were 
more likely to develop behaviour problems 
at 42 months. However, the incidence of 
behaviour problems at 42 months related 
also to the mothers mental state, being 
greater in children of depressed mothers. 
The evidence suggested that an infant with 
a difficult temperament could affect his or 
her mother’s later mental state to a degree 
that might affect the course of the child's 
subsequent development. 

Understanding of this complex interplay 
between the infant’s temperament and 
relationships with family members requires 
detailed study. In separate studies J. Dunn 
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and J. Stevenson-Hinde (MRC Unit on the 
Development and Integration of 
Behaviour, Cambridge) demonstrated 
correlations between children’s 
temperament and their interactions with 
and feelings about their mothers and other 
family members. Such effects also operate 
outside the home, for temperamental 
characteristics are related to interactions in 
the pre-school period. 

Although studies of temperament in the 
development of personality are only just 
beginning, they have already been widely 
used by clinicians. W. Carey (University of 


Pennsylvania, Philadelphia), who himself 
developed several widely used tem- 
perament scales, discussed how tem- 
perament assessments could assist pae- 
diatric practice both in facilitating the 
identification of potentially difficult 
children and in fostering parental 
understanding of difficulties. Further- 
more, B. Keogh (UCLA) showed that 
teachers’ assessments of children are 
affected by temperamental differences 
between them, indicating that an 
understanding of temperament is 
important also for educationalists. 


Seasat: space-age oceanography 


from George H. Born 


SEASAT, the first satellite designed to assess 
the valve of microwave sensors for remote 
sensing of the world’s oceans, was 
launched on 27 June, 1978. The satellite 
operated successfully until 10 October, 
1978, when a power failure brought trans- 
mission to a stop. Despite its short lifetime, 
Seasat acquired a wealth of data on sea- 
surface winds and temperatures, ocean 
wave heights, internal waves, atmospheric 
water content, sea ice, topography of the 
ocean surface and shape of the marine 
geoid. Analysis of these data has demon- 
strated the success of Seasat in accurately 
measuring, on a global scale, important 
oceanographic parameters from space. 

Five sensors were carried on-board the 
satellite: (1) a radar altimeter to measure 
sea-surface topography, ocean wave 
height, and wind speed; (2) a scanning, 
multi-channel, microwave radiometer 
(SMMR) to measure sea-surface 
temperatures (SST), wind speed, and 
atmospheric water content; (3) a wind-field 
Seasat-A satellite scatterometer (SASS) to 
measure both the magnitude and direction 
of the wind speed; (4) a synthetic aperature 
radar (SAR) for imaging the ocean’s 
surface at radio frequency to measure wave 
heights and wave directions, and to 
recognize sea-ice features; and (5) a visible 
and infrared radiometer (VIRR) to provide 
information on cloud conditions. 

For the past three years, an international 
team of scientists and engineers has been 
evaluating the performance of the Seasat 
sensors and analysing the data they 
produced. At the 1981 spring meeting of 
the American Geophysical Union, about 
50 presentations employed Seasat data and 
here some of the highlights of that meeting 
as well as other recent research involving 
the altimeter, SMMR, and SASS will be 
discussed. 

Understanding the general circulation, 
which governs the ocean’s contribution to 
the global heat transport, is a fundamental 
problem facing oceanographers and here 
satellite altimetry can be of great value. The 
radar altimeter on Seasat measured the 
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distance to the ocean’s surface with a 
precision of 5-7 cm (compared with the 
1-2 m on Skylab and 30-40 cm on GEOS-3). 
With appropriate corrections the elevation 
of the ocean’s surface relative to the geoid 
can be computed. After removing tidal 
effects, this topography is a manifestation 
of the surface pressure field from which the 
absolute value of the surface geostrophic 
velocities can be computed. Knowledge of 
the surface pressure field, combined with 
conventional in-water measurements of 
conductivity and temperature as a function 
of pressure, allows calculation of velocity 
profiles with depth. 

Inaccuracies in our knowledge of the 
marine geoid currently prevent the deter- 
mination of mean (time-averaged) circu- 
lation on a global basis. However, the time- 
variable component of ocean circulation 
on a global basis. However, the time- 
variable component of ocean circulation is 
being studied successfully by using Seasat 
altimeter data. Surface topography vari- 
ations, as defined by differenced altimeter 
data from Seasat orbits with repeated 
ground tracks, depict mesoscale variability 
in ocean circulation patterns. Also, the 
combination of ocean circulation of ocean 
circulation measurements and wind fields 
such as those from the SASS will allow 
hypotheses of the linkages between the 
ocean circulation and the wind stress curl to 
be tested. 

Synoptic SST maps have been obtained 
using data taken by the Seasat SMMR. 
With certain restrictions, temperatures 
from these maps have been proved 
accurate to +1°C over arange of 10 to 30°C 
when compared with ship, buoy, and 
bathythermograph data. At present, this 
accuracy is obtained by excluding data 
when continental boundaries are within 
600 km of the instrument swath, or when 
the 6.6 GHz channel is contaminated by 





George H. Born is Seasat Geophysical Evalu- 
ation Manager at the Jet Propulsion Labor- 
atory, California Institute of Technology. 


radio-frequency interference, or in con- 
ditions of rain or sunglint. These restric- 
tions may be eliminated in future missions 
by improved instrument design and data 
processing. 

Monthly averages of SMMR SSTs are 
within 0.6°C of monthly averages of ship 
data. SMMR provided SST monthly 
averages more accurate than of conven- 
tional data because of the greater density of 
coverage. By sampling most of the world’s 
oceans at least twice every 3 days for 3 
months, the Seasat SMMR made almost a 
million SST measurements — a number 
comparable to all of the conventional SST 
measurements made during the past 50 
years. 

Wind fields from the Seasat scattero- 
meter, have been demonstrated to be 
accurate to +2 ms"! in magnitude and +20° 
in direction for winds from 2 to 24 ms. 
However, the SASS wind measurements 
are obtained with as many as four wind 
speed directions, only one of which can be 
correct. Additional man-in-the-loop 
meteorological interpretation and 
processing will be required to remove the 
direction ambiguity. This problem can be 
eliminated at least 95 per cent of the time by 
including two additonal antennas on future 
instruments. 

Because of the lack of conventional 
observations, critical weather phenomena 
frequently pass undetected or are mis- 
located. The wind fields derived from 
scatterometer data give accurate location 
of weather features such as highs, lows, 
fronts, and tropical storms and hurricanes 
can be located to within 25 to 50 km. 

Use of Seasat scatterometer data may 
also improve storm prediction. In several 
instances scatterometer windfields indenti- 
fied low-pressure areas that developed into 
destructive storms as much as 12 to 24h 
before they were detected by conventional 
observations. In September 1978, a 
rapidly developing storm in the North 
Atlantic was responsible for the des- 
truction of the fishing trawler Captain 
Cosmo and the loss of its crew. In the same 
storm the Queen Elizabeth IT suffered con- 
siderable damage and about twenty passen- 
gers and two crew members were injured. 
This storm intensified by a factor of 16 in 
just 24 hours. Although the conventional 
weather forecast predicted 2 to 3-m waves, 
the Queen Elizabeth I] was pounded by 10 
to 12-m waves, with occasional waves up to 
16 m. Subsequent analyses suggest that 
Seasat data could have given advance 
warning of the development of the storm. 

Comparison of Seasat data with in situ 
observations demonstrates that, with rela- 
tively minor exceptions, pre-launch 
accuracy specifications have been met or 
exceeded. Some problems with sensors and 
data products have been discovered, but 
these have either been solved in the course 
of the data analysis, or could be resolved by 
modifications to the sensors. As a mission 
to test microwave surveilance of the 
oceans, Seasat was an outstanding success. 
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Pressure demagnetization of rocks 


Jrom A.E. Mussett 


IN THE EARLY DAYS of palaeomagnetism a 
major problem was whether rocks can 
retain their magnetization unaffected over 
millions of years. It was suggested that one 
of the many factors that might affect the 
magnetization is stress, and Graham! 
argued that, because of magnetostriction, 
igneous rocks might be affected by cooling 
stresses, and sediments by the loading and 
unloading of overburden. He went on to 
show in the laboratory? that uniaxial stress, 
equal to the weight of acolumn of rock half 
a kilometre high, changed the intensity of 
magnetization of most rocks, by up to a 
quarter or more, with accompanying 
directional changes. This stimulated 
research in a number of laboratories in the 
late 1950s, with the conclusion that though 
stress could affect magnetization it 
affected only the softer components and is 
roughly equivalent to applying an 
alternating field. With the development of 
routine ‘cleaning’ techniques it ceased to be 
a bogey and interest in the effects of stress 
largely faded, with the exception of its 
possible use as a harbinger of earthquakes. 

The early work was concerned chiefly 
with the direction of magnetization, vital 
to such problems as the reality of 
continental drift, but in recent years 
interest has extended to intensity as well. 
Pearce and Karson? have conducted some 
experiments that indicate that pressure 
may well play an important role in 
Situations of high pressure but low 
temperature, as may be found in 
subduction zones, meteorite impacts and 
the interiors of small, cool planetary 
bodies. They have used much higher 
pressures than did the earlier experimenters 
(up to 20 kbar, equivalent to about 60 km 
depth) and hydrostatic pressure, which is 
more realistic than uniaxial stress for great 
depths, but only investigated the effects of 
Stress applied in near-zero fields. Broadly, 
their results confirm the earlier conclusions 
but with rather more pronounced effects. 
For instance, coercivities affected exceeded 
0.05 T (S00 oe) for some rocks and 
sometimes over half the natural remanence 
was removed. Such large effects are 
surprising with hydrostatic pressure 
because, for magnetostriction to operate, 
there needs to be a change of shape rather 
than size. Some of the effect may be due to 
the relation of the grains to the matrix in 
which they are embedded: if there is a 
difference in the elastic properties of grains 
and matrix an external hydrostatic pressure 
on the rock will generate non-hydrostatic 
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forces on the grains, unless the grains have 
a high degree of symmetry. Indeed, Pearce 
and Karson confirmed this by showing that 
samples in jackets, which prevented fluid 
flowing into cracks and pores and so 
tended to produce true hydrostatic 
pressure on the grains, showed larger 
demagnetization than unjacketed samples. 
But this cannot be the whole explanation 
for magnetite powder suspended in oil still 
showed a large effect. The authors offer, as 
a partial explanation, the known decrease 
of both the magnetostrictive constant and 
the anisotropy with increasing hydrostatic 
pressure, and they point out, therefore, 
that, their high hydrostatic pressure would 
enhance the effect of any residual uniaxial 
stress, or changes of magnetization by any 
process, for that matter. 

Pearce and Karson suggest that pressure 
magnetization may help to explain the 
absence of magnetic anomalies near 
oceanic trenches, and limit the depth to 
which magnetization can occur in a cool 
planetary interior. They also suggest it may 
play a part in remagnetization by meteorite 
impacts. Another question that comes to 


mind is what effect it may have on 
determinations of palaecitensities. Shaw’s 
method* may have an advantage here over 
Thellier’s method’ since it usually entails 
demagnetizing samples to quite large 
alternating fields. 

The ideas of Pearce and Karson are 
plausible; now they need to be sub- 
stantiated. For instance, what happens if 
the Earth’s field is present when pressure is 
applied? Further, how is pressure 
magnetization and demagnetization at 
these pressures affected by the rate of 
application and the duration of the 
pressure, since nature acts more slowly 
than most experimenters. Domen®, more 
persistent than most of us, has conducted 
an 11-year experiment and claims that time 
is an important factor. It also would be nice 
to have a better understanding of what is 
happening, though this may be asking too 
much, for our understanding of rock 
magnetism is still madequate. Best of all 
would bea geological test of their ideas, © 
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Chemolithotrophic carbon dioxide : 
fixation in tube worms — : 
symbiotic primary production | 


from Don P. Kelly 
THE chemolithotrophic bacteria have 
long been recognised as contributing to 
primary production through carbon 
dioxide fixation independent of solar 
energy. Sulphide-oxidising chemolitho- 
trophs were subsequently shown to be at 
the base of food chains on hydrothermal 
vents in the Galapagos Rift! and enable 
the growth of dense animal populations. 
A significant part of the carbon of 
Galapagos Rift mussels is derived from 
dissolved inorganic carbon apparently 
incorporated from filter feeding on such 
chemolithotrophs*. Recently most 
exciting observations have been made, 
_ Showing that carbon dioxide fixation by 
chemolithotrophic bacteria seems to be 
the principal source of carbon for the 
vestimentiferan tubeworms such as 
Riftia’*. These have been shown to 
contain chemolithotrophic bacteria in 
their tissues and consequently to have 
active CO,-fixing Calvin cycle enzymes 
actually within the animal body. In: this 
issue (see p.616) Southward et al. have 
extended these studies to the smaller 
members of the phylum Pogonophora 
from various habitats. These animals lack 
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mouth, digestive tract and anus and con- | 
sequently pose intriguing questions. 
regarding their nutrition. The. 
demonstration of bacterial cells in their: 
tissues and the presence of high levels of 
ribulose bisphosphate carboxylase 
indicated that the autotrophic fixation of 
carbon dioxide is significant in these 
marine worm-like animals. The UC/@C 
ratios in this and in other studies’ suppor: 
the view that much of the organisms’ 
carbon could be derived from carbon 
dioxide. A picture is thus emerging of 
carbon nutrition among marine animais | 
that may benefit from bacterial) | 


















carbon dioxide fixation not only in 
sulphide-rich environments but also in 
habitats where low levels of chemolitho- | 
trophic nutrients are available. Such 
symbiotic associations are clearly ableto 
conserve to a high degree the total energy | 
and carbon available within an 
ecosystem, and widen further eur 
understanding of the role of 
chemolithotrophic bacteria in ihe) 
environment. | 
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Time to buy a squid? 


from Hilton Stowell 


THE past decade has witnessed the evolu- 
tion of the once esoteric art of ‘gross 
evoked potentials’ into the profitable bio- 
medical technology of ‘event related brain 
potentials’ (ERBP). The new name is both 
more accurate and more informative. The 
essential difference between traditional 
electroencephalography (EEG) and ERBP 
is this: Whereas the EEG looked at the 
electrical activity of the whole brain, for 
many seconds of time, and in much 
ignorance of what that particular brain was 
doing during that time, ERBP examines 
the electrical activity of cooperating 
networks of cortical neurones when, and 
only when, they are responding to specific 
and controllable inputs or outputs of 
information. 

As often happens in the history of 
science, technological innovation has 
improved our appreciation of a theoretical 
problem. Before the invention of the 
‘signal averager’ there was little under- 
standing of the importance of timing for 
cerebral events, except perhaps among a 
handful of psychophysicists; it had been a 
sufficient achievement, in the time of Hans 
Berger and Lord Adrian, to make the 
brainwaves visible without penetrating the 
skull. Then the computer of average 
transients spotlighted time, often at the 
expense of space; the spatial resolution of 
ERBP is notoriously weak. 

Now, perhaps the most significant 
technical advance since the birth of the 
‘signal averager’ has ocurred. This new- 
comer is the superconducting quantum 
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100 years ago 


THE INTERNATIONAL EXHIBITION 
AND CONGRESS OF 
ELECTRICITY AT PARIS 






Exhibition of Electricity is certainly the 
arrangement for the telephonic hearing of 
theatrical performances which has been 
organised by the Société Générale des 
Téléphones. By means of an electrical 
connection which has been established 
between the Opera, the Théâtre Français, and 
the Exhibition Palace, it has become possible 
to hear in the most complete manner the pieces 
played on our two principal dramatic stages. 
The singing of the Opera especially has a fairy- 
like effect, and all who have been so fortunate 
as to penetrate into the sanctuaries reserved 
for these hearings go away astonished and 


the Thousand and One Nights. The effect is in 


Opera House itself. 
From Nature 24, £85, October 20, 1881 
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One of the greatest successes of the 


enchanted as if they had come froma dream of 


fact captivating; for the singing of the Opera is 
positively better heard in this way than in the 


interference device (SQUID). Originally a 
geologist’s instrument for detecting very 
weak magnetic fields, the SQUID has been 
applied to the analysis of human 
brainwaves since around the mid-nineteen- 
seventies in the United States. It is now 
accepted, both in the United States and in 
Europe, as a necessary adjunct to 
conventional electric-field recording'~*. 
Why is it useful? 

The SQUID attacks ERBP methods at 
their weakest point, which is the accurate 
determination of cerebral sources and 
sinks; and the inference therefrom of 
cortical dipole origins for specific temporal 
components of the sequence of voltage 
polarity reversals which make up an 
‘evoked potential’ of the brain. Its ability 
to do this* depends, in the first place, on 
two elementary physical properties of the 
magnetic field associated with every 
electric current: First, the magnetic field 
strength attenuates faster with distance 
from its origin than does the electric field; 
second, it is neither attenuated nor smeared 
by low-conductivity tissues such as the 
skull. A more trivial advantage of magnetic 
gradiometry is its obvious ability to do 
without skin-contact electrodes on the 
scalp, and without that pervasive nuisance 
of traditional electroencephalography, the 
hopefully ‘neutral’ or ‘indifferent’ 
reference electrode on an earlobe, nose-tip, 
or more distant part of the body which in- 
evitably picks up the ECG also. Moreover, 
what might seem to be the gravest dis- 
advantage of measuring very weak magntic 
fields turns out to be yet another advantage 
over traditional ERBP and EEG. No 
magnetic shielding is needed in ordinary 
suburban environments’. The asymmetric 


gradiometry technique is sensitive only to 
the magnetic field difference between its 
two linked, asymmetrical loops, while 
rejecting components of the magnetic field 
common to both. Of course, like its rough 
analogue the a.c. differential amplifier, the 
SQUID’s common mode rejection is 
limited. You don’t put your stimulating 
equipment close to the subject’s head, or 
set up your ERBP laboratory next doortoa 
large magnet. But the magnetic fields of 
neural generators close to the scalp can be 
quite sharply localized by a SQUID sitting 
1.5cm off the scalp. 

Now for the disadvantages: the SQUID 
double-loop must sit within a dewar of 
liquid helium, and this limits manoeuvre- 
ability whilst increasing cost. Worst of all, 
data must be signal-averaged from only 
one gradiometer at a time. So scalp 
topography must be done serially rather 
than in parallel from a large array of con- 
ventional EEG electrodes. The absence of 
messy scalp-preparation and electrode- 
sticking may bring a slight compensation in 
time-saving. 

At the time of writing there may be half- 
a-dozen ERBP laboratories systematically 
using SQUIDs in the United State and 
perhaps two or three in Europe (one in 
Finland certainly). I predict that within five 
years it will be difficult to publish useful 
‘human evoked potential’ data without 
one. 
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Local structure of silicate glasses 
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Extended X-ray absorption fine structure is used to study local order in silicate glasses around sodium and silicon atoms. It is 
demonstrated that modifying cations like sodium have well-defined short range order that is complementary rather than 


incidental to the glass forming silicate network. 





THE structure of SiO, and the silicates is dominated by the 
invariance of the SiO, pyramid unit. In the crystalline poly- 
morphs of SiO, (ref. 1) as well as in silica itself? the Si-O bond 
length is 1.61 A and the O-Si-O bond angle is 109.4°. Because 
in each case the connectivity of the network is complete, 
differences in overall structure relate to variations in the Si-O-Si 
bond angle and to various dihedral angle or bond rotation 
configurations. In the crystalline state these variations are dis- 
crete and systematic and long-range order is achieved: in the 
glassy state they are random and long-range order is lost. This is 
the basis of the continuous random network model (CRN) 
proposed originally by Zachariasen? and realized in later 
modelling studies*”. 

In silicates, modifying cations such as Na* and Ca” break up 
the three-dimensional SiO, network. In the crystalline state they 
promote layered and chain structures and the diversity of the 
minerals. In the amorphous state they lower the melt viscosity 
and enable stable glasses to be formed. Despite the structural 
upheaval the same SiO, tetrahedral unit present in SiO, persists 
in the silicates. 

Although X-ray and neutron diffraction studies’ of silica’ and 
silicate glasses” have verified the tetrahedral coordination of 
oxygen around silicon they have been unsuccessful in deducing 
anything definite about the oxygen ligands surrounding modify- 
ing cations. This is due to the need to disentangle several pair 
correlation functions from the total diffraction intensity, a prob- 
lem which in principle could be overcome using isotopic substi- 
tution or anomalous dispersion techniques. Thus the total radial 
distribution function has been calculated which is dominated by 
the well-defined and more numerous Si-O and O-O distances of 
the SiO, unit; these mask any modifier~oxygen correlations. All 
the atomic pairings are, however, separated in the extended 
X-ray absorption fine structure (EXAFS) technique: Si-O dis- 
tances are restricted to the Si EXAFS spectrum, Si-O and O-O 
distances feature in the O EXAFS spectrum’ but neither Si-O 
nor O-O distances will make a direct contribution to the 
EXAFS spectrum of a modifier. 

We have examined the K-edge of sodium in sodium disilicate 
(Na.Si,O;) and the ‘universal’ soda-lime-silica glass 
Na,CaSi,O,.; each glass presents a very definite EXAFS spec- 
trum establishing directly for the first time the oxygen coor- 
dination of sodium modifiers in silicate glasses. We have also 
measured silicon K-edge EXAFS in a- quartz and silica. Results 
corroborate diffraction data’* and demonstrate the reliability of 
EXAFS for studying multi-component solids of low atomic 
number. 


Spectroscopy 


X-ray absorption spectra of the K-edges of silicon (6.75 A) and 
sodium (11.49 A) were measured using the soft X-ray mono- 
chromator at LURE”. This is a high vacuum instrument using 
synchrotron radiation from the 500-MeV storage ring ACO asa 
source, Low-energy radiation is filtered off from the white beam 
using a thin Be window (~1 um) and the transmitted X rays are 
then dispersed using a pair of KAP crystals (Bragg spacing = 
13.3 A) arranged in the +1 —1 configuration. The intensity of 
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the silicon K-edge and a channel plate for the sodium K-edge. 
The transmission spectra are normalized by a retrospective scan 
with the sample removed. 

In these experiments the resolving power of the mono- 
chromator, 4A/A, was limited chiefly by the photon opening 
angle of the synchrotron radiation (~10°* rad) as no entrance 
slits were used'®. At the silicon K-edge AA/A (cot 6 A@ where 8 
is the Bragg angle) is 4x 10° improving to 210° at the 
sodium K-edge. Whilst this is well matched to typical EXAFS 
oscillations (>5 eV) it is insufficient to resolve white lines fully. 
In silica the white line is reported to be 2.6 eV wide”, Spectra 
were collected with ~1 eV point separation and with a typical 
signal-to-noise ratio of 10°. Raw data for the silicon K-edge of 
a-quartz are shown in Fig. 1a, Silicon spectra were obtained at 
77 K and sodium spectra at room temperature. Further details 
of the instrument and soft X-ray measurements are given else- 
where'”"*, 

The specimen thickness ¢ necessary to achieve an optimum 
signal-to-noise ratio in transmission is given by p! ~ 1, where u 
is the absorption coefficient. u increases rapidly with 
wavelength and for third period elements between 5 and 10 A 
1/u ~3,000 A to 1 um. Whilst such sample thicknesses can be 
restrictive for crystalline specimens they pose few problems for 
glasses which can be readily blown into self-supporting thin 
films. The a-quartz specimen studied here was prepared by 
casting a sub-micrometre powder suspended in collodion onto 
the surface of water’’. To prevent prolonged exposure to air our 
films were placed under vacuum within 1h of preparation, 
during which time there was no visible deterioration. 


Analysis 


Normalized EXAFS spectra, y(E), for the silicon and sodium 
K-edges are shown in Fig. 2, Data were reduced from the 
absorbance spectra using standard techniques (see ref, 13) and 
then smoothed using a cubic spline. The raw data for a- quartz 
are presented in Fig. 1b for comparison. The most obvious 
common feature of all six spectra displayed in Fig, 2 is the 
limited range of ~400 eV. This corresponds to an upper value of 
the electron momentum k of ~10 A“! of which 2k (~20 Av) 
will be exchanged (k = V2mE/ h, where E and m are the elec- 
tron’s energy and mass respectively), The short EXAFS spectra 
reflect the weak scattering of the light-atom environment. 
Backscattering amplitudes, f(s, E) for oxygen, sodium and 
silicon are shown in Fig. 3. The analogue function in Aray 
diffraction is the form factor. An upper limit of 16 Å for the 
X-ray momentum is typical of oxide glasses’. Clearly EXAFS 
and X-ray diffraction have potentially similar precision as 
probes for short-range order in glasses. The period of the 
EXAFS oscillations, however, will not exactly match those in 
the X-ray diffraction pattern. Although they are both domin- 
ated by the radii of near-neighbour coordination shells, 
EXAFS oscillations are modified by the k-dependence of the 
phase shifts of the photoelectron as this is diffracted by the 
potential of the emitting atom and its surrounding ligands. 
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Phase shifts for silicon, sodium and oxygen are also shown in 
Fig. 3) 550 o gee wa 

The scattering parameters given in Fig. 3 were calculated 
using a Hartree-Fock muffin tin program'*’°. Starting from 
atomic wavefunctions’® this calculates the photoelectron wave- 
function for a particular atomic environment and with it the 
phase shift. The a-quartz structure was used for the silicon and 
oxygen parameters whilst the sodium parameters were cal- 
culated for an octahedral coordination. Madelung corrections 
for Si, O` and Na* were incorporated to assimilate partially 
covalent silicon—-oxygen bonds and completely ionized sodium 
cations. The emitting atom phase shifts for silicon and sodium 
givenin Fig. 2b model relaxed atoms by using atomic wavefunc- 
tions for phosphorous and magnesium respectively (Z + 1)—the 
1s hole is seen by the remaining electrons to increase the nuclear 
charge by one. 

The incoherent scattering of the photoelectron is accounted 
for in EXAFS theory’ by two damping terms: a Debye-Waller 
term exp-—(207k*) and an inelastic scattering term 
exp ~(2 VR;/k). The factor a; is the mean square relative 
displacement of the distance R, between emitting and scattering 
atoms. If there is no correlation between the motions of these 
two atoms, ge? is just the mean square displacement due to 
thermal motion’””’’. Correlation of the atomic motions due to 
long-wavelength phonons will decrease ø? below this value’”. In 
principle in an amorphous system static disorder will also add to 
o?. In the monatomic Debye model”, ø} is simply related to the 
cutoff frequency (k@/h), the atomic mass and the density. Taking 
the bond stretching frequency for Si-O (1,100 cm™ ref. 20) as a 
measure of the Debye frequency and the average atomic mass 
yields a? = 0.0019(5) Å’. This should be compared with the 
uncorrelated bond length variance obtained from pulsed neu- 
tron measurements by Misawa et al.”! of 0.0025 A? for silica and 
silicate glasses. If correlation is included oj falls to 
0.0009(3) A*. Taking a bond stretching frequency for the 
weaker Na-O bond of 240cm™' (ref. 20) yields at room 
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Fig. 1 a, Raw data for the X-ray absorption of a- quartz showing 

the silicon K-edge at 6.75 A (1.84 keV) and the EXAFS above the 

edge. b, Raw data for the normalized fine structure reduced from 
the absorption spectrum shown above. 





temperature the larger uncorrelated value of a? = 0.037 A’. 
The correlated value is 0.035 A’. o 

Inelastic losses involve the finite electron and hole lifetimes, 
For light atoms like silicon and sodium the latter is small. The 
low-energy electron, however, can excite the plasma of valence 
electrons and therefore has a self energy with a significant 
imaginary part V. Away from the energy loss peak (220 eV) this 
is approximately constant. Calculations’ indicate a value of 
~5 eV for atoms as light as silicon or sodium. 

Whilst most EXAFS parameters can be calculated fairly 
reliably two uncertainties remain: the overall quantum 
efficiency of the absorption process and the energy zero of the 
photoelectron. In the present analysis a global shake-up-shake- 
off factor of 0.8 has been used. Values of 0.7-0.8 agree with 
many other EXAFS studies™ for absorption by atoms of 
medium atomic number. For light atoms like Si or Na, however, 
we might expect a higher proportion of direct absorption events 
and hence a factor >0.8. But the good agreement obtained here 
with the known structure of a-quartz suggests that errors from 
this source are small. The energy zero of all EXAFS spectra has 
been taken at 13 eV from the turning point of the Si or Na 
absorption edges. This parameter represents the difference 
between the muffin tin zero which lies near the bottom of the 
bound states in the valence bands and the bottom of the 
conduction band where the empty states start. Tight binding 
band-structure calculations of silica and quartz” yield a similar 
figure of around 13 eV. The width of the top of the valence band 
from photoemission studies” is ~4 eV wide. Adding the optical 
gap of 9-10 eV (ref. 26) gives an empirical total of 13-14 eV; all 
this indicates that the scattering factors in Fig. 3 are quite 
accurate. 

The values for shake-up-shake-off and the energy zero have 
been obtained using a-quartz as a model compound. This 
comparative approach reduces uncertainties in these and other 
EXAFS parameters for the glasses such as the shell radii and the 
coordination number. However, because there are correlations 
between the EXAFS parameters themselves, the final fits 
quoted in Table 1 are not at the statistical limit of the data. Often 
the strongest correlation is between the Debye-Waller factor o} 
and the coordination number N, However, we fit N; at low 
energies where the Debye-Waller factor has little effect. We 
estimate that by taking N, = 4 oxygens for a-quartz N, and oj 
for the glasses are accurate to between 10 and 20%. Outer shells 
will be progressively less accurate. 

Atomic distributions around silicon and sodium are given in 
Fig. 4. These were obtained by Fourier transforming the 
normalized EXAFS spectra from Fig. 2 after multiplying them 
by (k/f,(ar)) exp(20/k?)—to remove energy-dependent ampli- 
tude factors'®. This assumes the EXAFS spectrum can be 
represented in terms of the single scattering of plane waves '"—a 
reasonable approximation for electron energies >200 eV. For 
structure closer to the absorption edge the plane wave approx- 
imation becomes progressively inaccurate. Characteristically it 
underestimates bond lengths and overestimates coordination 
numbers. This is the region where the EXAFS signal in oxide 
systems is strongest. Lee and Pendry’* have given a more precise 
solution for the scattering of spherical photoelectron waves. 
This is used for curve fitting in Fig. 2. The Fourier transforms 
shown in Fig. 4 are therefore only a guide. The clusters presen- 
ted in Table 1 are the result of curve fitting using the spherical 
wave approximation. 


Local order around silicon 


The striking feature of the Si EXAFS spectra (Fig. 2A) is their 
similarity. y(E) for each silicate glass is practically indis- 
tinguishable from that of silica and apart from some minor 
features all three glasses have almost the same y(&) as quartz. 
The rigid SiO, unit is common to all four structures and this 
single oxygen shell dominates the EXAFS as is clearly seen in 
the Fourier transforms (Fig. 4A). The absence of strong struc- 
ture relating to second near neighbours and beyond stems from 
the weakness of the Si-O-Si linkage compared with the primary 
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Fig. 2 A, Normalized EXAFS 
spectra y(E) above the silicon K- 
edge (6.75 A) of: a, a-quartz; b, 
silica; c, sodium disilicate glass; d, 
soda-lime~silica glass. Solid curves 
are experiment with the white line 
removed. Normalized EXAFS 
spectra y(E) above the sodium K- 
edge (11.94 A) of a, sodium dis- 
ilicate glass; b, soda-lime-silica 
glass. The energy zero is taken 
13 eV above the tuning point of the 
absorption edge. Dotted curves are 
calculations using Lee and 
Pendry’s spherical wave theory’* 
with the structural parameters 
listed in Table 1. 
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Si-O bond. Bell et al.” for instance, estimate the bending and 
stretching force constants to be 70 and 490 N m™ respectively. 

The results of curve fitting are given in Table 1 and theoretical 
and experimental y(E) are compared in Fig. 2A. The first shell 
radii for a-quartz and the three glasses are 1.60 and 1.61+ 
0.02 A respectively. These agree with the X-ray diffraction 
values of 1.61 and 1.62+0.01 A for a-quartz! and silica’. The 
present EXAFS results also agree well with pulsed neutron 
measurements” for silica and sodium disilicate glass of 1.61 and 
1.63+0.01A respectively. For the first shell of all four spectra 
aj equals 0.0010+ 0.0001 A?. This agrees well with the cal- 
culated value of 0.00093 A, indicating substantial correlation 
in nearest-neighbour motion. Similar behaviour has been 
observed in Ge where the bonding is also strong”*. The fact all 
three glasses share the same Debye-Waller factor as a-quartz 
demonstrates the absence of any measurable static disorder 
around silicon in the glasses. In contrast crystalline silicates have 
considerable static disorder. Clearly local order is improved in 
the glassy state where the restrictions of long-range order are 
lifted. 

In a-quartz a second shell consisting of four silicons (3.06 A) 
is clearly present in the Fourier transform (Fig. 4A) giving a 
Si-O-Si bond angle close to 144°. Also in evidence is the next 
shell of four oxygens (3.56 A) (ref. 29). Curve fitting indicates 
these shells are responsible for the shoulders in V(E) at 68 eV 
and 148 eV (Fig. 2A). The factor o? for these outer shells in 
a-quartz is 0.0104 0.001 A?. 

Evidence for an equivalent shell of four silicons in the Fourier 
transforms of the three glasses is less obvious. Curve fitting, 
however, demonstrates that the amplitudes of the first minimum 
and maximum in y(E) are incorrectly estimated unless a second 





shell is included. The best match for all three spectra involves a 
shell of four silicons at 3.17 A. This shell radius is 0.1 A longer 
than for @- quartz and yields a larger Si-O—Si bond angle of 160°. 
c} is also greater than for a-quartz, 0.021+0.007 A’, implying 
that the static disorder in the Si-O-Si bond angle is +~20°. Both 
results agree well with those of X-ray diffraction”. (The oxygen 
bond angle and its distortion are substantially different from 
GeO, glass where the respective values are 130° +6.5° (ref. 31).) 


Local order around sodium 
Turning to the Na EXAFS in Fig. 2B it is evident first that 
compared with the Si EXAFS (Fig. 2A) the frequency of 
oscillations is higher, implying the Na—O bond is longer than the 
1.61 A Si-O bond. Second comparing the two Na EXAF 
spectra themselves the amplitudes are quite different: sodium 
disilicate glass is the stronger, indicating a higher coordination 
number for the first shell. The Fourier transforms shown in Fig. 
4B make these distinctions plain. Both glasses have a common 
first peak around 2.35 A and this is strongest for sodium 
disilicate. However, for soda-lime~silica glass there is also a 
second shell peaking at a ‘non-bonding’ distance of 3.2 A. 
Curve fitting yields a first shell radius for sodium disilicate of 
2.30 0.03 A and a coordination number of 50.5 atoms. For 
soda-lime-silica the first shell is at the slightly longer distance of 
2.43+0.03 A and the coordination number has the lower value 
of 2+0.5 atoms. In addition, as the Fourier transform suggests 
(Fig. 4B), outer shells amounting to an extra four oxygens have 
been added (see Table 1). The first shell factors e? for each glass 
are also different: 0.056+ 0.0005 Å? for sodium disilicate and 
0.014+0.002 A? for soda-lime-silica. Comparing these to 
0.035 A? calculated from the Na~O stretching frequency, it is 
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Sample K-edge N, (Å) 
a SiO Si 40 1.6(0) 
SiO2(g) Si 40 1.6(1) 
Na.Si205(g) Si 40 1.6(1) 
Na 50 2.3(0) 
Na,CaSi,O,2(g) Si 40 1.6(1) 
Na 20 2.4(3) 
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Table 1 Curve fitting parameters used to obtain theoretical spectra shown in Figs 1 and 2 (dotted curves) 


DOSO A aaa 


Fi r3 Ta Is Ta 
ao A*) Ma (Ay (lo? Å M3 (A) a0? À>) 
0.10) 4 Si 3.0(6) 1.(0) 40 3,5(6) 1.(0) 

0.1(9) 4 $i 3.(17) 2.(4) 
0.1(9) 4 $i 3417) 2.1) 
0.5(6) 
0.100) 4 Si 3.417) 2.1) 
1.{4) 10 2.8(6) 2.8) 30 3.33) 2.6) 


PSSE OOOOOOONNNONONNN OEE EERE aaaeeeaa aana aaa 


Atom type and number are given by N; the shell radius by 7; and the Debye-Waller factor by g; for up to three near-neighbour shells. 


clear that the motions of adjacent sodiums and oxygens are 
strongly correlated in both glasses. Evidently the Na-O force 
constants are considerably stiffened by the SiO, environment 
and this explains the unusual strength of the Na—O band in the 
far IR absorption”’. As in the case of the Si environment there is 

‘no real evidence for static disorder in the oxygen ligand around 
Nain the glasses. 

The short-range order around sodium in crystalline silicates 
varies considerably with composition. Interestingly the local 
configurations revealed by EXAFS in the glasses are similar to 
those found in their crystalline polymorphs. In the binary 
sodium silicates Na.Si,O, (ref. 32) and Na,SiO, (ref. 33) all 
sodiums are fivefold coordinated in a distorted trigonal biprism 
of oxygen. The average bond length is 2.40 A which is slightly 
longer than that of the glass (2.30 A). In ternary silicates, on the 
other hand, the coordination is seldom as high as 5 and is usually 
2 or 3 with a radius in the range 2.4-2.5 A. The remaining 
oxygens are taken up in a broader outer shell (for example 
Na,CaSiO, (ref. 1) and Na,Mg,SisOi; (ref. 34) at separations 
that are non-bonding in the conventional picture of anion- 
cation contact. 

Beyond the oxygen ligand in the range 3-4 A in both binary 
and ternary crystalline silicates there are Si and modifier shells 
but these distributions are usually very broad. Given the large 
distribution of Si-O-Si bond angles in the glasses it is not 
surprising that a strong contribution from cation shells is absent 
in the y(E) for Na as it is for Si. 


Discussion 


Since the ideas of Zachariasen? several approaches to the struc- 
ture of glass have developed. These have been concerned with 
exploring the disordered topology which can incorporate the 
local order evident from the diffraction spectrum. For silicate 
glasses this is dominated by correlations, in the silicon—oxygen 
network. 

Specific CRN models have been built for silica* and also 
amorphous elemental semiconductors such as Ge (ref. 35), As 
(ref. 36) and Se (ref. 37). These have proved particularly suc- 
cessful both in predicting the experimental diffraction spectrum 
and in the structurally sensitive electronic and phonon proper- 
ties™. Although these models mainly use single covalent inter- 
atomic interactions, in some instances attempts have been made 
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to introduce Van der Waals interactions*®’’. In no case, 


however, in a covalent network have ionic interactions like those 
between modifying cations and oxygen been added. Indeed in 
the conventional Zachariasen picture the local structure of alkali 
and alkaline earth cations is left unspecified: they occupy a 
‘statistical distribution’ of holes in the three-dimensional 
covalent network, Normal diffraction data have provided no 
strong evidence to the contrary. 

Models constructed from a dense random packing of spheres 
(DRPs)***° have provided an approach which initially was quite 
separate from the CRN idea. DRPs have been used to model 
amorphous elemental metals and alloys*’** and recently 
applied to silicate glasses. By treating the spheres as the oxygen 
lattice, the interstices and cavities have been explored as loca- 
tions for silicons and modifying cations**. Indeed by using soft 
sphere packing, DRPs can be reduced to an assembly of dis- 
torted tetrahedra and octahedra**. But at best this is an idealized 
model although it does accord modifying cations a specific 
environment—octahedral. 

Although minimum energy configurations have been orches- 
trated from the coordinates of hand-built models, both CRN 
and DRP models are essentially static. The alternative 
approach, therefore, has been to consider glass structure in 
relation to the structure of liquids. This has been concerned less 
with the topology of the connected lattice and more with rela- 
tionships between the medium range order and the thermal and 
physical properties peculiar to the glassy state*”**. The outcome 
has been cluster-like structures. For silicate glasses these involve 
islands of SiO. with the modifying component taking up boun- 
dary locations. Within this area several interesting molecular 
dynamic calculations have been performed to model both 
silica*® and sodium silicate glasses’. Although these assemblies 
are seldom large enough to say anything about the medium 
range order or indeed about the connectivity of the frozen glass, 
they do emphasize a relatively ordered oxygen ligand around 
sodium or calcium as well as the tetrahedral ligand around 
silicon. 

We have demonstrated that EXAFS furnishes an important 
missing ingredient required to specify the local structure of glass. 
We have presented here data for two silicate glasses, but we have 
also observed Na EXAFS in sodium diborate glass°’ and (at 
short wavelengths) Rb EXAFS in germinate glasses**. In all 


Fig. 3 Calculated atomic 
scattering factors used 
in the EXAFS analysis. 
a, Central atom (/=1) 
phase shifts for $i and Na. 
b, Backscattering phase 
shifts for Si, Na and O. 
c, Backscattering ampli- 
tudes for Si, Na and O. 
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Fig. 4 A, Atomic distributions 
F(r) about silicon for: a, a-quartz; 
b, silica; c, sodium disilicate glass; 
d, soda-lime-silica glass. These 3 
were obtained by Fourier trans- 
forming the normalized EXAFS 
spectra given in Fig. 2. B, Atomic 
distributions Fir) about sodium 
for: a, sodium disilicate glass; b, 
soda-lime-silica glass. Following 
Gurman and Pendry’? the back- 
scattering parameters for O were 
used and the central atom phase 
shifts for Si. Truncation effects 
were minimized by using a gaussian 
shaped window. This was centred 
at 122eV—giving the best 
agreem “t for a-quartz. 


cases: the existence of extended fine structure confirms that the 
local structure of alkali cations is well-defined; and the fact that 
the spectrum varies from glass to glass indicates that the specific 
local order is a function of the composition. This should not be 
too surprising. In crystalline silicates for instance, whilst there is 
only one minimum energy configuration for silicon compared 
with many for sodium or calcium®’, nevertheless, in a given 
silicate usually one particular configuration for each modifier 
persists—the local order is basically a function of stoichiometry 
and packing. Our present EXAFS results for glasses demon- 
strate the importance of the modifier environment in silicate 
chemistry. 

We therefore envisage the structure of silicate glasses to be a 
natural extension of the structure of crystalline silicates. As such 
it will be made up of two interpenetrating sub-lattices: a 
covalent network consisting of the SiO, component ‘inter- 
calated’ by an ionic fraction made up of the modifier component 
(such as Na,O). In the crystalline state, silicates usually have a 
layer or chain structure with the modifying component binding 
these elements together*’. In the glassy state both sublattices 
will be random. Whilst the vestiges of SiO, layers and chains will 
be retained in the short range, in the long range we expect they 
will be lost into a three-dimensional CRN topology. Any cor- 
relations between these larger units will constitute the medium- 
range order predicted elsewhere**. The constraints on medium- 
range order will in effect be balanced by the degree of order in 
the random packed modifier component. 

Furthermore we propose that for the present stable glass 
compositions both the covalent and the ionic sublattices will be 
continuous. Certainly the density of silicon or oxygen point 
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defects in annealed silicate glasses is no greater than in silica or 
quartz” which suggests the covalent sublattice is almost 
completely connected. In addition diffusion measurements of 
Na in silicate glasses™*" point to an interstitialcy transport 
mechanism. An ionic NaO sublattice could support this, in 
which case the observed correlated transport of Na could only be 
maintained if this lattice were sufficiently continuous to support 
percolation paths. This seems to be the case for a wide variety of 
glasses provided the concentration of Na,O is > 10-20 mole (ref, 
55). (Crystalline Na,O has an anti-structure fluorite t”? and as 
such has many cation interstitial sites.) 

The structural link between the two sublattices in our model is 
effected through the so-called ‘non-bridging’ oxygens of 
Zachariasen*—something of a misnomer. In crystalline silicates 
those oxygens only singly coordinated to modifying cations 
usually form the ligand of the modifying cation: they are the 
anionic complement. We suggest this is also the function of 
‘non-bridging’ oxygens in glasses. Local ordering of such oxy- 
gens around (in this case) sodium requires the ordering of 
sodiums around a non-bridging oxygen. The clustering of alkali 
and alkaline earth cations around non-bridging oxygens has 
often been suggested. It is a natural outcome of local order 
around modifiers and was predicted in earlier molecular 
dynamic calculations*”’. 
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Bacterial symbionts and low “C/'’C ratios in 
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Observations on fine structure, metabolic enzymes and stable isotope ratios of several species of Pogonophora from a wide 
range of habitats suggest that members of this enigmatic phylum of worm-like deep-sea animals use internal chemoauto- 
trophic bacteria as part of their nutrition, allowing them to exploit scarce nutrient and energy resources. 





ALL known representatives of the phylum Pogonophora lack 
mouth, digestive tract and anus'*, and there has been much 
speculation about their food sources and feeding mechanisms”™. 
Until recently, absorption of dissolved organic matter (DOM) 
through the epidermis was regarded as the simplest and most 
likely of the hypotheses offered, and experiments suggest that at 
least one species could exist solely by uptake of DOM from 
concentrations equivalent to those measured in sediment pore- 
water’. However, very recent studies on the related but much 
larger Vestimentifera show they possess enzymes indicative of 
autotrophy, probably located in endosymbiotic chemoauto- 
trophic bacteria., The giant vestimentiferans live close to 
hydrothermal vents in rift zones, where the water is rich in 
reduced inorganic compounds, especially sulphides“. This 
‘crustal’ source is believed to be the energy supply that fuels the 
rich communities of animal life found at the vents’. Thus, 
symbiosis between the vestimentiferans and sulphide-oxidizing 
bacteria would be a further expression of the reliance of the 
community on a rich local input of energy. 

In contrast to conditions at the vents, the small Pogonophora 
found in ‘normal’ habitats along the continental slope and in 
deep fjords live in oligotrophic conditions, and it has been 
difficult to understand how they get enough food at the low 
levels of organic input to sediments in deep water'’. It is 
therefore of interest to report here preliminary results from a 
group of related investigations into fine structure, metabolic 
enzymes and stable isotope ratios of several species of small 
Pogonophora. The findings include the occurrence of bacteria in 
specialized tissues in the posterior half of the body; the presence 
of enzymes associated with fixation of CO, by the Calvin cycle; 
and in the tissues and tubes, the lowest ratio of °C to YC yet 
reported for contemporary marine organic material. Taken 
together, these facts argue against reliance on particulate or 
dissolved organic matter as the only food source and indicate a 
more complex metabolism including chemoautotrophic 
symbiosis, possibly adapted for efficient recycling of scarce 
resources in oligotrophic habitats. 
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Occurrence of bacteria 


Electron microscopy of three species of Siboglinum (S. atlan- 
ticum from the Bay of Biscay, S. ekmani and S. flordicum from 
the fjords near Bergen), whose capacity for epidermal uptake of 
DOM has been tested’, a new species of Siboglinum from the 
Skagerak and the slightly larger Oligobrachia gracilis from the 
Bay of Biscay shows numerous bacteria in the post-annular 
region’'' of all five species. The bacteria are confined to tissue 
lying between the two longitudinal blood vessels, flanked by the 
lateral coelomic cavities. The anatomy of the tissue has been 
seen most clearly in S. fiordicum (Fig. 1): there is a hollow 
cylinder of bacterium-containing cells with a central lumen filled 
with coelomic fluid; a network of blood spaces permeates the 
cylinder wall; and an outer layer of peritoneal cells separates the 
bacterium-containing cells from the lateral coelomic spaces. 

In S. atlanticum, S. ekmani, S. fiordicum and O. gracilis, the 
bacteria are rod-shaped, about 0.16-0.30 um in diameter and 
1-3 um long (Fig. 2a, b). The cell wall consists of an outer 
layer, an intermediate layer and plasma membrane, typical of a 
Gram-negative bacterium”. The cytoplasm is moderately elec- 
tron dense, but there is a lighter core containing some electron- 
dense strands, presumably DNA. In the cytoplasm there are 
small electron-dense particles and, occasionally, electron-lucent 
globules (Fig. 2a). The cells containing the bacteria are rich in 
glycogen and show unusual multilayered spherical granules 
1-2 um in diameter (Fig. 2a). The bacteria are usually sur- 
rounded by host cell membrane, either individually or in groups 
inside a vacuole, and there are lysosome-like organelles 
containing degenerating bacteria (Fig. 2c). Immature and 
female pogonophores have much more of the bacteria-contain- 
ing tissue than do males, in which most of the space in the 
post-annular region is filled with gonads and developing 
gametes. 

In the new species of Siboglinum from the Skagerrak, the 
bacteria are larger and more rounded, up to 3.2 x 1.4 um. They 
occur together with multilayered granules in cells which appear 
to proliferate from the muscle layer. In this species, the coelomic 
cavities are reduced to small spaces, some of them occupied by 
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Fig. 1 Diagrammatic transverse section of the post-annular region of 
S. fiordicum. DV, dorsal vessel; VV, ventral vessel; C, coelom; BW, body 
wall. The bacterium-containing tissues are in heavy stipple. 


tufts of cilia. Most of the bacteria are in membrane-bound 
vacuoles (Fig. 3), but some occur extracellularly between 
adjacent cells. The bacteria contain stacks of parallel 
membranes which are strikingly similar to structures reported 
from free-living bacteria which utilize methane'*'*. Pinocytotic 
vesicles occur frequently inside and outside the bacterium- 
containing vacuoles, suggesting there may be metabolic 
exchanges between the bacteria and the host cells. 

Recent studies on the giant vestimentiferan Riftia pachyp- 
tila'*’°, which lives close to sulphide-rich hot vents in the floor 
of the east Pacific Ocean, show an abundance of globular 
bacteria, 3-5 um in diameter, in trophosome tissue inside the 
main trunk of the animal’'’. Particles of elemental sulphur 
occur inside the cells containing these bacteria’’'*; the bacteria 
are thought to be sulphide-oxidizing chemoautotrophs which 
may contribute substantially to the nutrition of their hosts’. 
Riftia and its close relative Lamellibrachia belong to the phylum 
Pogonophora but have many peculiarities and are considered a 
distinct sub-group'*. However, the trophosome tissue in these 
species seems to be homologous with the bacterium-containing 
tissue of Siboglinum and Oligobrachia. The bacteria in Riftia are 
morphologically closer to the bacteria from the new species of 
Siboglinum found in the Skagerrak than to the rod-shaped 
Organisms present in the other pogonophores studied. 





Table 1 Fixation of “CO, by crude extracts of tissues of three species of 
Pogonophora at 8 °C 





CO, fixation 
CO, fixation due to other 
due to pathways in 
Tissue wet RuBP absence of 
Species (mg) carboxylase RuBP 
(nmol per g wet wt per h) 
S atlanticum 14.6 24.5 193.3 
(whole animal) 
S. fiordicum 4.24 20.1 6.8 
(pooled anterior ends) (4) 
S. fiordicum 1.43 205.8 12.6 
(pooled post-annular regions) (4) 
S. ekmani 1.92 0 57.5 
(pooled whole females) (5) 
S. ekmani 1.46 0 18.0 


(pooled whole males) (5) 

rg grep 

To compare with previous experiments on Riftia’*, frozen material, or fresh 
material quenched in liquid N,, was homogenized in 0.1 triethanolamine/HC! 
buffer, pH 7.3, and centrifuged at 24,000g for 10 min. The supernatant was tested 
for RuBP carboxylase (EC 4.1.1.39) by a modified '*CO, technique*>. Extracts of 
two additional specimens of S. atlanticum, which showed a positive qualitative 
reaction for RuBP carboxylase, were also tested for phosphoribulokinase (EC 
2.7.1.19) by a spectrophotometric continuous assay**; they showed velocities of 
0.23 and 0.39 pmol per g wet wt per min. The post-annular region of S. fiordicum 
contains most, but not all, of the bacteria. 


Fixation of carbon dioxide 


In Riftia pachyptila the bacterium-containing trophosome 
tissues have been shown to possess two enzymes of the Calvin- 
Benson cycle of CO, fixation and three enzymes associated with 
sulphide oxidation, and it is suggested that the bacteria are 
chemoautotrophs which use the energy derived from oxidation 
of sulphide to fix CO, into organic compounds®’*. For 
comparison, three species of small pogonophores were tested 
for Calvin cycle enzymes (Table 1) and net uptake of CO, by all 
pathways was assessed to compare its nutritional potential with 
uptake of DOM (Table 2). Extracts of whole S. atlanticum, 
including part of the bacterium-containing tissues, reacted 
positively to tests for ribulose bisphosphate (RuBP) carboxylase 
and phosphoribulokinase, but showed additional fixation by 
other pathways, presumably including carboxylation of phos- 
phoenolpyruvate or pyruvate to oxaloacetate or malate’’. With 
S. fiordicum, extracts of the anterior end showed low activity of 
RuBP carboxylase, equivalent to that in the extracts of S. atlan- 
ticum, whereas extracts of the post-annular region, where most 
of the bacteria occur, showed an order of magnitude more RuBP 
carboxylase activity and less fixation of '*CO, by other path- 
ways. RuBP carboxylase activity was not detected in extracts of 
the third species, S. ekmani, in which there was, nevertheless, a 
moderate fixation of “CO, by other pathways. The enzyme 
activities in the extracts of all the small pogonophores are lower 
than those found in extracts of the trophosome tissues of Riftia®, 
which can attain a rate of 13 um per g wet weight per h. This 
difference may be due to dilution of the active cells by other 
tissues in the small pogonophores, from which it is not possible 
to dissect predominantly bacterium-containing tissues 
equivalent to the trophosome of Riftia. In the latter species such 
tissue forms a larger proportion of the body. 

Total fixation of CO, in live S. fiordicum varied little between 
the anterior end and the post-annular region (Table 2), despite 
their relative differences in RuBP carboxylase activity in vitro. 
The maximum CO, fixed per gramme live weight was of the 
same order of magnitude as the fixation by homogenized 
extracts expressed on a wet weight basis, but comparisons of this 





Fig. 2 Transmission electron micrographs of bacteria in cells of S. fiordi- 
cum. a, Bacteria (transverse and oblique section) and a multilayered granule; 
note blood space at upper left. x20,500. b, Bacteria (LS and TS); note blood 
space above and between cells. 22,600. c, Lysosomes containing 
degenerating bacteria. x22,600. Methods: a, fixed 2.5% glutaraldehyde in 
0.1 M phosphate buffer plus 0.6 M sucrose; b, c, fixed 2.5% glutaraldehyde 
in seawater. All were postfixed in OsO, embedded in Spurr resin and the 
sections stained with uranyl acetate and lead citrate. 
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Table 2 Fixation of '*CO, by single live Siboglinum fiordicum at 6°C 


Deoxygenated 
seawater, 
Oxygenated seawater also 
Also containing 
containing 132 2/1 
Mean wet Containing 5.5 uM of 
wt (mg) CO, only “4H-glucose sulphide 
Time (min) 10 20 60 10 60 60 
Anterior end 1.08 83 142 282 47 227 125 
Post-annularregion 0.68 90 123 290 47 105 186 





Values are expressed as nM accumulated per g wet wt tissue. The animals were 
dissected out of their tubes and exposed to filtered seawater containing 
NaH“CO,,. After the experiment they were divided into anterior and post-annular 
sections and the '*C fixed into organic compounds was evaluated as a fraction 
soluble in 80% ethanol and the remainder bound to the tissues**, Each fraction 
was freed of inorganic carbonate by acidification with 1 M HCI followed by heating 
to dryness at 50°C under reduced pressure. The two fractions are pooled here. 
Concurrent experiments were made to check uptake of '*C- and *H-labelled DOM 
for comparison with previous results’*. The post-annular section contains most, 
but not all, of the bacteria. 





Table 3 Comparison of rate of fixation of “CO, with rate of uptake of 
'4C.Jabelled dissolved compounds in S. fiordicum 





Environmental Rate of Carbon 
concentration uptake equivalents 
(umol?) (nmol g™'h™') — (ngatg ho’) 
Mean fixation of CO, 208* 286 286 
All amino acids”? 14 186 5$8t 
Fatty acids”? 6 18 54+ 
Glucose”? 6 2 12 





* Assumed to be the same as high-salinity oceanic water. 
+ A conservative estimate based on an average of 3 carbon atoms per molecule. 


nature are difficult because activity of RuBP carboxylase may be 
lowered in vitro”. Fixation of CO, was apparently depressed by 
the presence of glucose at environmental levels (6 uM), the 
greatest effect being seen in the post-annular region, and also by 
conditions of low oxygen and sulphide, when the greatest 
depression was at the anterior end. The post-annular region 
showed similar fixation into the soluble component whether 
oxygen was present or not, suggesting that it is the subsequent 
metabolism that is affected by the simulated anoxic conditions 
rather than the initial fixation. Uptake of glucose took place at 
rates similar to those established previously, and was not 
significantly reduced by 1-h exposures to simulated anoxic 
conditions. 

Tables 1 and 2 show that the small pogonophores, like their 
giant relatives from the hydrothermal vents, do possess enzymes 
involved in fixation of CO, via the Calvin cycle, and that this 
activity is greatest in the region of the body containing most 
bacteria. However, as already noted, they are also capable of 
incorporation of CO, by other pathways. Marine invertebrates 
from at least 14 phyla can fix CO, into the acids of the Krebs 
cycle”’, and it is not surprising that Pogonophora have this 
ability; the rates calculated fall into the lower end of the range of 
CO, uptake by other animals”. Table 3 compares the rate of 
fixation of CO, by all pathways with the previously determined 
rate of DOM uptake”. S. fiordicum seems to obtain greater 
potential gain of carbon by uptake of DOM than by fixation of 
CO.. The dissolved organic compounds can supply 73% of the 
minimum metabolic needs and addition of organic matter 
derived from fixation of CO, would bring the total contribution 
to >100%. 


Stable carbon isotope ratios 


The natural '°C/??C ratio in the tissues of an animal is approxi- 
mately equal to the carbon isotope composition of its food’**’, 
this feature has been used to investigate the nutrition of aquatic 
invertebrates” ™*. For example, the '°C/*’C of the vestimen- 
tiferan R. pachyptila (6'°C-—11%) is unlike that of animals 
whose food is derived ultimately from open ocean photosyn- 


thesis**, excluding straightforward heterotrophy as the primary 
means of nutrition. Together with other evidence, the isotope 
values point to other nutrient sources, including internal 
chemoautotrophy™*. It was believed that measurement of the 
stable carbon isotope ratios in related pogonophores from less 
exotic environments might elucidate further the nutrition of 
these unusual animals; Table 4 gives the results and methods. 

Carbon from the organic fraction of the sediment samples has 
a "°C of about —20.5%, a value typical of most marine sedi- 
ments?*, The 6'°C values of the polychaetes (~16.1 to - 18.5%) 
are somewhat higher, a feature observed in other benthic 
communities and attributable to slight enrichment of “C in 
the tissues as a function of trophic level”. In the case of Eunice 
floridana, which had the highest 86°C value, it is likely that 
its food source is the coral Lophelia prolifera, with which this 
worm is always associated. Thus E. floridana’s use of sedimen- 
tary organic carbon would be less direct than that of the deposit- 
feeding terebellid worms, perhaps explaining why the 6'°C of 
the latter more closely approximates to that of the sediment 
(Table 4). Whatever the explanation for the polychaete worms, 
the carbon isotope ratios in their tissues and in the sediments 
bear little resemblance to those of the co-inhabitant S. atlan- 
ticum. The 5'3C of this animal’s tube and soft tissues ranged 
from —42.9 to —45.9%, the lowest 6’°C values yet reported for 
contemporary marine organic material**. The tube samples gave 
the most elevated values in this range, perhaps due to isotope 
fractionation effects associated with biosynthesis of the 
compounds composing the tubes. 

If the demonstrated similarity between the 6'°C of an 
invertebrate’s food and its biomass**”’ is also valid for 





Table 4 Values of 6'°C for animals and sediment samples collected from the 
northern Bay of Biscay in July 1980 





Depth 
Sample (m) Position 8 CHa 
3 §. atlanticum in tubes 1,850 St. no I/11 eee 
474937 N ~45.8 
8° 8.9° W 
3 Empty tubes S. atlanticum 1,850 St. no. 1/11 { -43.3 
47° 49,.3'N ~42.1 
8° 8.9 W 
3 S. atlanticum, out of tubes 1,530-1,810 St. no. 1/15 ~45.3 
47° 50.5 N 
8° 5.8 W 
3 Terebellid polychaetes 1,840-1,950 St. no. 1/14 ~18.3 
{2 Pista sp., 1 Terebellides) 47° 50.0'N ~18.5 
TTW 
1 Eunice floridana, anterior 1,530-1,810 St. no. 1/15 ~16.1 
musculature and body wall 47° 50.7 N ~16.1 
8° 5.8 W 
Mud from S. atlanticum habitat 1,840-1,950  St.no1/14 20.4 
47° $0.0 N 
8° 7.7 W 
Mud from S, atlanticum habitat 1,650-1,850 St. no, 1/20 ~20.6 
47° 49.4°N 
8° 8.9 W 
10 S. atlanticum (kept alive) 1,730-2,180 St. No. 2/20 { ~44.6 
in oxygenated water 9 days 48° 28.6 N ~44.8 
before preparation 10° 20. W 
Other marine organic material for comparison: 
Benthic and pelagic animal tissues (refs 27-34 and refs therein) ~8 to ~33.6 
Sedimentary organic material, various particle sizes and 
biochemical fractions (refs 35-44) —& to -38 


crewsvasnsnsssramramreeeetrotenasnamaan ENEO E N ENa a aaaea 
8 aC zi MOC Caan C °C eps standard) pe 1} x 107 (0) 


Depths are uncorrected PDR soundings: where multiple echoes were recorded 
from the canyon walls the minimum and maximum are given. Specimens were 
collected in July 1980 by dredge, and dried at 50 °C under reduced pressure. Some 
were dissected out.of the tube, others were dried in situ in the tube, which consists 
of a chitin-protein complex''. Dissected tissues of polychaete worms and samples 
of mud were dried in the same way. At UCLA the samples or subsamples were 
heated to dryness in 10 M HC] to remove inorganic carbon. The organic carbon 
remaining in 5-50-mg subsamples of the acid-treated material was completely 
oxidized to CO, gas by the method of Stump and Frazer®*. The relative °C/"°C of 
these gas samples, representing the original organic carbon, was determined with a 
Varian MAT 250 ratio mass spectrometer. 
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Fig.3 Transmission electron micrographs of bacteria in cell of Siboglinum 

(new species from the Skagerrak). <28,500. Samples were fixed in 2.5% 

glutaraldehyde in 0.1 M phosphate buffer plus 0.6 M sucrose, postfixed in 

OsO,, embedded in Araldite and sections stained with uranyl acetate and 
lead citrate. 


pogonophores, the ‘*C-depleted condition of S. atlanticum 
indicates that its food source is quite unlike that of the associated 
polychaetes and markedly different from other marine animals 
previously analysed. Preliminary carbon isotope ratios of two 
further species of pogonophores from the Norwegian fjords also 
show considerable depletion of ‘°C. A 8°C of —45.3% for 
S. ekmani from 700 m agrees well with the values for S. atlan- 
ticum, and suggests a similar carbon/food source. A somewhat 
lesser depletion of —35.3% found in S. fiordicum living in mud of 
greater organic content at 30 m is still difficult to reconcile witha 
sedimentary carbon source. In all these examples, given the 
typical 5'*C (~ —20%.) of the organic material in the sediment, it 
is difficult to identify, from the spectrum of organic materials 
likely to be present, a candidate that could be consumed directly 
to produce a tissue 5'°C lower than —40%.. Numerous isotopic 
analyses of dissolved and particulate sedimentary materials, 
including amino acids, carbohydrates and lipids, show a wide 
range of carbon isotope abundances** ** but except possibly the 
low molecular weight hydrocarbons, there is nothing equivalent 
to the 5'°C of the tissues of Siboglinum atlanticum and 
S. ekmani. 


Discussion 


The carbon isotope analyses indicate that the small pogono- 
phores are unlikely to rely entirely on direct utilization of 
particulate or dissolved carbon derived from surface photosyn- 
thesis. The presence of bacteria, and of Calvin cycle enzymes 
which have not been found in animals and are presumed to be 
located in the bacteria, point to chemoautotrophy as a possible 
source of nutrition. There are several possible explanations of 
the low 5'°C reported here for Pogonophora from ‘normal’ 
habitats. The first supposes that the major carbon source is CO,, 
which is fixed by the bacteria operating in a chemoautotrophic 
mode. There is a large discrimination against '*CO, and in 
favour of ‘*CO, during RuBP carboxylation, which in equili- 
brium conditions with atmospheric CO, produces autotroph 
biomass whose 6'*C is rarely lower than —30% (ref. 35). 
However, if '*C-depleted respired CO, (~—20%) was used 
rather than, or in addition to, dissolved surface sea sources (0 to 
—7%o), then resulting tissue 5'*C values could be considerably 
lower than —30%. Such biological refixation and recycling of 
carbon and subsequent isotope fractionation have been sugges- 
ted to explain the 6'*C values of —40 to —47% found in insects 
and plankton from a sub-alpine lake*’**, as well as even lower 
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values found in one example in Upper Pleistocene organic 
materials**. A similar process, whereby ‘*C-depleted CO, from 
benthic respiration or from internal pogonophoran respiration is 
fixed by the endosymbionts, could explain why the '°C depletion 
in the pogonophores analysed is so unlike all but those of the 
organisms noted above. In addition, the incorporation of CO, 
into cell carbon by pathways other than RuBP carboxylation, as 
suggested by our studies, could contribute to the unusual isotope 
abundances observed. The few chemosynthetic bacteria studied 
appear to prefer '*CO, to a greater extent than do photoauto- 
trophs*’**, but little work has been done on the cause of this 
isotope effect or on its prevalence in nature. 

With regard to internal recycling of CO, the extent of isotope 
fractionation would depend on the nature of the supposed 
symbiotic relationship between the pogonophore and the 
internal bacteria. A recent theoretical study of nutrient rela- 
tionships between shallow-water invertebrates and symbiotic 
algae predicts that where growth-limiting nutrients are scarce 
and concentrated in organic matter, production by a symbiotic 
system could be 2 or 3 orders of magn:tude greater than that of a 
system with separate autotrophs and heterotrophs”*”. If similar 
arguments could be applied to the pogonophore—bacteria asso- 
ciation, and if there was efficient recycling, continued re-use by 
the bacteria of carbon dioxide produced by the pogonophore 
might explain the isotope depletions observed. 

The unusual carbon isotope ratios of Siboglinum might also 
result from utilization of methane as a carbon source. Methane 
generated from anaerobic sediments typically has 6'*C values 
lower than —40% (ref. 35). Presumably microorganisms capable 
of incorporating methane into cell material would be compar- 
ably depleted in ‘°C. Such microbial methanotrophy could 
provide a source of food for higher organisms whose tissue 
carbon, as a consequence, would possess 6'*C values similar to 
those observed in Siboglinum. If encdosymbiotic bacteria were 
incorporating carbon from methane, this process would not 
necessarily preclude CO, fixation or assimilation of DOM, 
because all these processes can be quantitatively significant in 
obligate methanotrophs'*. Furthermcre, the presence of RuBP 
carboxylase in extracts of Siboglinum is not inconsistent with 
this hypothesis as some methanotrophic bacteria are now known 
to be capable of autotrophy via the Calvin cycle*’*’. 

The above hypotheses are not mutually exclusive; there could 
be a degree of mixotrophy as already suggested*’, the relative 
importance of each process being governed by environmental 
levels of DOM, reduced inorganic compounds and dissolved low 
molecular weight hydrocarbons. It remains to be discovered 
how the bacteria in the small pogonophores obtain their energy, 
and, in particular, whether they can make use of the relatively 
low sulphide and methane content of the reducing deposits in 
which the pogonophores live. 
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By replacing either the early or the late genes of SV40 with a cloned copy of the influenza virus haemagglutinin gene we have 
constructed recombinant viruses which, in infected cells, express large quantities of haemagglutinin. This glycoprotein, over 
10° molecules of which are produced per cell, is identical in molecular weight to authentic influenza virus haemagglutinin, 
accumulates at the cell surface and displays haemabsorbing activity. 





THE amino acid sequences of a number of integral membrane 
proteins have recently been determined, either directly by pro- 
tein chemistry'~ or by analysis of the DNA sequences of cloned 
versions of their genes’”'*. The proteins include those found 
naturally on the surface of cells as well as virus-coded proteins 
whose biosynthesis utilizes cellular enzymes and processes for 
their translation, membrane translocation and transport, gly- 
cosylation and maturation. These viral membrane proteins thus 
provide useful model systems for the study of the structure, 
function and biosynthesis of integral membrane proteins in 
general. 

Of all such membrane proteins, the haemagglutinin (HA) 
glycoprotein of influenza virus is the best characterized. The 
complete amino acid sequences of HAs from many influenza 
strains are known” ™?, the three-dimensional structure of the 
glycoprotein spike has been determined by X-ray crystallo- 
graphy! and the major antigenic regions of the molecule have 
been defined”. 

A characteristic of many integral membrane proteins is that 
they contain hydrophobic amino acid sequences at their amino 
and carboxyl termini. It is widely believed that the amino- 
terminal ‘signal’ peptide functions in attachment to and 
translocation of the nascent polypeptide chain across the endo- 
plasmic reticulum’? while the carboxyl-terminal sequence 
serves to anchor the completed proteins in the cell 
membrane’®”°. Perhaps surprisingly, comparison of the struc- 
tures of membrane proteins in general and of the set of HA 
molecules in particular reveals that the hydrophobic sequences 
at the amino and carboxyl! termini are not highly conserved’, 
One interpretation is that hydrophobicity rather than specific 
amino acid sequence is important in the interaction of amino and 
carboxyl termini with membrane components. However there 
are not yet enough data to deduce how such interactions might 
occur. 

One approach to the study of integral membrane proteins is to 
introduce alterations in their amino acid sequences and to 
analyse the subsequent effects on the biosynthesis, structure and 
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function of the molecules. It would be of particular interest to 
determine the effects of alterations in the hydrophobic 
sequences on the membrane interaction and translocation. The 
wealth of information on HA makes it an ideal candidate for 
such studies. However, because this protein is naturally encoded 
by an RNA genome, it has not been feasible to manipulate its 
primary structure by directed alteration of the nucleotide 
sequence., To circumvent this difficulty, we decided to introduce 
mutations into the cloned DNA copy? of the influenza virion 
RNA segment which encodes HA. The first stage in this process 
is to synthesize HA from the cloned gene, and we describe here 
the construction and use of recombinant viral vectors which 
express large amounts of HA at the cell surface of eukaryotic 
cells. 


Construction of vectors 


The HA gene from influenza virus strain A/Japan/305/57 
(H2N2) has previously been cloned in the plasmid vector 
pAT153 and its complete nucleotide sequence has been deter- 
mined’, It contains no intervening sequences and is a convenient 
size for insertion into the late or the early region of the SV40 
genome, Because the HA gene contains no promotor of its own, 
the vectors were designed so that HA was expressed under the 
control of the SV40 early or late promotors. The details of the 
constructions are given in Fig. 1 legend. 

To construct late-replacement vector SVEHA3 the HA gene 
was inserted into the late region of SV40 between the Hpall site 
at nucleotide 346 and the BamHI site at nucleotide 2,533 (SV 
numbering system)’. This recombinant viral genome was 
cloned into the BamHI site of pAT153 and propagated in 
Escherichia coli, For transfection into simian cells, the recom- 
binant SV40-HA genome was excised from the plasmid by 
digestion with BamHI, purified and ligated to yield the structure 
SVEHA3 shown in Fig. 1. This recombinant viral genome 
contains the SV40 origin of DNA replication and an intact set of 
early genes. The HA gene is joined to the noncoding sequences 
which would normally be transcribed into the untranslated 5’ 
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Fig. 1 SV40-HA recombinant vectors designed to express haemagglutinin 
in simian cells. The shaded circles represent the double-stranded circular 
DNA genomes of the recombinant viruses. The protein-coding sequences 
are indicated by blocked arrows. Untranslated parts of the mRNA are shown 
as solid lines; dots indicate uncertainty about the exact position of the 5’ end 
of the mRNA; zigzag lines show segments spliced out; a wavy line with an A 
illustrates the 3'-terminal poly(A) tract. (After ref. 42.) a, SV40 late region 
replacement vector (SVEHA3). Plasmid pJHA* was linearized with 
HindIII. (All restriction endonuclease digestions were carried out using the 
conditions recommended by New England Biolabs.) The homopolymeric 
tails at the 5’ end of the HA gene were removed using the double-stranded 
exonuclease, Bal31** (Bethesda Research Labs). Five ug of linearized 
pJHA, dissolved in 50 ul of 12mM CaCl,, 12 mM MgCl,, 0.6 M NaCl, 
20 mM Tris-Cl pH 8.1, 1 mM EDTA, 200 ug mI~' bovine serum albumin 
(BSA), were incubated at 30°C with 0.25 U of Bal31. Aliquots were 
removed after 1, 1.5 and 2min into an equal volume of ice-cold 
0.1 MEDTA. The samples were then pooled and the DNA purified by 
extraction with phenol and precipitation with ethanol. The DNA was 
dissolved in 20 l of 60 mM Tris-HCl, pH 7.5, containing 8 mM MgCl,, 
10mM £§-mercaptoethanol, 1 mM ATP, 0.2 mM dNTPs and 1 U of the 
Klenow fragment of E. coli DNA polymerase was added. After incubation 
for 30 min at 20°C, the DNA was again purified by phenol extraction and 
ethanol precipitation. HindIII linkers (Collaborative Research) were added 
to the resulting population of molecules as described previously**. After 
cleavage with HindIII and BamHI, the fragments of HA DNA (~1,800 
nucleotides long) were purified by polyacrylamide gel electrophoresis and 
cloned between the HindIII and BamHI sites of pAT153. Clones lacking the 
homopolymer tails were identified by sizing of restriction endonuclease 
fragments of DNA. The nucleotide sequences adjacent to the HindIII 
linkers in several clones were determined using the Maxam-—Gilbert tech- 
nique**. Clone pJHB16 was selected in which the nucleotide immediately 
following the HindIII linker was the A of the initiation codon of the HA 
coding sequence. pJHB16 was linearized by digestion with HindIII and the 
protruding tails were filled in using the Klenow fragment of DNA poly- 
merase as described above. The DNA was then digested with BamHI and 
the fragment containing the HA gene was purified by gel electrophoresis. 
Similarly the plasmid pJ YM6**, which contains the entire SV40 genome 
cloned through its BamHI site, was digested with Hpall and the protruding 
tails were repaired as before. After digestion with BamHI, the 3,039 
nucleotide fragment was purified and ligated to the 1,800 nucleotide HA 
fragment and to plasmid pAT153 which had been linearized with BamHI 
and treated with calf intestinal phosphatase“* to remove 5’-terminal phos- 
phates. After transfection into E. coli HB101, recombinant plasmids 
containing HA and SV40 sequences were identified by hybridization using 
the Grunstein—Hogness technique*’ and their structures were verified by 
restriction endonuclease digestion. The DNA of one of these recombinant 
plasmids was then digested with BamHI and the SV40-HA fragment was 
purified by gel electrophoresis, Circularization of this fragment by ligation at 
low DNA concentration (3 ug ml~') produced the recombinant vector 
SVEHA3 shown above. This was introduced into CV-1 cells together with 
the SV40 early deletion mutant d/1055** using DEAE dextran** (75 ng each 
DNA per 10° cells). After 5 days at 37 °C, the cells and medium were frozen 
and thawed three times and fresh monolayers of CV-1 cells were infected 
with 0.3 ml of the resulting extract. This was repeated twice to obtain a virus 
stock. b, SV40 early region replacement vector (SVLHA8). A segment of 
SV40 DNA which contains the intron of the small T antigen gene linked 
directly to the poly(A) addition site of the same gene (unpublished data) was 








SVLHA8 


inserted into pJHB16 at the BamHI site located in noncoding sequences after the 3' end of the Ha gene. The resulting 2,600 nucleotide fragment consisting of the HA 
gene and the composite SV40 segment was obtained by digestion with HindIII and BamHI and purified by gel electrophoresis. This DNA was ligated to a fragment 
obtained by partial digestion of BamHiI-linearized SV40 DNA with HindIII at nucleotide 5,1717'. The partial digestion product contains the early promoter, the 
origin of DNA replication and the viral late genes. The resulting recombinants were cloned into plasmid pAT153 which, as before, had been linearized with BamHI 
and treated with calf intestinal phosphatase**. After transfection into E. coli HB101, the recombinant plasmids containing HA and SV40 sequences were identified 
by hybridization using the Grunstein-Hogness technique*’ and their structures were verified by restriction endonuclease digestion. The DNA of one of these 
recombinant plasmids was then digested with BamHI and the SV40 HA fragment was purified by gel electrophoresis, Circularization of this fragment by ligation at 
low DNA concentration (3 ug mi~') produced the recombinant vector SVLHAS8 shown above. This recombinant was introduced into COS-1 cells” using 


DEAE-dextran™* and was propagated in these cells in the absence of helper virus. 


region of SV40 late mRNAs. Late in infection of permissive 
simian cells this recombinant should express a hybrid mRNA 
consisting of untranslated SV40 sequences at its 5’ end and an 
intact set of HA coding sequences. Polyadenylation could occur 
either at a site which has been postulated to function during the 
synthesis of HA mRNA from its natural influenza viral RNA 
template or at the normal site for late SV40 mRNAs at nucleo- 
tide 2,674*'. Translation of this hybrid mRNA should begin at 
the first AUG which marks the beginning of the HA coding 
sequences. 

Early replacement vector SVLHAS8: A segment of DNA was 
constructed which contained the intron of the small T antigen 
gene of SV40 linked directly to the poly(A) addition site derived 
from the same gene. This segment was linked to the HA gene 
and the composite fragment inserted into the SV40 genome 
between the HindIII site at nucleotide 5,171 and the BamHI site 
at nucleotide 2,533 (ref. 21). The recombinant viral genome was 
cloned into the BamHI site of pAT153 and propagated in 
bacteria. For transfection into simian cells, the recombinant 


SV40-HA genome was excised from the plasmid by digestion 
with BamHI, purified and ligated to yield the structure 
SVLHAS shown in Fig. 1. This recombinant viral genome 
contains the SV40 origin of DNA replication and an intact set of 
late genes. The HA gene lies downstream from the early 
promotor within the untranslated sequences which normally 
precede the sequences coding for SV40 early gene products. 
Transcription from this promotor should therefore generate 
hybrid mRNAs which begin at the usual major sites in SV40 
DNA” (nucleotides 5,320 and 5,326) and consist of ~70 
nucleotides of untranslated SV40 sequence linked to the entire 
coding sequence of HA. Polyadenylation could occur either at 
the postulated site within the 3’-untranslated sequences of the 
HA gene or at the normal site for early SV40 mRNAs at 
nucleotide 2,587 (ref. 21). In the latter case there is an oppor- 
tunity for a spliced mRNA to be formed by removal of the SV40 
small T intron which is inserted into the construct downstream of 
the HA sequences and upstream from the SV40 early poly(A) 
addition site. 
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Expression of HA by the late replacement 
vector SVEHAS in CV-1 cells 


Because the vector SVEHA3 contains an intact copy of the gene 
coding for $V40 large T antigen, its DNA will replicate 
efficiently in permissive simian cells. However, production of 
infectious virions containing the recombinant genome requires 
complementation by a helper virus such as d/1055 (ref. 23), an 
early deletion mutant of SV40 which will supply $V40 capsid 
proteins for the assembly of virions. 

SVEHA3 and d/1055 DNAs were introduced together into 
CV-1 cells using DEAE-dextran™. The virus produced by these 
cells was serially passaged twice on fresh monolayers. At this 
stage a virus stock was obtained which induced a total cytopathic 
effect within 72 h after infection of CV-1 cells. 

Monolayers of CV-1 cells were infected with this virus stock, 
and at various times later cell extracts were prepared and 
assayed for HA antigen by a solid-phase radioimmune assay”. 
Figure 2 shows that the amount of HA antigen progressively 
increased with time so that by 62 h after infection, an average of 
6x 10° molecules per cell was present. This is equivalent to 
80 ug of HA per 90 mm dish of cells. 
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Fig. 2 Analysis of HA in cell extracts by solid-phase radioimmunoassay. 
Just-confluent monolayers of CV -1 cells or COS-1 cells were mock-infected 
or infected with SVEHA3 or SVLHAS8 respectively as described pre- 
viously*® using a 1:8 dilution of the virus stocks. Infection of cells with the 
A/Japan/305/57 strain of influenza virus (10° plaque-forming units per cell) 
was carried out as described by Hay*’. At various times after infection the 
medium was aspirated, and the cell monolayers were washed once with cold 
Tris-buffered saline (150 mM NaCl, 50 mM Tris, pH 7.4). The cells were 
then scraped from the dish using a policeman, pelleted by centrifugation at 
2,000 r.p.m. for 5 min and lysed in 300 wl per 90 mm dish of lysis buffer 
(50 mM Tris-HCl, pH 7.5, containing 1% NP40). After brief vortexing and 
standing for 20 min on ice, the nuclei and cell debris were removed by 
centrifugation for 1 min at 10,000 r.p.m. Radioimmunoassays were per- 
formed by a modification of a procedure described previously’, Rabbit 
anti-HA IgG was purified by chromatography on Protein A-Sepharose”. 
Aliquots (50 pl) of the anti-HA IgG (50 pg ml’ in 0.2 M NaHCO,) were 
dispensed into the wells of PVC microtitre plates and the antibody was 
allowed to absorb for 20 min at room temperature. The antibody solution 
was then aspirated and the wells washed three times with wash buffer 
(phosphate-buffered saline (PBS) A containing 0.5% calf serum, 0.1 % BSA 
and 0.1% NP40). Cell extracts were diluted as necessary in lysis buffer. 
Triplicate samples of the extracts or of known amounts (1~15 ng) of purified 
viral HA®° (supplied by Dr John Skehel) were added to the wells and the 
plates were incubated at room temperature for 1~2h. The samples were 
aspirated and the wells washed as before. Aliquots (50 ul, 200,000 c.p.m.) of 
iodinated anti-HA IgG (radiolabelled using iodogen®') were added to the 
wells in wash buffer. After 2 h at 4 °C the excess antibody was aspirated and 
the plates washed as before. The wells were cut out from the microtitre plate 
and the ‘25I bound to each well measured in a y-counter. The number of HA 
molecules per cell was obtained by correction of the results of the radioim- 
mune assay for the fraction of cells infected (SVEHA3/CV1, 90%; 
‘fiu/CV1, 30%; SVLHA8/COS-1, 5%; ‘flu/COS-1, 20%), estimated as 
described in the text. 


Extracts obtained from monolayers radiolabelled with S- 
methionine between 46 and 48 h after infection with SVEHA3 
were immunoprecipitated and analysed by SDS-polyacrylamide 
gel electrophoresis (PAGE). Figure 3a shows that these cell 
extracts contained a protein which was specifically precipitated 
by a monospecific anti-HA antiserum and which is indis- 
tinguishable in size (M, = 75,000)”* from authentic glycosylated 
HA precipitated from extracts of CV-1 cells infected for 10h 
with the Japan strain of influenza virus. The HA species from 
SVEHA3-infected cells could be seen as a major band when the 
proteins in the labelled cell extract were separated by SDS- 
PAGE without prior precipitation. The results also indicate that 
the HAs synthesized in CV-1 cells infected by either SVEHA3 
or influenza virus do not undergo activation cleavage’ into 
HA, and HA, polypeptides. Figure 3b compares the products 
from cell-free translation of total poly(A)” RNA extracted from 
authentic influenza virus-infected cells and of SVEHA3 HA- 
specific RNA selected from a preparation of total, vector- 
infected cell RNA by hybridization to filters containing 
immobilized HA cDNA. Because the selection procedure is 
inefficient, it was not possible to compare the quantities of 
HA-specific mRNAs in the two preparations. However, cell- 
free translation showed that mRNA isolated from SVEHA3- 
infected cells directed the synthesis of a protein (M, = 63,000) 
which was the same size as the non-glycosylated form of 
authentic HA?®. When the translation was carried out in the 
presence of dog pancreas membranes, the apparent molecular 
weight of both HA products increased to that of the in vitro 
glycosylated form of HA (75,000)°*. Thus the in vivo and 
two in vitro forms of HA coded by SVEHAS3 are indistinguish- 
able from the corresponding forms coded by influenza virus 
itself. 

The cellular location of the HA synthesized in SVEHA3- 
infected CV-1 cells was analysed by indirect immunofluorescent 
staining of cytoplasmic or surface antigens. Figure 4 shows that 
SVEHA3-infected cells showed bright cytoplasmic fluores- 
cence, with an area, which is probably the Golgi apparatus, 
staining particularly brightly. CV-1 cells infected with influenza 
virus had a similar but slightly less bright pattern of 
immunofluorescence while mock-infected cells showed no 
fluorescence. Staining of SVEHA3 or influenza virus-infected 
cells fixed with formaldehyde showed more uniform but dimmer 
fluorescence over the entire cell surface. 

To confirm that HA is expressed at the surface of SVEHA3- 
infected cells two other types of experiment were performed: 
radioimmune assay of intact cells and cell-surface haemab- 
sorption of guinea pig erythrocytes (Fig. 5). By these tests the 
SVEHA3-infected cells are shown to display HA in a biologi- 
cally active form in copious quantities on the cell surface. The 
only feature which distinguished these infected cells from 
influenza virus-infected cells was that erythrocytes which had 
been adsorbed to influenza-infected cells at 4°C were eluted 
when the temperature was raised to 37°C. Erythrocytes ad- 
sorbed to SVEHA3-infected cells remained attached after the 
temperature shift. This observation can be explained by the fact 
that influenza virus-coded neuraminidase, which causes red cells 
to be released from the surface of influenza virus-infected cells, 
is absent from cells infected with the late replacement vector 
SVEHA3. Taken together, these results show that cells infected 
with this vector synthesize large quantities of a HA which is 
indistinguishable from influenza virus HA by size, cellular loca- 
tion or ability to haemagglutinate erythrocytes. 

When cells are infected with influenza virus, HA is budded 
from the cell surface as part of the virion and can be measured in 
the medium by assaying haemagglutinating activity”. Ten hours 
after infection by influenza virus, the 5 ml of medium covering 
the CV-1 cells contained a total of 2,560 HA units. By contrast, 
no haemagglutinating activity could be detected in the medium 
covering CV-1 cells 48 h after infection with SVEHA3. Thus the 
HA synthesized in SVEHA3-infected cells (which could be 
detected in cell extracts at a level of 3.3 x 10* HA units per 10° 
cells) was not shed into the medium. 


a el eta 


Nature Vol. 293 22 October 1981 62 


a ML = - F MSF h 
HN NHN NHN 
A Pa ~ 





EF 200K 4K 
92K 
P > 
= = 8h gHAr75K > W 68k 
Eor ~~ ae ù «HA HAP 63K > 
es ——— -E TEk. | osk NPD 
l Fiu NP = 46K 
- SV40 
30K 
M x _ 
NS: 
~ er y 
= -—_ JOK æ 








—__— __——_—__ TTT _— — > _ 


+ + + + + 
Bas 123 468565 6 7 8 8 ®W 


Fig. 3 Comparison of HAs produced in SVHA3- or influenza virus-infected cells. a, Analysis by immunoprecipitation of HA from “*S-methionine-labelled cell 
extracts. CV-1 cell monolayers which had been infected with SVEHA3 or mock-infected (see Fig. 2 legend) were labelled 46-48 h post-infection with **S-methionine 
(1 mCi per 90 mm dish, 1,000-3,000 Ci mmol’; Radiochemical Centre) in 1 ml E4 supplemented with 2% dialysed calf serum but lacking methionine. Similarly, 
influenza virus-infected monolayers were labelled 10-12 h post-infection. In this experiment, ~90% of the CV-1 cells treated with SVEHA3 became productively 
infected whereas ~20% of the cells treated with influenza virus were infected. The cell monolayers were then washed once with cold Tris-buffered saline and lysed at 
0°C for 20 min in 1.0 ml of lysis buffer (Fig. 2 legend). The cell debris was removed by centrifugation and the lysates used immediately for immunoprecipitation using 
rabbit anti-HA antiserum (H) or preimmune serum (N) as described previously**. The precipitated polypeptides (left panel) together with 1-ul samples of 
non-precipitated cell extracts (right panel) were separated by SDS-PAGE and autoradiographed**. M, mock infected; S, SVEHA3 infected; F, influenza virus 
infected. <4 Indicates position of HA polypeptides, [> indicates positions of other viral (SV40 or influenza) polypeptides. b, Jn vitro translation of mRNA from 
SVEHAS3- and influenza virus-infected CV-1 cells. Monolayers of CV-1 cells were infected with SVEHA3, or mock infected for 48 h, or infected with influenza virus 
for 10 h as described above (Fig. 2). Extraction of mRNA was performed as described by Favaloro et al.*?. HA-specific mRNA was purified from total « ytoplasmic 
RNA by hybridization to HA cDNA (pJHA)* covalently linked to aminio phenylthioether paper (B. Seed, personal communication). Jn vitro translation was 
performed as described elsewhere” in the absence (—) or presence (+) of dog pancreas membranes*’. Tracks 1, 2, 9 and 10, no added RNA; tracks 3 and 4. total 
cytoplasmic RNA from influenza virus-infected CV-1 cells; tracks 5 and 6, RNA eluted after hybridization to immobilized HA cDNA of cytoplasmic RNA from 
mock-infected cells; tracks 7 and 8, RNA eluted after hybridization to immobilized HA cDNA of cytoplasmic RNA from SVEHA3-infected cells. P, polymerase: NP, 
nucleocapsid protein; M, matrix; NS, non-structural protein. 
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Fig. 4 Immunofluorescent antibody Staining of HA in infected cells. Monolayers of CV-1 or COS-1 cells were infected with the recombinant vectors or 

mock-infected for 48 h, or infected with influenza virus for 10 h as described in Fig. 2 legend. For analysis of intracellular HA, cells growing on glass slides were fixed 

using ice-cold MeOH/acetone (1:1) for 10 min and extensively washed with PBS-A containing 0.5% BSA. For analysis of surface HA, the cells were fixed with 

formalin (10% solution in H,O) for 15 min before washing as above. Indirect immunofluorescent staining using rabbit anti-HA antiserum or preimmune rabbit serum 
followed by goat anti-rabbit IgG conjugated with fluorescein isothiocyante (Cappel) was carried out using procedures described previous! 
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Expression of HA by the early replacement 
vector SVLHAS8 in COS-1 cells 


Because the vector SVLHAS8 lacks the gene coding for large T 
antigen, it cannot replicate in simian cells unless functional T 
antigen is supplied. This can be done by using as a permissive 
host the COS-1 line of SV40-transformed monkey cells, which 
endogenously expresses large T antigen”. 

SVLHA8 DNA was introduced without helper into COS-1 
cells using DEAE-dextran™. The virus produced by these cells 
was serially passaged twice on fresh monolayers to obtain a virus 
stock which induced total cytopathic effect in COS-1 cells within 
72 h after infection. The same virus stock produced no visible 
cytopathic effect in CV-1 cells. 

Monolayers of COS-1 cells were infected with this stock and 
at various times later the cells were analysed for the presence of 
HA by radioimmune assays, indirect immunofluorescence and 
haemabsorption as described above. Much less HA was detec- 
ted by radioimmune assay of SVLHA8-infected COS-1 cell 
extracts (Fig. 2) than was detected in CV-1 cells infected with 
the late replacement vector SVEHAG3. Indirect immuno- 
fluorescence and erythrocyte binding indicated that only a 
small proportion (~5%) of the cells were synthesizing HA 
(Figs 4 and 5). Immunofluorescence of fixed cells using antisera 
directed against SV40 VP1 and SV40 large T antigen™” showed 
that a similar small percentage of cells were synthesizing SV40 V 
antigen, while all the cells were positive for large T antigen albeit 
with differing intensities (results not shown). The reason for the 
low rate of productive infection of the COS-1 cells is unknown. 
However, the fact that COS-1 cells infected with the late 
replacement vector SVEHA3 plus helper d/1055 synthesized 
levels of HA similar to these in SVEHA3-infected CV-1 cells 
(results not shown) indicates that COS-1 cells are not inherently 
less receptive than CV-1 cells to infection by these SV40 
vectors. This result suggests that at any one time, only a few 
COS-1 cells contain sufficient large T antigen to support efficient 
replication of SVLHA8 DNA. 
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Despite this low infection rate, the infected COS-1 cells 
synthesized HA which (1) exhibited the same pattern of 
immunofiuorescence (Fig. 4) as SVEHA3-infected CV-1 cells; 
(2) was transported to the cell surface (Fig. 5); and (3) displayed 
haemagglutinating activity (Fig. 5). Correction of the results of 
the radioimmune assay (Fig. 2) for the fraction of cells infected 
(~5% of COS-1 cells compared with ~90% of CV-1 cells) 
indicated that COS-1 cells infected with SVLHA8 synthesized 
10 times less HA than CV-1 cells infected with SVEHA3. This 
may reflect the less efficient expression of HA from the SV40 
early promotor perhaps because of autoregulation by large T 
antigen’, or because of gene dosage, as analysis of Hirt 
extracts’ of infected cells indicated that the SVLHA8 recom- 
binant genome was replicated to lower copy number in COS-1 
cells than was SVEHAS3 (plus d/1055) in either CV-1 or COS-1 
cells (results not shown). 


Discussion 


To our knowledge, influenza HA is the first integral membrane 
protein to be expressed in eukaryotic cells from recombinant 
DNA vectors. The protein appears normal in all respects; it is 
glycosylated and is displayed on the cell surface in an antigenic 
and biologically active form. Thus a protein which is naturally 
coded by a negative-stranded RNA genome can be expressed in 
copious amounts when DNA copies of its coding sequences are 
harnessed to strong papavovirus promotors. Furthermore no 
intervention by other influenza viral products is necessary to 
cause HA to accumulate on the cell surface. Taken together, 
these results provide evidence that the biosynthesis, transport, 
glycosylation and cellular localization of the viral protein are 
determined by host cell functions. Whether HA needs to inter- 
act with other virus-coded proteins (such as matrix) in order to 
bud from the cell surface remains to be established. 

The amount of HA present in cells infected by the late SV40 
replacement vector reaches levels which are never attained even 
during productive infection of these cells by the Japan influenza 
virus itself. From the strength of the signal obtained by Northern 
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Fig.5 Adsorption of erythrocytes to cell monolayers, CV-1 or COS-1 cells were infected with the recombinant vectors or mock-infected for 48 h, or infected with 
influenza virus for 10 h as described in Fig. 2 legend. The monolayers were washed twice with PBS and then 2 ml of a 0.5% solution of guinea pig erythrocytes in PBS 
was added. After 15 min at 4°C, the monolayers were washed four times with PBS and photographed. 





Nature Vol. 293 22 October 1981 


blotting (unpublished results) it was concluded that CV-1 cells 
infected with SVEHA3 contain about five times more HA 
mRNA than do cells infected with influenza virus. This excessive 
quantity of HA reflects in part the fact that cells infected with the 
recombinant vectors accumulate HA during the virus growth 
cycle, whereas cells infected with influenza virus shed HA as a 
normal part of the process of budding progeny virions. How- 
ever, it also reflects the efficiency with which the HA gene is 
expressed from a recombinant DNA virus which replicates to 
high copy number. 

Influenza HA therefore joins a number of other foreign genes 
which have been inserted into late replacement vectors of SV40 
and expressed in simian cells***°. Although it is difficult to 
obtain accurate estimates from the published data, it is clear that 
the level of expression of these genes is highly variable. Whereas 
cells infected with a late replacement vector carrying a cDNA 
copy of the rat preproinsulin gene synthesized ~10° copies 
of proinsulin per cell“, those infected with vectors carrying 
cDNA or genomic copies of -globin DNA synthesized >10’ 
copies per cell****. In only one system, however, is the foreign 
gene expressed in amounts comparable with influenza HA. 
Mulligan eż al.” report that simian cells infected with SVGT- 
RaßG, which carries the cDNA sequences for rabbit 8- globin in 
place of the gene coding for the SV40 capsid protein VP1, 
synthesize rabbit B-globin polypeptide in quantities nearly 
equivalent to the amount of VP1 produced by the helper virus. 
In our system influenza HA can be seen as a major band in 


extracts of radiolabelled vector-infected cells. We estimate that - 
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about 5-10 times more HA than VPI is produced in cells 
containing approximately equal numbers of helper and vector 
genomes. 

The late replacement vector contains none of the splice donor 
or acceptor sites used in the synthesis of late SV40 mRNAs. It 
therefore seems likely that HA, like several other viral and 
cellular proteins?“ , is efficiently trarslated from an unspliced 
mRNA. A study of the structure of the HA mRNAs synthesized 
by SVEHA3 and SVLHAS8 will be published elsewhere. 

These experiments open the way to use site-directed 
mutagenesis to dissect those parts of the molecule important in 
its structure, function and biosynthesis and which have hitherto 
been unaccessible to genetic analysis. 

Furthermore, it is now feasible to express hybrid proteins at 
the cell surface by inserting foreign nucleotide sequences into 
the vectors between the HA sequerices which code for the 
hydrophobic signal and the membrane anchoring peptide. 
Modification of these vectors by removing the anchoring 
sequences may allow proteins which are normally found only in 
intracellular locations or attached to the membrane to be 
secreted from the host cells. 

We thank Jackie Bye and Ronni Greene for technical assis- 
tance and Ed Harlow for helpful discussions and critical reading 
of the manuscript. We are grateful to Yasha Gluzman for 
providing COS-1 cells. This work was facilitated by NATO 
Collaborative Research Grant RG16).80. The work at Cold 
Spring Harbor was supported by the NCI. 


28. Horsfall, F. L. & Tamm, I. J. Immun. 76, 253-259 (9833. 

29. Gluzman, Y. Cel 23, 175-182 (1981). 

30. McCormick, F. & Harlow, E., J. Virol 34, 213-224 (5 980). 

31. Alwine, J. C., Reed, S. L & Stark, G. BR. 7. Virol, 24.2231 i1971 

32. Hirt, B, J. molec. Biol. 26, 365-369 (1967). 

33. Mulligan, R. C., Howard, H. & Berg, P. Nature 277, 108-114 (1979). 

34. Hamer, D. H. & Leder, P. Nature 281, 35-40 (197%, 

35. Hamer, D. H, et al. Cell 17, 723-735 (1979). 

36, Gruss, P. & Khoury, G. Proc. natn. Acad, Sci. U.S.A. 78, 133-137 (G81). 

37. Schaffner, W. et al. Cell 14, 655-671 (1978). 

38. Nagata, 5., Mantei, N. & Weissman, C. Nature 287, $01-408 (1980). 

39. Alestrom, P. ef al. Ceil 19, 671-681 (1980). 

40. Ghosh, P. K. et ai. J. molec, Biol, 126, 813-848 (19°74). 

41. Treisman, R. et al. Nature (in the press). 

42. Fiers, W. et al. Nature 273, 113-120 (1978). 

43, Heyneker, H., L. et al. Nature 263, 748-752 (1976). 

44. Maxam, A. M. & Gilbert, W. Proc. nam. Acad. Sei. ILSA. TA, 860-564 (1977), 

45. Luskey, M. & Botchan, M, Nature {in the-press}. 

46. Weaver, R. F. & Weissman, C. Nucleic Acids Res. 7. 1175-1199 (979). 

47. Grunstein, M. & Hogness, D. §. Prac. natn, Acad. Sei, USA. 72, 3961-3965 (1979), 

48. Harlow, E., Pim, D.C. & Crawford, L. V, J, Virol 37, 564-573 (1981). 

49. Hay, A. J. Virology 60, 398-418 {1974}. 

50. Laver, W. G. J. molec. Biol, 9, 109-124 (1964). 

51. Fraker, P. J. & Speck, J. C., Biochem. Biophys. Res. Commun. 80, 849-857 (1978), 

52. Favaloro, J., Triesman, R. & Kamen, R. Meth. Enzyen. 6§, 718-749 (1980). 

53. Ey, P. L., Prowse, S. F. & Jenkin, C. R. Pamunochemistry 18, 479-436 (1978), 

54. Gray, H. B. et al. Nucleic Acids Res. 2, 1459-1492 (1975). 

55. Choppin, P. W., Lazarowitz, S. G. & Goldberg, A. R. in Negative Srand Viruses, vol. i 
(eds Mahy, B. W. J. & Barry, R. Do) 105-119 (Academic, London, 1975). l 





Insertion of DNA activates the cryptic 
bgl operon in E. coli K12 


Ann E. Reynolds, Jefirey Felton* & Andrew Wright 


Department of Molecular Biology and Microbiology, Tufts University School of Medicine, 136 Harrison Avenue, Boston, 
a Massachusetts 02111, USA 








Soh TS ANTANTA ANAS Lh 


Spontaneous mutations which activate the cryptic bgl operon of Escherichia coli K12 are caused by insertion of DNA ata 
site, bgIR, within the operon. Two insertion elements, IS1 and ISS, have been observed to effect this activation. Once the 
activating insertion has occurred the operon is inducible by B-glucosides in a cyclic AMP-dependent manner. 





TRANSPOSABLE DNA elements in bacteria are known to be 
involved in site-specific recombination events such as inversion, 
deletion and transposition’. The insertion of such elements into 
a gene usually results in inactivation of that gene and of distal 
genes in the same transcriptional unit. However, the insertion of 
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three transposable elements, IS2, TnA and Tns (refs 2, 3 and 4 
respectively), can sometimes lead to activation of a downstream 
gene or operon due to the presence of promoters within these 
transposons. Expression from these promoters is unregulated 
and requires a unique orientation or location of the transposon 
relative to the gene being expressed. We demonstrate here that 
activation of the cryptic bgi operon in E. coli K12 occurs 
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Fig. 1 A specialized transducing phages carrying the bgl operon. The 
specialized transducing phage AAE128 was isolated by a two-step procedure 
starting with a lysogen (JF225) containing AY199 (Ac1857 xis(Am) 
$7b515b519) integrated at a secondary attachment site in the pnoS gene of 
E. coli K12. Induction of JF225 gave rise to a specialized transducing phage 
carrying the region from phoS through tnaA, identified by its ability to 
transduce a inaA” cellto naA*. A lysoger (JF369) carrying this transducing 
phage, which was integrated by homology in the tnaA region of the 
chromosome, was induced giving rise to specialized transducing phages 
carrying the chromosomal region from inaA to glmS. AAE128 is one such 
phage, identified by its ability to transduce a glmS$~ cell to gimS* (ability to 
synthesize glucosamine). AAE128 is a defective phage which carries the 
chromosomal alleles gimS*, nnaA~ and bglR°. AAW135 was isolated by 
inducing a phoS ::AY199 lysogen (AE120), infecting a inaA~ strain with the 
resulting lysate and selecting inaA” transductants. One of these trans- 
ductants, AW135, was used as the source of the maA” bgiR” transducing 
phage AAW135. AAE128 has an EcoRI restriction site in the segment of 
bacterial DNA between A’ and tma which is absent in the equivalent segment 
of AAW135 bacterial DNA. This restriction site is characteristic of the 
particular strain from which AAE128 was derived. Indicates bacterial 
DNA, w~ indicates A DNA, | indicates the EcoRI restriction sites. 





spontaneously by insertion of either ISZ or ISS into the operon. 
In contrast to the above examples of activation, expression of 
this ‘insertion-activated’ operon is subject to substrate-specific 
regulation, The mechanism which we describe for activation of 
the bg! operon represents a novel system of genetic regulation 
by transposition of insertion sequences. 

The bgl operon, which is located near minute 83 on the E. coli 
K12 genetic map, contains three structural genes required for 
the catabolism of aromatic B-glucosides, such as salicin and 
arbutin’. The operon is considered to be cryptic because these 
genes cannot be expressed, or induced, in wild-type E. coli K12. 
Wild-type bacteria are thus unable to ferment salicin (Sal }) or 
arbutin (Arb’). However, Bgl” (Sal”, Arb”) mutants can arise 
spontaneously, and in these mutants the operon is inducible by 
various B-glucosides. The genes of the bgl operon are bgiB, 
which encodes a hydrolytic enzyme, phospho-B-glucosidase B; 
bglS, whose product is a regulator of the bgl operon; and bg/C, 
which encodes a specific transport activity’. In addition to these 
three structural genes there exists a site, bg/R, which is required 
for their expression, and where the spontaneous mutations 
allowing expression of the bgl operon occur’. We have termed 
the mutations giving rise to the Bg!” phenotype, bg/R, and have 
designated the wild-type allele bg/R”, because it gives a Bgl” 
phenotype. (The nomenclature used here for the bgiR site 
differs from that used by Prasad and Schaefler® in the following 
ways. We have used dg/R® in place of bgiR* to indicate the 
cryptic nature of the wild-type site, and bg/R instead of bgi R` to 
indicate the mutant site which allows expression of the bgi 
operon.) 

Figure 1 shows the organization of the genes of the bgi 
operon. This gene order, which differs from that originally 
proposed by Prasad and Schaefler®, was determined by a physi- 
cal and genetic analysis of the bg/ operon cloned in plasmid 
pBR322 (in preparation). Merodiploid analysis has shown that 
bgiR is dominant to bgi R’ and that expression of genes B, S and 
C requires a bgiR allele cis to the structural genes’. The S 
product is frans-acting and according to the model proposed by 
Prasad and Schaefler® is a positive regulator required for 
expression of genes bg/B and bgiC. The location of the bgiR 
mutation and its cis action on the expression of the operon 
strongly suggest that transcription of the bgl operon is initiated 
near bgiR. 

The requirements for the bg/R mutation, with its cis-acting 
effects, are so specific that it would be expected to occur only at 
very low frequency. In fact, it occurs at frequencies as high as 
107% in some E. coli K12 strains, suggesting that a special 
mechanism may exist for the spontaneous bg/R® to bg/R muta- 


tion. We considered that DNA rearrangements might be 
involved and tested this hypothesis by comparing the DNA 
structure of operons containing bg/R° and bg/R alleles. 


Specialized transducing phages carry 
the bg! operon 


To examine the structure of the bgl operon, we isolated the 
AdBgl” specialized transducing phages shown in Fig. 1. These 
phages were generated by induction of lysogens containing A 
prophages in secondary attachment sites near the bgl operon. 
Two Bgl” phages were used in this work; AAE128, which carries 
a segment of bacterial chromosome from tnaA through gimS, 
and AAW135, which carries DNA from tnaA to phoS. The 
transducing phages AAE129 and AAE130 are independent 
spontaneous Bgl” derivatives of AAE128, and AAW138 is a 
spontaneous Bgl” derivative of AAW135. 

We assayed phospho-f-glucosidase B activity in cells lyso- 
genic for the series of Bgl and Bgl” transducing phages to show 
that the phage-carried operon is subject to the same regulation 
as the operon in its normal chromosomal location. The results 
(see Table 1) indicate that the Bgl” lysogens AE128 and AW135 
showed no phospho-f-glucosidase B activity either in the 
absence or presence of inducer. In contrast, the Bgl” lysogens 
AE129, AE130 and AW138 did show phospho-£-glucosidase 
B activity, but only when inducer was present. The Bgl” and 
Bgl“ lysogens are therefore regulated in the same way as the 
non-lysogenic haploid Bgl” strain RVA and its Bgl” derivative. 
The Bgl’ lysogens exhibit a range of enzyme levels which 
correlates with the intensity of their colour development on 
MacConkey salicin indicator plates. 

After activation by a bg/R mutation, expression of the bg! 
operon, in addition to being inducible by B-glucosides, is 
dependent on cyclic AMP. We showed this by constructing a 
bgiR strain (Acya) which carries a deletion of the gene for 
adenylate cyclase, cya. This strain is Lac” Mal” Bgl” on indicator 
plates, unlike its isogenic cya” parent which is Lac” Mal” Bgl”. 
The defect in the Acya strain can be corrected by the addition of 





Table 1 Specific activity of phospho-8-glucosidase B enzyme in Bgl” and Bgl” 


strains 
Phoso-§-gluco- 
sidase B activity 
Without With Induced 
Strain hel genotype Phenotype inducer inducer activity 
RVA bgiR® Bal” 0.000 0.007 0.007 
RVA (Bgl") bgiR Bgl” -0.013 0.66 0.673 
AW135 AbgiR®/bgiR® Bgl 0.02 0.035 0.015 
AW138 AbglR/bgiR® Bgl” 0.068 0.458 0.390 
AE128 AbgiR’/bglR® Bel” 0.013 0.014 0,001 
AE129 AbglR/bgiR® Bgl” 0.034 0.222 0.188 
AE130 AbgiR/bgiR?” Bgl -0.007 0.013 0.020 
AEi41 AbglR/bgiR® Bgl” 0.017 0.039 0.022 
KO618 bgiR Bel” ~0.047 0.131 0.178 
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Cells were grown to mid-log phase in M9 medium containing succinate (0.4% ) 
as a carbon source, casamino acids (0.2%), thiamine (10 pg mi~), tryptophan 
(50 wg ml’) and with or without B-methylglucoside (5 x 107° M} as inducer. Cells 
were washed with 0.8% saline and resuspended in saline to one-tenth of the 
original volume. Phospho-8-glucosidase B activity was assayed as follows”’. 0.1 ml 
of 0.14M salicin and 0.1 mi of cell suspension were mixed and incubated for 
30 min at 37 °C. The reaction was stopped by addition of 0.5 ml of 2M Na,CO,,. To 
each sample, at room temperature, 0.5 mi of a 0.6% solution of 4-amino- 
antipyrine was added, followed 15 min later by 0.5 ml of 4% K,Fe(CN),. After 
5 min at room temperature the optical density (A) at 509 nm was measured. This 
measurement was corrected for the contribution made by turbidity, Specific 
activity was determined by dividing the corrected A sa by the optical density of the 
cell culture measured at 600 nm. The values in the table are given relative to 
phospho-B-glucosidase B activity in the wild-type haploid strain (RVA) when 
grown in the absence of inducer. The control level of activity for lysogens AE129, 
AE130 and AE141 is that given by the parent Bgl” lysogen AE128, The Bgl” 
lysogen, AW135, is the analogous control for AW138. AW135, AW] 38, AE128, 
AE129 and AE130 are lysogens carrying the ABgl” and ABg“ specialized trans- 
ducing phages as described in the text. AE141 is lysogenic for Bgl“ phage derived 
by mutagenesis of the ABgl” phage present in AE128. KO618 is a Bgl” strain 
derived by mutagenesis of the Bgl” haploid strain RVA. Mutagenesis was carried 
out by placing filter disks, spotted with either ethylmethanesulphonate or nitroso- 
guanidine, on MacConkey salicin agar which had been spread with the Bgl” strain. 
Red papillae (Bgl* mutants) which appeared were isolated and purified for study. 
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Fig. 2 EcoRI restriction fragment patterns of Bg!” and Bgl* specialized 
transducing phages. Phages were obtained by heat induction of the appro- 
priate lysogen and purified in CsCl gradients. DNA was extracted from the 
phages with phenol and samples (0.75 ug) were digested with EcoRI restric- 
tion endonuclease. DNA fragments were separated by electrophoresis on 
0.9% agarose using a buffer containing 50mM sodium acetate, 10 mM 
EDTA and 0.4 M Tris pH 7.9 for 2h at 120 V. An EcoRI digest of AcI857 
$7(Am) DNA was used as a size standard*'. a, AcI857S7; b, AAE130; c, 
AAE128; d, AAE129; e. AAW138; f, AAW135 


1 mM cyclic AMP to the indicator plates, thereby restoring the 
Lac” Mal” Bgl” phenotype. 


Restriction enzyme analysis of Bgl” and Bgl* 
transducing phages 


Figure 2 shows the EcoRI restriction fragment patterns of the A 
specialized transducing phages AAE128, AAW135 and their 
respective isogenic Bgl” derivatives. Cloning evidence (A.E.R., 
unpublished observations) has revealed that the largest EcoRI 
fragment (12.0 kilobases [kb]) of AAE128 contains the entire bgl 
operon and Southern hybridization has shown that the fragment 
consists only of chromosomal DNA. In the case of AAW135, the 
largest fragment (16.0 kb) contains almost all of the EcoRI 
fragment carrying the bg/ operon and part of AEcoRI fragment 
C (see Fig. 1). The order of restriction fragments in the trans- 
ducing phages is based on mapping data of the oriC region of the 
E. coli chromosome’. 

The dgiR"-containing EcoRI fragments of AAE128 and 
AAW135 are altered by spontaneous mutation to bg/R. The 
uppermost fragment of AAE130 (Fig. 2) is slightly larger than 
that of the parent bg/R” phage AAE128, indicating that addi- 
tional DNA is present in the bg/R derivative. AAE129 and 
AAW 138 lack the uppermost fragment present in their respec- 
tive parental phages but contain two new fragments, 7.3 kb and 
5.9 kb in the case of AAE129, and 11.3 kb and 5.9 kb in the case 
of AAW138. In each case the 5.9-kb fragment coincides with 
EcoRI fragment E of phage A, as the band has the intensity of a 
doublet. These results with EcoRI and results from analyses 
using HindIII and PstI (data not shown) indicate that mutation 
from Bgl to Bgl” is correlated in each case with insertion of 
DNA. 

To measure more accurately the sizes of the insertions, we 
compared the HincII + HindIII restriction patterns of the Bgl” 
and Bgl” transducing phages. As shown in Fig. 3, a 910-base pair 
(bp) fragment which is present in both Bgl” transducing phages 
is missing in all the Bgl” derivatives, indicating that the insertion 
affecting the bg/R locus has occurred somewhere within the 
same 910-bp segment of DNA in each spontaneous Bgl* 
mutant. In AAE130 a new, larger fragment forms a doublet with 
the 1.70-kb fragment already present in the parent phage. This 
fragment was clearly resolved in a polyacrylamide-agarose gel 
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system (result not shown). Thus the insertion in AAE130 is 
790 bp. A new fragment of 2.15 kb is seen in both AAE129 and 
AAW 138, indicating an insertion of 1,240 bp. 

Thus two different DNA insertion events are correlated with 
the spontaneous mutations from Bgl to Bgl’. Eight indepen- 
dent spontaneous Bgl” mutations have been analysed, using bgl 
phages, as described above; four were found to be due to the 
smaller insertion (790 bp), the other four to the larger insertion 
(1,240 bp). Each insertion was found to occur in Bg!” derivatives 
of either of the Bgl” parent phages, AAE128 and AAW135. 
Because the wild-type bg! operon present on AAE128 ori- 
ginated from a different E. coli K12 strain line than that giving 
rise to AAW 135, we believe that activation of the bgl operon by 
insertion of DNA is a general phenomenon. 

To determine whether the DNA insertions present in the 
spontaneous Bgl” derivatives are related to known insertion 
sequences, a series of DNA probes containing IS/, IS2, IS3 and 
ISS were used for Southern hybridization analysis of restriction 
fragments from Bgl and Bgl” phages. Only those containing 
IS/ and ISS hybridized specifically to bgl operon DNA from 
ABgl” transducing phages. 

Bacteriophage P1 DNA, which contains IS/ (ref. 8), hybri- 
dized specifically to the bgl-containing EcoRI fragment of 
AAE130 DNA (Fig. 4), It failed to hybridize to DNA from either 
the parent Bgl transducing phage, AAE128, its other Bgl” 
derivative, AAE129, or the pair of phages AAW135 (Bel) and 
AAW138 (Bgl”), but did hybridize with the /ac-containing 
EcoRI fragment of Aplac3-MS348 which contains IS/°. These 
results indicate that the insertion in the DNA of the Bgl” phage 
AAE130 is homologous to IS/. Similar results indicating that the 
insertion in AAE130 is IS/ were obtained when Aplac3-MS348 
was used as a probe. The size of the insertion in AAE130 
(determined above) and the presence of PstI, Pvull and Ball 
sites (A.E.R., unpublished observations) within the insertion’ 
is consistent with this conclusion. 

Plasmid pGM1 was used as a probe for ISS. This plasmid" is a 
pBR322 derivative which contains about 1,150 bp of ISS, a 
segment of bacteriophage Mu DNA and a small portion of IS2 
(see Fig. 4 legend). Plasmid pGM1 hybridized with one of the 
two bg/R-specific EcoRI subfragments of AAE129 (7.3 kb) and 
AAW 138 (11.3 kb). It did not hybridize to the bgl fragment of 
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Fig. 3 Hincll-HindIII restriction fragment patterns of Bel” and Bg! 

specialized transducing phages. Phage DNA was digested with Hincll- 

HindIII restriction endonuclease mixture (New England Biolabs). The DNA 

fragments were separated by electrophoresis on 1.4% agarose at 120 V for 

2h. The size standard is a HpaI digest of phage T7 DNA”. a, T7 Hpal 

digest; b, AAE130; c, AAE128; d, AAE129; e, AAW138; f AAWI35: g. 
AcI857S7, Hincil-HindIII digest 
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the parent Bgl phages AAE128 and AAW135 or to that of the 
Bgl” phage AAE130. pGM1 hybridized to ACharon 1 DNA 
which contains only ISS in common with the plasmid'*. The 
bgiR-specific fragments of AAE129 and AAW138 which hybri- 
dize to pGM1 did not hybridize with Mu DNA, Ar32 (Is2)"* 
DNA or pBR322 DNA. Thus the insertion in the bg/ region of 
AAE129 and AAW138 is homologous to ISS. The size of the 
DNA insertion in these two phages and the presence of an 
EcoRI site within the insertion (previous section) lead us to 
conclude that this insertion is ISS in both cases. From this 
hybridization data and the restriction analysis of the phages we 
conclude that the orientation of ISS in bg/R is the same in both 
cases. Within the limits of resolution of the gel system used, the 
point of insertion is also the same, being 5.8 kb from the EcoRI 
site which is indicated at the immediate left end of the bgl 
operon in Fig. 1. 

pGM1 also hybridized to another EcoRI fragment present in 





Fig.4 Analysis of insertions in the bgl operon. 
EcoRI restriction fragments of ABgl” and ABgl* 
phage and control DNAs were separated on 
0.9% agarose gels, then transferred from the gel 
to nitrocellulose paper by the method of South- 
ern*>. Strips were incubated with radioactive 
probe DNA in hybridization buffer (6 x SSC, 
0.5% SDS, 1x Denhardt's buffer) at 65 °C for 
20h; then they were washed, dried and sub- 
jected to autoradiography. Plasmid pGM1 
DNA, used as a probe for IS 5, was isolated from 
cells after chloramphenicol amplification and 
purified by centrifugation in CsCl in the 
presence of ethidium bromide. Phage P1, used 
as probe for IS/, was prepared by the confluent 
plate lysis technique and purified on a CsCl 
block gradient. PI DNA was extracted from the 
phage with phenol. Both probes were labelled 
by nick translation™* using [a**-P]dATP as the 
radioactive substrate. Plasmid pGM1 was used 
as a probe for hybridizations shown in lanes a-f. 
This plasmid contains all of ISS except 97 bp 
extending from the EcoRI site in the insertion 
sequence to the end (J. Engler, personal com- 
munication). pGM1 also contains 80 bp of IS2, 
the G loop of bacteriophage Mu, and 1,800 bp 
of the a-segment and 800 bp of the 8-segment 
which lie adjacent to the G loop''. The DNA 
samples are: a, AAE130 (Bgl*); b, AAE128 
(Bgl); c, AAE129 (Bgl); d, AAW138 (Bgl”); e, 
AAW135 (Bgl`); f, ACharon 1. Pl DNA was 
used as probe for hybridization shown in lanes 
g-l; g, Aplac3-MS348; h, AAE130; i, AAE128; 
j, AAE129; k, AAW138; |, AAW135. Aplac3- 
MS348 DNA was provided by Michael Malamy, 
ACharon 1 DNA by Lucille Shapiro, pGM1 by 
Dietmar Kamp and Ar32 by Nancy Kleckner,. 


j / 


kb 


12.8 


the family of phages AAE128 (Bgl), AAE129 (Bgl") and 
AAE130 (Bgl*). This 5.5-kb fragment lies in the g/mS-uncC,D 
region of the chromosome’ which is not present in AAW135 or 
AAW 138. The presence of ISS or a portion of ISS in this 5.5-kb 
fragment is not specific to bgl, is well separated from the bgl 
operon and does not seem to be related to expression of the bgl 
operon. 


Mutagen-induced bgl* strains 


The mutagens ethylmethanesulphonate (EMS) and nitroso- 
guanidine (NTG) increase the frequency with which Bgl“ papil- 
lae appear in a lawn of a Bgl strain on MacConkey salicin 
indicator plates. As mutagens are not known to increase the 
frequency of transposition of insertion sequences, we wished to 
determine whether mutagen-induced Bgl” mutations were due 
to insertions and whether they showed the same regulatory 
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properties and dominance relationships as spontaneous Bgl” 
mutations. We therefore isolated EMS- and NTG-induced 
Bgl” mutants in both a haploid (bgiR°) and merodiploid 
(bgIR°/AbgIR°) background. Twelve Bgl* mutants were iso- 
lated from the Bgl lysogen AE128. Two of the mutations which 
led to the Bgl* phenotype were located on the specialized 
transducing phage genome. The HinclI—HindIII and EcoRI 
restriction patterns of these phages were identical to those of the 
Bgl” parent phage. Thus neither of these phages contained the 
IS7 or ISS insertions seen in the spontaneous Bgl” mutants. In 
10 of the 12 Bgl” mutants isolated, the mutations were present 
on the chromosome and were dominant to bg/R° on the phages. 

The haploid strain RVA (Bgl) was mutagenized with EMS or 
NTG and Bgl” mutants were selected. In 12 such mutants the bgi 
mutation was Pi-cotransducible with maA at a frequency of 
65-90%, which is characteristic of spontaneous bg/R mutations. 
When a Bgl” phage (AAW135) was introduced into strains 
carrying these bgl mutations, the resulting lysogens showed a 
Bgl” phenotype in all cases, indicating dominance of the 
mutagen-induced bgl mutations over the wild type. 

The mutagen-induced bg/ mutations thus appear very similar 
to spontaneous bg/R mutations in that they show the same 
dominance properties and the operons which they activate are 
inducible by B-glucosides (Table 1). However they are distinctly 
different from the spontaneous mutations because they show no 
evidence of an insertion in the bg/ region. 


Discussion 


Spontaneous mutations which activate the cryptic bgl operon in 
E. coli K12 occur at a specific region within the bg/R operon’. 
We have demonstrated here that these mutations are due to 
insertion of ISZ or ISS into a specific region in the operon. 
Operon expression in the mutants is inducible, dependent on 
cyclic AMP and requires the presence of the insertion in cis. We 
have considered two different models to explain how insertion of 
IS1 or ISS could effect the cis activation of this operon. In the 
first model, the bgl operon lacks a functional promoter for bg/C, 
bglS and bgiB; insertion of DNA into the bg/R region would 
either activate a pre-existing promoter or provide or contribute 
to promoter structure. Because the properties of other insertion 
mutations produced by IS/ and IS5 indicate that these elements 
do not show promoter activity’, it seems unlikely that they could 
provide a complete promoter sequence for transcription of the 
bgl operon. In the second model, the operon contains an opera- 
tor site which is disrupted by the insertion sequence. The 
existence of an operator sequence would imply the existence of a 
repressor of the operon. Such a repressor would be refractory to 
induction by B-glucosides. Defez and DeFelice’* have recently 
described mutations at a locus, bgl Y, which are recessive and 
which lead to a Bgl” phenotype. They suggested that bglY, 
which maps near trp, may code for a repressor of the bgl operon. 
However, in our strains, analysis of many spontaneous and 
mutagen-induced Bgl” derivatives has failed to provide any 
evidence for such a repressor; all Bgl” derivatives analysed 
contained dominant mutations located within the bgl operon. 
The Bgl” phenotype conferred by bg/Y mutations may there- 
fore be strain specific. Further work will be necessary to deter- 
mine the role of the bgl Y product in bgl operon expression. 
Analysis of two independent ISS insertions and one IS/ 
insertion indicated that all three are located within 50-100 
nucleotides of another. The insertions probably do not occur at 


Received 14 May; accepted 26 August 1981. 


1. Kleckner, N. Cell 11, 11-23 (1977). 
2. Saedler, H., Reif, H, J., Hu, S. & Davidson, N. Molec. gen. Genet. 132, 265-289 (1974), 
3. Heffron, F., McCarthy, B. J., Ohtsubo, H. & Ohtsubo, E. Cell 18, 1153-1163 (1979). 
4. BaD. E., Weiss, A. & Crossland, L. J, Bact, 142, 439-446 (1980). 
5. Prasad, I, & Schaefler, S. J, Bact. 120, 638-650 (1974), 
6. Fox, F. & Wilson, G. Proc. nam. Acad. Sci. U.S.A. 59, 988-995 (1968). 
7, von Meyenburg, K., Hansen, F. G., Nielsen, L. D. & Jorgensen, P. Molec. gen. Genet. 158, 
101-109 (1977). 
8. lida, S., Meyer, J. & Arber, W., Plasmid 1, 357-365 (1978), 
9. Malamy, M. H., Fiandt, M. & Szybalski, W. Molec. gen. Genet. 119, 207-222 (1972). 
10. Ohtsubo, H, & Ohtsubo, E. Proc. natn. Acad. Sci. U.S.A. 78, 615-619 (1978). 
11. Kamp, D. et al. Cold Spring Harb. Symp. quant. Biol, 43, 1159-1167 (1979). 
12. Blattner, F. et al. Science 196, 161-169 (1977), 












the same nucleotide because spontaneous Bel” mutants 
their levels of operon expression. The small size of the insertion — 
target and the relatively high frequency at which the spon- 
taneous Bgl” to Bgl” mutation occurs leads us to conclude that 
bgiR is a preferred site for insertion of both IS/ and IS5, — 

All the spontaneous mutations that we have analysed have 
been due to insertion of DNA. However, the frequency of- 
mutation to Bgl“ can be stimulated by treatment with chemical- 
mutagens. These mutations have similar biological properties to- 
the spontaneous mutations but do not seem to be due to 
insertion of DNA. Although it is possible that the mutagen- 
induced mutations activate the operon by a mechanism similar 
to that used by the insertions, this may not be the case. 

Activation of gene expression by site-specific recombination 
can occur by inversion, as in phase variation in Salmonella '*; by 
substitution, seen in control of mating type in yeast'®; by 
deletion, as occurs during differentiation of immunoglobulin- 
producing cells in the mouse’’; and by insertion, such as in the 
activation of a cellular onc gene in virus-induced lymphoid 
leukosis'®. All these processes appear to be part of specific 
systems of biological control; however, there are many examples 
of alterations of gene expression by non-homologous recom- 
bination which do not appear to occur by specific regulatory 
mechanisms. Examples include inactivation of genes by 
insertion of transposable genetic elements and nonspecific 
activation of a gene by integration of an insertion sequence 
carrying a promoter (for example, IS2)’, The existence of a 
preferred site for integration of two IS sequences into the bgl 
operon, the activating effect of such an integration event and the 
subsequent dual regulation of the activated operon suggest that 
this activation may be part of a specific system of biological 
control which confers some evolutionary advantage on cells 
possessing it. 

If this system is used to turn the bgi operon of E. coli on and 
off repeatedly, the reverse mutation, bg/R to bg/R°, must also 
occur and in fact it has been observed in a particular mutant 
background which has an increased frequency of precise 
excision of transposons such as Tn5 and Tn/0 (J. Hopkins and 
M. Syvanen, personal communication). One possible reason 
why the type of physiological regulation seen in operons such as 
the lactose operon might not be adequate for the bgi operon is 
that many #-glucosides are produced in nature, some of which 
are toxic, for example, the cyanogenic @-glucosides’”. Such toxic 
B-glucosides might be inducers of the bgi operon and inhibitory 
to cells which metabolize them, but not to Bgl” cells. Mutation 
from bg/R to bgIR° would enable the cell to survive exposure to 
toxic B-glucosides while conserving the structural genes of the 
operon in a form which could be easily reactivated by a dgiR 
mutation at a later time. 

Activation of cryptic genes by insertion mutations may occur 
in other systems as well and may be a widespread method of 
control. This method of mutational genetic regulation may be a 
specific example of the general class of regulation by recom- 
bination. | 
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A martian atmospheric phenomenon called a ‘bore wave’ has 
been observed by the Viking imaging system during late spring 
and early summer of two martian years, in the Tharsis Ridge 
region of the planet. Here we present the observational data and 
offer a tentative explanation for the occurrence of this feature, 
formed by airflow and which behaves like a thermally induced 
diurnal katabatic breeze. 

The bore wave has been observed on at least one occasion 
during each of the three late springs and early summers in the 
northern hemisphere by the Viking orbiters. One of the 1976 
observations of the Viking primary mission has been discussed 
by Briggs et al.'. Their Fig. 4 reveals an example of the bore 
wave obtained on orbit 62A. Table 1 gives information on the 
times relative to the annual and diurnal cycles of this 
phenomenon. 





Fig. 1 Mosaic of the region between Arsia Mons and Pavonis 
Mons obtained during the Viking Survey Mission at L, = 100.5°. 
The local time is 07.05, and it refers to the specific event shown. 
This system is used in all the images, and the pictures have been 
filtered to remove low-frequency albedo variations and thereby 
enhance details. This picture clearly shows the eastern branch over 
Noctis Labyrinthus and the associated kink at the Claritas Fossae 
Ridge. There is a slight indication of a second branch to the west of 
the ridge which is more prominent in other sequences (404S822- 
25). Top left (1.6° N, 136.1° W), top right (12.0° N, 121.0° W), 
bottom left (16.3°S, 119.9° W), bottom right (5.6°S, 105.2° W). 
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The bore wave is located in a rather restricted portion of the 
Tharsis region of Mars, bordered on the north and south by 
latitudes 0° and — 10° and on the east and west by longitudes 
110° and 120°, respectively. The south-west and north-east 
corners of this square are marked by two of the large martian 
shield volcanoes, Arsia Mons and Pavonis Mons. The south-east 
corner touches the western end of the Valles Marineris canyon 
complex while the small volcano Ulysses Patera stands at the 
north-west corner. The surface in the region is a level plateau 
roughly 9 km above the martian reference level. The fact that 
the bore wave seems to have been seen whenever this area has 
been monitored around solstice strongly suggests that it is a daily 
occurrence there. 





Table 1 Bore wave observations 


Rev Mars time E; 
1976 39A01, 02 0700 101.1 
40A30, 35 0630 101.5 
40A86-95 0645 101.5 
41A55 0830 102.0 
62A14-17 0630 111.8 
62A21-25 0700 111.8 
62A31-34 0730 111.8 
1978 701A50 0718 88.5 
735A13 0649 103.6 
735A18-33 0820 103.6 
759A87, 88 0730 114.8 
774A11 0630 121.5 
1980 334S 10,12 0830 69.8 
334S 20, 22 0833 69.8 
402S01-04 0615 99.6 
05-08 0830 99.7 
09-12 1015 99.7 
404S05-08 0545 100.5 
09-12 0630 100.5 
21-34 0715 100.6 
62-65 0945 100.6 
408S831-34 0630 102.4 
41-44 0845 102.4 
51-54 1030 102.5 
412843-44 0645 104.2 
51-54 0845 104.3 
61-64 1045 104.3 





The times given are an average for the set of images referenced. The 
areocentric longitude, L,, is measured from 0° to 360° throughout the 
martian year, so that 90° is the length of a season. 0° represents northern 
spring equinox. 


An example of the bore wave is shown in Fig. 1; the sharp, 
gently curved boundary is roughly perpendicular to the axis of 
the Tharsis Ridge. The front spans the diagonal of the square 
described above and is ~1,000 km long. Note the branch to the 
east, which is joined to the main portion by a link at the Claritas 
Fossae Ridge. On other orbits, bifurcations are observed in the 
bore wave at various locations. 

The bore wave phenomenon appears most clearly as a well 
defined discontinuity, or front, in the earliest morning views; 
occasionally, as on rev. 40A (ref. 1, Fig. 9) two distinct fronts are 
visable, the southern one having a greater curvature than the 
northern. As the morning progresses, the bore wave generally 
becomes a system of parallel, evenly spaced waves resembling a 
wave train, particularly to the west of the volcanoes, such as that 
shown in Fig. 2. The wavelength is typically 10-20 km, and there 
are generally about 10 waves in the wave train. As the waves 
encounter Pavonis Mons, they sometimes form two distinct 
branches to either side of the peak, as seen in Fig. 2. This clearly 
indicates that the atmospheric phenomenon is confined to the 
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layers near the surface of the plateau, well below the volcano’s 
summit. Cloud remnants have been detected as late as noon, 
although these generally disappear by 10.00-10.30 local time 
(LT). (The martian day or sol is 24 h 39 min 35s long. The 
equivalent system used here (to which local time refers) is to 
divide the sol into 24 ‘h’ and 60 ‘min’. Universal time refers to 
terrestrial hours and minutes and velocities are determined in 
this system.) 

The seasonal dependence is similar to that of the general 
cloud activity in the region’. In particular, the saturation of the 
morning surface layers with water vapour during this season 
permits condensation which marks meteorological phenomena, 
such as waves, that might otherwise go unnoticed. Seasonal 
changes also occur in the wind direction, inasmuch as the 
predominant wind streaks vary with season, which may be 
related to the changes in atmospheric conditions. 

A similar, but much less dramatic, phenomenon occurs in the 
north-east between Pavonis Mons and Ascraeus Mons, but 
evidence is more fragmentary; there is also some evidence for a 
similar feature in Elysium. Thus, the bore wave may not be 
unique to the Tharsis region, but is most prominent there. 

Table 1 lists all known bore wave observations. Table 2 shows 
velocities determined for days on which sets of pictures were 
obtained; the determined speeds depend on location along the 
wavefront and on time. The average speed was 21.0 ms _‘ over 
five orbits during the time intervals shown in the western section 
of the bore wave near Ulysses Patera. This speed slowed to 
6.8 ms ' for one observation at 09.56 on orbit 404S. 

In the central region, between the two large shield volcanoes, 
the average speed was 13.1 ms ' while that in the eastern 
branch was 19.1 ms _'. Velocities were determined by measur- 
ing from the leading clouds in the wave train. However, compli- 
cations arose as to the position of the corresponding clouds 
especially in the third set of images, as it is possible that the 
leading clouds had already dissipated, leaving a visible leading 
edge which corresponds to an intermediate position of the wave 
train. This is suggested in Fig. 3, where, by the third sequence, 
only part of the western wave train is visible, and the calculated 
speed was considerably reduced. 

Figure 3 shows the motions of the bore wave complex moni- 
tored on rev. 404S. Each observation is indicated by a shading 
scheme and an associated time, with the prominent clouds 
illustrated by a heavy line. Area A is relatively unobstructed 
except for the low profiles of the minor volcanoes. The topo- 
graphy of region B is represented by a trough 16km deep 
between the southernmost volcanoes of the Tharsis Ridge. Roth 





Table 2 Bore wave motions 


Average velocity 


Rev Mars time Distance moved (km) (ms `) 
1 2 3 1-2 2-3 1-2 2-3 
Ulysses Patera 
735A 06.49 08.20 150 23.9 
402S 06.00 08.09 143 17.9 
404S 06.33 07.05 09.56 54 75 19.5 6.8 
408S 06.21 08.20 210 27.6 
412S 06.47 08.28 117 16.3 
Average velocity (1-2) 21.0 (S measurements) 
Area between Pavonis and Arsia 
402S 06.31 08.47 102 12.8 
404S 06.33 07.39 37 13.3 
Average velocity (1-2) 13.1 (2 measurements) 
Western Noctis Labyrinthus 
404S 07.39 10.46 111 10.1 
412S 06.47 08.28 137 19.1 


Average velocity (1-2) 19.1 (1 measurement) 





Motion of bore wave in three distinct regions with LT averaged for the 
set of images referenced. A correction is applied to these times between 
events for longitude changes in calculating velocities. 


254, 145.4 






28.6, 115.5 





15.6, 102.7 
h 


- 89.1 
ORBIT 735A asin 


VIOLET 


061. 161 -45.0, 91.9 


Fig. 2 Olympus Mons and the Tharsis Ridge. Mosaic composed 

of pictures obtained on rev. 735 of Viking Orbiter 1. The season is 

almost identical with that of Figs 1 and 3, L, = 103.6°, but these 

views were obtained one martian year earlier. Loca! time 08.20. 

The view illustrates the ‘breaking’ of the tidal bore when it 
encounters Pavonis Mons. 


et al.’ suggest that area C has a more complex relief than is 
Suggested by the currently available topographical maps. A 
narrow, deep passage exists between Noctis Labyrinthus at 
10 km and Claritas Fossae at 9 km above the mean martian 
radius, which traps the wave form. 

The average speed in region A of Fig. 3 of the cloud associated 
with the bore wave is 19.5 ms '. However, the average between 
the second and third sequence has slowed to 6.8 ms '. Times in 
Fig. 3 are approximately at the longitude shown, whereas times 
shown in Tables 1 and 2 are calculated at different longitudes. In 
area B, the motion is complicated by upward motion on the 
southern flanks of Pavonis Mons and waves seen in Fig. 1 occur 
ahead of the principal bore wave cloud. As seen in Table 2, bore 
wave motions are considerably smaller than those further west. 
Further east, near Noctis Labyrinthus, smaller speeds are 
detected. However, the local time across the bore wave from 
west to east is >1h, and the reduced speeds in the eastern 
branch are consistent with the hypothesis that the bore wave 
decelerates. In region C, the wave is bent as well as branched. 

The season when the bore wave has been observed is charac- 
terized by extensive and diverse clouds in the Tharsis region’. 
The early morning hours are characterized by extensive radia- 
tion fogs and by ubiquitous, and sometimes spectacular, 
instability waves similar to terrestrial billows. These morning 
condensations are undoubtably associated with the low thermal 
inertias in the region* which cause enhanced nocturnal cooling 
in the layers of the atmosphere adjacent to the plateau. In the 
afternoon, convection, enhanced by thermal forcing due to the 
same low inertia, causes the formation of extensive cloud cover 
to the west of the volcanic peaks. 

The low thermal inertia of Arsia Mons and its relatively large 
horizonal extent is probably responsible for the bore wave 


ee 


632 


phenomenon. We propose that the feature is a front which 
separates a layer of air descending from Arsia Mons from the air 
native to the region. The descending currents are produced by 
the extreme cooling of air layers adjacent to the Arsia shield 
which has the lowest thermal inertias observed on the planet. 
The same downslope winds have been associated with the dust 
clouds commonly seen to the south-east in Solis Planum in a 
different season’. The region of minimum thermal inertia is 
centred on Arsia Mons; pre-dawn temperatures there are 
roughly 138 K during this season, which is 34 K below the mean 
global temperature at this local time. The atmosphere in the 
20-30 km region, corresponding to the Arsia summit, shows 
little diurnal variation; temperatures of ~ 170 K are expected 
(based on IRTM 15 um measurements). Figure 4 displays 20, 
15, 11, 9, 7 um temperature contours (K) corresponding to the 
LT of Fig. 2. Although the structure of the atmosphere below 
20 km was not precisely measured, it is likely that a thermal 
inversion occurs near the surface of the plateau due to the 
inertial effects described above. Between the top of this 
inversion layer and 20 km, the morning lapse rate is subadiaba- 
tic, as seen from the Lander 2 entry profile®. Temperatures 
measured by the other IRTM channels, also shown in Fig. 4, are 
essentially ground temperatures. The fact that To is larger 
than T, and 7;, indicates that the clouds in Fig. 2 are con- 
densate’. 

The surface layers of the atmosphere cool during the night and 
the resulting downward motion produces a katabatic wind. 
Mountain and valley breezes generated by diurnal thermal 
effects are a terrestrial analogue; similar effects are responsible 
for the sea and land breezes in coastal regions. The effects are 
magnified on Mars by the unusually large thermal contrasts in 
the Tharsis region. The front which marks the discontinuity in 
air masses is similar to the terrestrial frontal features which 
accompany the sea breezes. 


130" 125° 120° n5 
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Wave trains occur along the front after dawn when the ‘tide’ of 
mountain air should be starting to diminish. It is possible, 
therefore, that the waves are internal gravity wave solitons, as 
suggested by Leovyř. As mentioned above, the atmospheric 
state at this time is quite conducive to gravity wave effects. 
However, to excite such a wave, the large extent of the wave 
front would require a ridge across the entire Tharsis plateau 
perpendicular to its axis which is not observed in images of the 
region. 

Alternatively, oscillations could be produced by the vertical 
component of parcel velocity acquired during descent; or the 
waves could be some sort of a compressional feature formed in 
front of the rapidly moving air mass. The hypothesis for the bore 
wave presented here is supported by the visual evidence. Global 
views of the front appear to centre it on Arsia Mons, except for 
the section to the east of Claritas Fossae. Deviations from 
circularity are probably caused by the non-symmetric topog- 
raphy of Arsia’. Similar downslope currents from Pavonis 
should, because of the volcano’s smaller size, be less pronounced 
but they could tend to flatten the front and slow its advance in 
the region between the volcanoes as observed. Interactions with 
global circulation and thermal tides, variations in roughness and 
small-scale topography would produce asymmetries. 

The descending currents are considerably drier than the air 
prevalent on the Tharsis Ridge. The latter is saturated at night, 
and extensive fogs are observed. It would be expected that fogs 
would not readily form behind the front because of the relative 
dryness of the air. Some of the pictures do suggest such a 
contrast; because the layer of drier air may not reach the surface, 
fogs could still exist near the surface making generalizations 
difficult. By noon LT, the surface is heated sufficiently to 
produce convection in the lowest layers and during this season 
extensive clouds with a cellular structure may form near the 
volcanoes. This is evident on orbit 404S (404S867-68). Briggs et 


Fig. 3 Motions of the bore wave 
complex, monitored at universal time 
difference of about 45 min and 3 h on rev. 
404S of Viking Orbiter 1. The primary 
fronts are shown as heavy lines. The 
USGS topographical map of the Tharsis 
Ridge with contours in km is used for 
reference with north at the top. Region A 
is a relatively unobstructed region with a 
few minor volcanoes. Region B is 
represented by a wide trough 16 km deep, 
while region C is a region of complex 
topography. The local times of the 
individual bore waves are indicated on 
the diagram together with an indication 
of their flow in a generally northerly 
direction. 
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al.’ suggest that during the afternoon unslope winds lead to 
adiabatic cooling of the air and condensation of the water 
vapour, forming a phenomenon known as the W or M cloud. 

The position of the bore wave would seem to be due to the 
large volume of Arsia relative to Pavonis and Ascraeus as well as 
to the somewhat lower thermal inertia of the Arsia region. 
However, downslope currents should exist on all mountains and 
as mentioned above, there is some evidence for similar, though 
much weaker, features associated with the other shield vol- 
canoes on Mars. Interactions between the winds from Arsia and 
Pavonis currents may explain the shape and some structure, such 
as branching, in the front. 

Thus, the bore wave is qualitatively consistent with a ther- 
mally induced diurnal katabatic breeze. The branch to the east 
of Claritas Fossae, to the south of Noctis Labyrinthus, in the 
vicinity of 15°S 105° W, is the hardest to understand. As the 
front terminates at the ridge, the eastern branch may be locally 
enhanced from the Noctis Labyrinthus region, which is 2 km 





LATITUDE 






Fig.4 Temperature contours (K) ord 
values of 20, 15, 11, 9 and 7 wm IR 
nels of IRTM, obtained simultane 
with the pictures of Fig. 2, are displayed 
here. The structure evident in the ground 
temperature channels (all but Tys} mostly 
reflects contours of constant local time. — 
and topography, there is insufficient 
resolution to cetermine the temperature. 
structure of the bore wave. Comparisons 
of the channels suggest condensate fogs, 
consistent with the expected cloud. 
composition, Ta 
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higher than the Solis Planum region to the south with the | 
the eastern branch, It is also possible that downslope winds from 4 
both of the southerly Tharsis volcanoes combine to produce the — 
Syria Planum branch. 

G.E.H. and A.O.P. are supported by the SRC, P.B.J. and 
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The atmospheric CO, content has increased significantly over 
recent decades, mostly as a result of the burning of coal and oil; 
and it could double in less than a century’*. Because the CO, 
molecule absorbs radiation in the thermal long-wavelength 
domain, it contributes to the blanketing or greenhouse effect of 
the atmosphere, and an increase in atmospheric CO, would be 
expected to lead to a rise in the mean surface temperature of the 
Earth'*. Early estimates indicate that for doubled CO, the 
surface temperature would be raised by 1-10 K, but recent 
numerical experiments with radiative-convective or general 
circulation models (RCM, GCM) of the atmosphere seemed to 
narrow this range to 2-4 K (see refs 2-6). However, Newell and 
Dopplick’, and Idso*, argue that these results are inconsistent 
with the observed or computed values of certain terms of the 
surface energy budget, which seem to indicate a far smaller 
sensitivity. Here, I examine all of the terms of the surface energy 
budget’~"’ and find that there is no basic disagreement between 
the surface energy budget approach and the more elaborate 
model experiments, provided that there is a clear distinction 
between external perturbation and atmospheric feedback, and 
that equivalent representations of surface processes are used. 
However, the temperature and humidity dependence of the 
terms of the surface energy budget shows that the surface 
temperature sensitivity depends critically on the way in which 
the atmospheric humidity evolves, and on the degree of 
compensation in the perturbation of the latent and sensible heat 
fluxes. 

If the Earth’s atmosphere were in radiative equilibrium, it 
would be relatively straightforward to evaluate the differential 
greenhouse effect of the added CO2. However, the steepening of 
the atmospheric temperature gradient is limited by the possi- 
bility of nonradiative transport of sensible and especially latent 
heat. As far as the surface is concerned, the greenhouse is 
‘drafty’, and so the CO, heating is distributed throughout the 
atmosphere. 

In terms of the absorbed solar flux A, net upward longwave 
flux F, and net upward sensible and latent heat fluxes $ and LE 
(where L is the latent heat of vaporization in J kg’ H,O and E is 
the rate of evaporation in kg H:O m™’s"'), the surface energy 
budget is: 

A=F+S+LE (1) 


Doubling the CO, increases the long-wavelength optical thick- 
ness of the atmosphere and its downward long-wavelength 
emission, in the absence of any other changes. This is the proper 
external perturbation of the system, X = 1.3 W m~™?, which must 
be distinguished from radiation feedback terms, AF, due to 
changes in atmospheric temperature and humidity; these can be 
substantially larger'*. Estimates by Ramanathan‘ and by Newell 
and Dopplick suggest X = 1.3 W m°. The perturbation equa- 
tion is: 

X=-AA+AF+AS+ALE (2) 


The reciprocal surface temperature sensitivity A = X/AT is then 
given by: 

A=AotAin (3) 

(Ao, Ay) = (0/8T, 8/ 3H -A +F +S +LE) (4) 


and n = AH/AT describes how the absolute humidity (vapour 
pressure) near the surface changes with temperature. I assume 
here that AA = 0: although both cloud and ice-albedo feedbacks 
may be major factors in the ultimate climate response, they are 
irrelevant to the present discussion. 
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Newell and Dopplick’ and Idso* refer to the surface energy 
budget and give results which imply a low surface temperature 
sensitivity (high A ), Idso relies on experimental data, Newell and 
Dopplick note that the term dLE/éT dominates A, and must be 
of the order of 10 W m`? K` or higher. In RCM experiments, 
one-dimensional models of the global mean atmospheric struc- 
ture with height are constructed for different values of external 
parameters such as the solar constant, atmospheric CO, content, 
or surface albedo; moreover, the absolute or relative humidity 
distribution is also treated as an independently variable 
parameter of the system. With the convective adjustment pro- 
cedure, radiative equilibrium is imposed (LE = § = Q) in those 
layers in which the lapse rate is subcritical; elsewhere the sum 
(LE +S) is implicitly determined as satisfying zero total energy 
flux divergence, the total radiative flux divergence being 
determined by the assumed critical lapse rate. From the results 
of RCM experiments carried out at fixed absolute humidity 
(AH =0), the value of a(LE+S$)/adT at the surface can be 
extracted. In GCM experiments, three-dimensional time- 
dependent models of the atmosphere are used, and values of 
different atmospheric quantities are computed for different sets 
of external parameters by taking means over sufficiently long 
runs of simulated weather. The global mean surface values of $ 
and LE are available, separately, but the contributions 0/47 and 
0/dH to A cannot be separated, because H is not an independent 
parameter of the calculation. 

The contribution of the longwave flux feedback AF to Ay and 
A, can be evaluated using a version of Brunt’s formula’*: 


F=oT'-—F|=oT*(a—bVH) (5) 


This implies that the relative distributions of temperature and 
humidity with height are not substantially changed by the 
external CO, perturbation, and that they are similar to those 
from which Brunt’s empirical formula was derived. This is 
consistent with the troposphere as a whole being heated. Cool- 
ing of the stratosphere has little direct effect on the downward 
longwave flux F} at the surface, although it is an essential part of 
the maintenance of global energy balance. Adopting a = 0.36 
and b = 0.06 yields values of F, dF/dT and dF/dH consistent 
with other estimates ’:'*~'® (Tables 1 and 3). For fixed relative 
humidity A=0.77 and temperature 288K, dF/dT= 
—2.0 W m”? K7!; without feedback in other terms of the surface 
energy budget, this would lead to A <0 and an unstable situa- 
tion”. 

Idso® has suggested that ‘natural experiments’ can be used to 
estimate surface temperature response, dividing an observed 
change in surface temperature by an observed change in down- 
ward long-wavelength flux. Such a procedure yields a quantity 
A’=(X+AFI)/AT or A'=A+0FL/8T =A +46 Wm” K” 
using equation (5), so that for A =0.5, A'=5. Failure to dis- 
tinguish between external perturbation X and atmospheric 
feedback AF | leads to an estimate of surface temperature 





Table 1 Observed and computed values of the terms of the surface 


energy budget 
X A F LE S Observed 
0 157 52 88 17 Ref. 16 
9 166.0 63.5 75.4 27.2 -= Standard, ref, 19 


1.3 165.3 60.6 80.9 25.1 2 x CO,, ref. 19 


Case Computed in this paper T h C 
1 154.4 55.8 784 20.2 288 077 20 
2 133.7 47.3 578 28.6 291 0.80 14 
3 180 18.2 71.3 40 300 0.80 10 


i SOE en i L EE A EAN I N 
Units: A, F, LE, S (Wm); T(K); C(W m”? mbar’ |); h = H/H,. 
Case 1, standard global mean conditions; case 2, gives greater weight 

to warmer oceans with lower wind speeds. F, LE and $ are computed 

using equations (5), (6) and (7) respectively, with C as shown, while A is 
obtained from the surface energy balance condition (equation (1)). Case 

3 is given as a representation of a tropical sea surface (the Newell and 

Dopplick case): F and LE are computed as above, but A and S are set 

arbitrarily; note that energy balance is not satisfied. 
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Table 2 Temperature sensitivity, for fixed absolute humidity, of the 
terms of the surface energy budget 


Case ~@A/8T aF/8T aLE/aT 48/aT y Ao 
1 0 +077. 422.0 ~8.4 0.38 14.4 
2 0 0.65 18.2 ~6.9 0.38 12.0 
3 0 0.24 21.0 0 0 21:2 
4 0 1.38 33.3 +2.0 Q 36.7 
5 0 0.8 20 20 1 0.8 
6- 0 -ii 20 =§ 0.4 1 





(Units: W m? KH) 

Cases 1, 2, 3, as in Table 1, assuming 6$/a7T = 0 for case 3. Cases 4 and 
5 represent my interpretation of the Newell and Dopplick’ and Manabe 
and Wetherald’* results respectively, while case 6 represents an extreme 
case of what might be called condensation-radiation feedback. 


sensitivity that is an order of magnitude too small. The results of 
Idso’s natural experiments do not contradict model predictions. 

The dominant contributions to A, and A, come from terms LE 
and $. The usual parametrization for LE is: 


LE = C(H,- H) (6) 


where coefficient C is proportional to wind speed, and H, and H 
are the saturation and atmospheric vapour pressures respec- 
tively”. The sensible heat flux S can similarly be taken to be 
proportional to the temperature gradient near the surface; the 
steepness of this gradient is limited by the latent heat flux’”'*. 
This behaviour can be represented approximately by S = 
So mr y LE, or 


S+LE=S )+C(1-y'\H,-H) (7) 


In their CO, doubling GCM experiments, Manabe and 
Wetherald’’ found AS/ALE = —0.38. With this value for y’, the 
surface energy budget terms (compared in Table 1 with semi- 
empirical estimates'®) are consistent with C of the order of 
10-20 W m~ mbar™’, as are the contributions of these terms to 
Ao and A, (Table 3). These are an order of magnitude larger than 
the radiation feedback terms. 

For fixed absolute humidity, A = Ay = 10-15 W m`? K"'. This 
is roughly consistent with the Newell and Dopplick estimate of 
Ao=30 W m™ K™' over tropical seas where latent heat libera- 
tion dominates. Their value of 20 W m? K~ takes into account 
the fraction of tropical latitudes covered by desert regions where 
sensible heat flux dominates and Aj~2Wm’K™. As they 
assume S and LE are independent and not competing fluxes, 
they implicitly assume y'=0. In our formulation, partial 
compensation in latent and sensible heat flux sensitivity to 
temperature does slightly reduce Ao, thus enhancing the surface 
temperature sensitivity. These values remain in discord, 
however, with the value Ay = 1 W m~? K~ found by Manabe and 
Wetherald’* using an RCM with fixed absolute humidity. 
Considering equation (2) and noting AA = 0, a(LE +$)/aT = 
Ag~ 6F/dT = —-0.2 Wm’ K™'=0 if Ao=1. There is nearly 
complete cancellation of changes in LE and S, that is y'=1,ina 
sense the opposite of what Newell and Dopplick assumed. This 
implicit parameterization of the nonradiative transport terms is 
probably unrealistic and inherent in the conditions of fixed 
absolute humidity and convective adjustment to a fixed critical 
lapse rate (such as 6.5 K km‘). Because these conditions fix 
both the distribution of temperature and that of longwave 
absorber/emitters in the lower atmosphere, they leave no room 
for significant changes in the net upward longwave flux, and 
because the sum of the radiative and nonradiative fluxes must be 
constant, with AA = 0, then A(LE +S) must also be 0. Various 
estimates of terms contributing to Ao, illustrating the role of Yy', 
are shown in Table 2. 

In the above argument, no explicit distinction is made 
between the surface temperature T, and the near-surface air 
temperature T,. Ramanathan*** has noted that the downward 
longwave flux is substantially enhanced as a result of the increase 
in air temperature due to condensation of the additional water 
evaporated as surface temperature rises. This effect is 


Arin tances in re 


incorporated in our evaluation of 6F/aT, which assumes Ty 
T,= T. A strongly negative AF would help to cancel the stro: 
positive ALE, as shown in Table 2. This would require that 
T,— T, should fall as both temperatures rise, which would be the 
case if most of the additional condensation occurred fairly lowin ` 
the atmosphere; in such conditions equation (5) underestimates 
the magnitude of AF. However, I doubt that this can explain the ~ 
low value for Ay given by Manabe and Wetherald’’, because it — 
requires AF > —-11 Wm’, with AH = 0, while even with AH = | 
+3 mbar and a GCM representation of atmospheric heating by 
condensation, the later result’? was AF = -3.1 W m”. i 

Fixed absolute humidity (74 = 0) is extremely unlikely, as it 
requires very high sensitivity of the precipitation rate P: either 
éP/dT or ðP/ƏH, or both, must be strongly positive. However, — 
the assumption of fixed relative humidity (7 = 7,), although 
reasonable’, remains arbitrary’. Note that for some cases, — 
fixed relative humidity cannot be maintained: A = 0 for a critical 
value n =7.<7,. The Manabe and Wetherald’’ results may 
have suggested that the difference between the two cases (7 = 
0, n =n.) was modest, but the above analysis shows that this 
depended on the unrealistic implicit assumption y = 1. There- 
fore, the exact value of 7 is needed, as the reciprocal tempera- 
ture sensitivity A =A +A,n, and Ay and A; are opposite in sign 
and of comparable (large) magnitude. a 

In the Manabe and Wetherald GCM experiments”, relative 
humidity near the surface rises by a few per cent when the CO, 
doubles or when the solar constant increases by a few per cent. 
Using the NCAR GCM, Schneider et al.’ found much smaller 
increases (0.57%) in relative humidity near the surface, accom- 
panying a rise of 2 K in surface temperature; relative humidity in 
higher layers, together with cloud area, fell by a few per cent, 
even though evaporation, precipitation, absolute humidity and 
liquid water content all increased. Roads** noted the influence 
of the model large-scale saturation limit: when it is set at 100%, 
higher relative humidities are reached than when it is reduced 
to 85%. Clearly a GCM will tend to maintain fixed relative 
humidity when this is close to the saturation limit adopted 
originally. 

Results of GCM experiments, indicating a reciprocal surface 
temperature sensitivity A = 0.5 W m” K`}, can be interpreted 
as revealing nearly complete cancellation of much larger terms 
related to the nonradiative energy fluxes at the surface. It would 
be easier to understand the GCM results, if the experimenters 
reported (as did Manabe and Wetherald’*) global mean values 
of the components of the surface energy balance, and gave more 
details on the parameterizations used for such critical processes 
as evaporation, sensible heat transport and condensation. We 





Table 3 Combined temperature and humidity sensitivity of the terms 
of the surface energy budget 


Ag, AJLA AT 


f= F LE S 

Case 1 ġ/ðT +0.77 +22 -84 +14.4 

ö/aH = ~-3.23 ~20 +7.6 ~15.6 
O(n =0.80)= -1.81 +60 ~-2.32 +19 O.7 
O(n, =0.85)= -1.98 +5.00 ~-1.94 +11 1.2 
dfn =O0.91)=  —2.17 +380 -1.48 +0.15 87 
Case 2: 6/dT +0.65 +18.2 —6.9 +12.0 

ā/ðĦH = -3.00 -14.0 +53 —11.7 
O(n = 0.8) = ~1.75 +7.00 ~2.66 +2.59 0.5 
n = 0.9) = —2.05 +5.60 ~-2.13 +142 09 
hdn = 1.0) = ~2.35 +4.20 -1.60 O2 Sue 
Case 3 3/aT +0.24 +21.0 0 +24.2 

0/8H ~2.58 ~-10.0 0 ~12,5 
O(n = 1.0) = —2.34 +11.0 0 +8.68 0.15 
O(n = 1.5) = —3.63 +6.0 0 +2.37 0.55 
O(y,=1.68)= ~-4.09 +42 0 +0.11 11.8 
Results given in Fig. 10 of ref. 19 yield 
bn = 1.02) -0.99 +1.88 -0.72 +0.41 2,93 


a 


ie 


with a term ġa = +0.24, corresponding to AA = ~-0.7 W m` 
Units: f, F, LE, $ (W m°); T (K); H (mbar); n (mbar K’); A, b(n) = 
af/aT + naf/aH (W m? K™'): AT computed for ¥ = 1.3 Wm”. 
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are still far from realistic parameterizations of these processes, 
and this casts doubt on the accuracy of the results. Table 3 
illustrates how only slight changes in 7 lead to large differences 
in A. The sensitivity may be low. However, the possibility that 
the temperature sensitivity to CO, increase could be even higher 
than values currently cited, with a lagged response masked for 
the time being by random fluctuations”, should be investigated. 
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Winsor IV systems’, or microemulsions’, are macroscopically 
monophasic fluid transparent compounds made up by mixing 
water and hydrocarbon in the presence of suitable surface active 
agents. Depending on composition factors, either water-in-oil 
(w/o), or oil-in-water (o/w), type systems can be formed. The 
so-called microemulsions have been intensively investigated’ * 
because of their potential applications as liquid agents in tech- 
nical processes (for example, enhanced oil recovery, photo- 
chemistry and biotechnology). As they belong to the class of 
short-range organized fluids, microemulsions also concern 
condensed matter physicochemists interested in elucidating 
their structural properties” ’*. That critical phenomena can be 
observed in microemulsions is confirmed by reports that the 
electrical conductivity variations with water content increasing 
in certain w/o microemulsions can be accounted for on the basis 
of the Percolation and Effective Medium theories’*"*. It has 
been suggested**""* that percolative conduction reflects disperse 
aqueous droplet clustering and interlinking processes predictive 
of a w/o to o/w transition (phase inversion), involving the 
formation of equilibrium bicontinuous structures described by 
Scriven’’ as being “related to ordinary liquids as porous media 
are to homogeneous solids”, and modelled by Talmon and 
Prager’ as a random geometry of interspersed water and hydro- 
carbon domains generated by a Voronoi tesselation. This 
suggestion is supported by the results reported here, showing 
that the existence of bicontinuous structures in Winsor IV 
systems could be identified with the limited composition range 
separating the w/o and o/w microemulsion regions and over 
which a post-percolation anomalous conductive behaviour is 
observed. 

Monophasic microemulsions can be defined as populations of 
minute composite globules with diameters in the range 50- 
500 A and suspended in either a hydrocarbon phase in the w/o 
case or an aqueous phase in the o/w case. The composite 
globules consist of a mixed surfactant and cosurfactant spherical 
layer surrounding an internal concentric spherical core made up 
of either water (w/o), or hydrocarbon (o/w). In a pseudo- 
ternary phase diagram’ °’, two main situations can be encoun- 
tered, depending on composition factors such as the alcohol 


conformation’’*°. For a type of system such as water/SDS/1- 
pentanol/benzene'®*” or water/potassium _oleate/1- 
hexanol/hexadecane’’, the monophasic w/o and o/w areas are 
disjointed and separated by a region of turbid viscous media. In 
that case, on increasing the water content, the w/o to o/w 
transition (phase inversion) occurs through a sequence of struc- 
tural changes that are detectable on a macroscopic scale and for 
which the following pattern: w/o globules>w/o cylinders > 
interspersed water, surface active agents and hydrocarbon 
lamellar structures > w/o globules has been suggested*'**. Fora 
second type of system such as water/potassium oleate/1- 
butanol/toluene'*’® or water/SDS/2-methyl-2-butanol/ben- 
zene’’*’, the w/o and o/w areas merge to form a unique 
transparent monophasic domain that has the shape of a curvi- 
lineal triangle, as shown in Fig. 1. In that situation, the w/o to 
o/w transition is diffuse as no major macroscopic changes are 
induced, and the phase inversion region cannot be detected and 
located, as above, either visually or by turbidity tests. 

The present experiments show that by studying the electrical 
conductive behaviour of the second type of microemulsion, it is 
possible to locate and delineate the w/o to o/w diffuse transition 
region within which the systems could be in a dynamical equili- 
brium bicontinuous state. 

The microemulsions were made from distilled water and 
highly pure benzene (Fluka AG, 99%), the cosurfactant being 
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Fig. 1 Massic pseudo-ternary phase diagram of the system 

water/SDS/2Me-2BU/benzene. SDS to 2Me-2BU mass ratio 

k =1/2. T=298 K. S, 100% combined SDS and 2Me-2BU; W, 

100% water; O, 100% CsHsęs. The blank area is the realm of 

existence of transparent isotropic monophasic systems. For curves 
Cp, and Cm, see text. 
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Fig.2 Variations of ø with ¢,,. The mass fraction p, of combined 
SDS and 2Me-2BU in the systems is kept at 60%, as illustrated by 
line a. General specifications as in Fig. 1. 


2-methyl-2-butanol (2Me-2BU), (Fluka AG, 99%) and the 
surfactant either SDS (Touzard and Matignon, 99%) or potas- 
sium oleate (KOI; Fluka AG, technical grade). The surfactant- 
to-cosurfactant mass ratio k was kept equal to 1/2 in the case of 
SDS and 3/5 in the case of KOI. Within the corresponding mass 
pseudo-ternary phase diagrams, the existence of transparent 
isotropic monophasic media (blank area in Fig. 1) was deter- 
mined at room temperature through visual observations of 
systems whose compositions had been evaluated through 
accurate weighing. The values of ¢,, the volume fraction of 
water in the systems, were derived from those of the water mass 
fraction p, by means of a digital density meter (Anton Paar 
DMA 45). Using a Wayne Kerr B 331 autobalance precision 
bridge and Mullard platinated cells (Philips), determinations of 
the low-frequency electrical conductivity were carried out at 
1.59 kHz and 298 K run by run along composition paths such as 
line a in Figs 2 and 3 or line 8 in Fig. 4. As the system 
composition varies by addition of water, the mass fraction p, of 
combined surfactant and cosurfactant in the first case ( a-paths), 
or the mass ratio r of hydrocarbon to combined surface active 
agents in the second case (8-paths), remains constant. More 
details of the experimental procedures are given 
elsewhere 1571519721 

Figure 2 shows the variations of the electrical conductivity 
with w, the disperse water volume fraction, recorded on 
microemulsions in which p,, the mass fraction of combined 
surfactant and cosurfactant, was kept at 60%, as illustrated by 
line æ on the phase diagram. Similar plots were obtained for 
values of p, ranging from 55% to 80%. The conductive 
behaviour described by Fig. 2 represents a percolation 
phenomenon. The characteristic toe at the bottom of the plot 
can be modelled using a scaling law’***, while the linear upper 
part of the curve can be depicted through the Effective Medium 
Theory by means of an equation derived from the general 
B.B.L.*°* expression of the electrical conductivity of binary 
composites. Percolative conduction phenomena in micro- 
emulsions can be explained by assuming the existence of a 
progressive droplet interlinking and clustering process, as the 
water content is raised, the conduction mechanism being essen- 
tially interfacial'*"'*. As illustrated by Fig. 3, for values of p, in 
the range 0.35-0.55, the conductivity plot recorded along line a 
exhibits in its upper part a marked curvature indicating that, past 
a critical water content, (¢, = 0.365 or pa = 0.39 in the example 
shown), the variations of e with ¢, do not conform with the 
Effective Medium Theory model. This phenomenon suggests 
the existence of a new conduction mechanism reflecting struc- 


See 


nace 


tural alterations undergone by the microemulsion system at 
higher water contents. By plotting on the phase diagram of Fig. 1_ 
the points M, corresponding to the system compositions 
computed from the critical values of ¢,,, it is possible to define 
the curve labelled C, that appears to be an internal boundary of 
the monophasic region. Figure 4 shows the variations of o with 
$„ recorded along line 8, that is, on microemulsions in which. te 
the mass ratio of benzene to combined surfactant and cosur-. 
factant, was kept at 1/9. Similar plots were obtained for other 
values of r. In the example shown, up to values of ġ, = 0.41 or so” 
(point M, ), the features of the conductivity plot are similar to 
those of Fig. 2, the toe at the bottom and the medium linear part | 
being characteristic for a percolative conduction in w/o micro- 
emulsions. Past this critical water content (¢, = 0.41 or p, => 
0.435), æ increases more slowly, reaches a maximum (point. 
M m ) for @, = 0.60 (p, = 0.62) and then decreases down to the 
value of bulk water conductivity that can be considered equal to. 
zero compared with microemulsion conductivity values. It has 
been demonstrated’”*® that the descending branch of the o 
compared with the ¢, curve is typical for o/w microemulsions: 
whose global conductivity decreases because of the progressive 
dilution of their continuous aqueous phase with water. 
Consequently, the conductivity curve between points Mj, and 
Mm indicates the existence of a special conduction mechanism 
reflecting an intermediary physical state of the system. These 
results, gained along composition paths such as line 8 in Fig. 4, 
are in perfect agreement with those obtained along composition 
paths such as line a in Fig. 3, as illustrated by the filled triangles 
in Fig. 1 which represent system compositions calculated from 
the critical values of ¢,, corresponding to the linéar/nonlinear 
transitions (point M, ) observed on conductivity plots such as 
that of Fig. 4. In addition, points Mj, (filled squares in Fig. 1), 
that represent system compositions at which, along B-paths, o 
reaches a maximum, define the curve C,, that seems to be 
another internal boundary of the monophasic region. Similar 
conclusions were derived from the study of systems involving as 
the surfactant KOI instead of SDS, which proves that surfactant 
nature and purity does not affect fundamentally the phenomena 
observed. 
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Fig. 3 Variations of æ with ¢,. The mass fraction p, of combined 
SDS and 2Me-2BU in the systems is kept at 40% , as illustrated by 
line a, General specifications as in Fig. 1. 
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Fig. 4 Variations of o with dy. The mass ratio r of CoH, to 
combined SDS and 2Me-2BU is kept at 1/9, as illustrated by line £. 
General specifications as in Fig. 1. 


These results show that the unique monophasic region of 
microemulsion systems of type 2 can be divided into three 
sub-regions labelled on Fig. 1 W/O, IZ and O/W. The boun- 
daries between the subregions are curves C, and Cm that are 
defined experimentally as conductivity transition loci. Within 
W/O, that is, for low water contents, the systems exhibit a 
percolative electrical conduction (Fig. 2) that can be accounted 
for by considering droplet interlinking and clustering processes 
in w/o-type microemulsion’*’*®. Within O/W, that is, for high 
water contents, the systems are made up of hydrocarbon spheres 
surrounded by a mixed surfactant and cosurfactant film and 
suspended in an aqueous phase whose conductivity decreases on 
addition of water (descending branch of Fig. 4). In the IZ 
sub-region, bounded by curves C, and Cm, the anomalous 
conductivity behaviour after the percolation regime (Fig. 3) 
suggests that the systems are in a hybrid state which is neither 
w/o nor o/w. IZ can thus be considered as the phase inversion 
zone over which the w/o to o/w transformation occurs progres- 
sively, the systems undergoing no brutal macroscopic altera- 
tions, in contrast with the phenomena encountered in the case of 
type-1 microemulsion systems whose phase diagrams exhibit 
two disjointed monophasic areas’’’*. These results strongly 
support the previous suggestion’*"° that the model of bicon- 
tinuous structures could be applied to the phase inversion 
phenomenon in Winsor IV systems. It has also been proposed”’, 
on the basis of viscosity and conductivity data, that middle- 
phase microemulsions which are fluid transparent isotropic 
media in equilibrium simultaneously with an excess water phase 
and an excess hydrocarbon phase could be assimilated to bicon- 
tinuous structures. Should so-called bicontinuous structures be 
more than a theoretical concept, they deserve thorough investi- 
gation as they could represent an unusual type of multi- 
component organized fluid in dynamical equilibrium. We are 
hoping to generalize the results reported here by investigating 
microemulsion conductive behaviour as correlated to phase 
diagram features and cosurfactant conformation. 

This work is part of an interdisciplinary research program 
developed at the Université de PAU et des Pays de l'Adour, 
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An outstanding problem in Antarctic tectonics is the relation- 
ship between the East Antarctic craton and the late Palaeozoic- 
Cenozoic orogenic belts that comprise Western Antarctica’ 
(Antarctic Peninsula, Ellsworth Land, Eights Coast and Marie 
Byrd Land; see Fig. 1a). Related problems are the place of 
Western Antarctica in reconstructions of Gondwanaland and 
the evolution of the Pacific margin of Gondwanaland. We 
present here palaeomagnetic data derived from folded 
Cambrian argillites that crop out in the Ellsworth Mountains 
which were collected during the 1979-80 austral field season. 
Although the early Palaeozoic palaeomagnetic field of 
Gondwanaland is characterized by rapid apparent polar wander, 
at the present level of coverage, the data are consistent with 
rotation of the Ellsworth Mountain block with respect to the 
East Antarctic craton, as postulated by Schopf’. This result 
supports a microplate nature of Western Antarctica. 

The geology of the Elisworth Mountains has been sum- 
marized by Craddock’. A continuous sedimentary sequence is 
estimated to be at least 13 km thick and to range in age from late 
Precambrian(?) to Permian. The outcrops display a variety of 
fold types with fold axis trending 310°E in the southern part to 
345° in the north. The sedimentary section and style of folding 
have been compared with that in the Pensacola Mountains** 
and the Cape Fold Beit’, and the deformation in the Ellsworth 
and Pensacola Mountains is related to the early Mesozoic 
Gondwanide orogeny’ *. 

The structural trends of the Ellsworth Mountains appear to be 
perpendicular to those of the Pensacola Mountains, Schopf? 
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Table 1 Mean-site directions, statistics and pole positions from the Cambrian of the Elisworth Mountains 





Sampling site 


Site Lat. Long. Tilt correction 

1 79°12'S 85°54'W Before 
After 

2 79°09'S 85°56'W Before 
After 

3 79°10'S 86°10'W Before 
After 

4 79°12'S 86°03'W Before 
After 

2 79°08'S 86°13'W Before 
After 

Mean Upper 79°S 86°W Before 
Cambrian After 


Pole position after rotation 82° clockwise about a Euler pole (84°S, 300°E) 


10 
5 


z ` Pole 

D I k gs Lat. Long. dp dm 
331° 33° 14 if 

13° 17° 15 16° 
328° 33° 6 26° 

20° 24° 6 26° 

14° 18° 22 12° 

20° 9° 25 11° 
352° —63° 6 24° 

36° 10° 6 24° 

22° ~16? 11 15° 

21° 4° 11 15° 
357° R° 3 Sge wek tė 

22° 13° 52 11° 4°N 296°E ST ARE 

1°S 18°E S M 





‘Tilt correction’ denotes whether the parameters are before or after structural correction is applied; N, number of samples or sites from which the 


mean is calculated; D, mean declination; J, mean inclination; k, estimate of Fisher's precision parameter’ 
; the palacomagnetic pole is calculated from the mean of the structurally corrected mean-site directions; dp and dm are the axes of 


95% confidence’ 
the oval of 95% confidence a 


suggested that the Ellsworth Mountains are allochthonous with 
respect to the Pensacola Mountains and placed the Ellsworth 
Mountains north of the Pensacola Mountains (Fig. 15) so that 
the structural trends align; this hypothesis has since been 
elaborated*’. Others** have suggested that the Ellsworth 
Mountains are autochthonous, with the structural trends 
continuing beneath the ice, swinging through 90° to align with 
the Pensacola trend. 

During the 1979-80 field season, a major field programme in 
the Ellsworth Mountains was conducted by the US Antarctic 
Research Program’, which included a systematic palaeomag- 
netic collection of the Cambrian to Devonian sedimentary 
section. Beforehand, the magnetic remanence of a suite of 
unoriented samples collected by expeditions during the early 
1960s was investigated by stepwise alternating field and thermal 
demagnetization and plotting the results on the orthogonal 
projections of Zijderveld'’. Promising lithologies were 
identified on the basis of linear trajectories on the projections'', 
consistency of directions within a given sample and the physical 
properties of the remanence, such as coercivity and blocking 
temperature consistent with single-domain carriers. Haematitic 
argillites of the Upper Heritage Group from Pipe Peak (79°09’S, 
84°14'W) were identified as promising targets because the 
highest blocking-temperature component of their multivector 
remanence had shallow inclination relative to the bedding plane. 
Palaeogeographical reconstructions'* of Gondwanaland show 
Antarctica in an equatorial position only for the Lower 
Palaeozoic; the shallow inclination with respect to bedding 
identified for these argillites is therefore consistent with Lower 
Palaeozoic magnetization. They were therefore more exten- 
sively sampled over a wide area in 1979-80. 


Fig. 1 a, Map of Antarctica 
showing major blocks of continen- 
tal crust above sea level after ice is 
removed’. The structural trends 
defined by fold axes are shown for 
the Ellsworth and Pensacola 
Mountains. Mean palaeomagnetic 
declinations and inclinations are 
indicated for the Cambrian argil- 
lites of the Ellsworth Mountains 
and the one late Cambrian result 
from the East Antarctic craton’®. 
b, Map illustrating a suggested 
restoration of the Ellsworth 
Mountain block*. The mean 
palaeomagnetic declinations and 
inclinations illustrate the consis- 
tency of the present data with the 
rotation hypothesis. The extent of 
the Ellsworth block must be 
regarded as hypothetical. 





17; ags, the apical half angle of the cone of 


The stratigraphical horizons collected may be formally 
reclassified and renamed as a result of work done on this and 
previous expeditions (B. Spdrli and G. Webers, personal com- 
munication). The sampling sites are stratigraphically within 
200 m of a horizon traceable through certain structures in the 
northern Heritage Range. The horizon is dated to the Upper 
Cambrian on the basis of a trilobite fauna recovered on the flank 
of Pipe Peak during 1979-80 (G. Webers, personal com- 
munication). The sampling sites are spread over a 25-km? area. 
Sites 3 and 5 are in subhorizontal beds near the centre of the 
Pipe Peak Syncline, site 4 is on the vertically dipping, westward 
younging flank of this syncline, and sites 1 and 2 are in the 
vertically dipping eastward younging flank of the adjacent Tent 
Syncline. 

Magnetic remanence was measured using the British proto- 
type CCL cryogenic magnetometer and a DIGICO spinner 
magnetometer. Stepwise thermal demagnetizations were per- 
formed with a bench-type mu-metal shielded oven and a larger 
oven described in ref. 13. The results were analysed as described 
previously. Natural remanent magnetism (NRM) intensities 
range from 10°' Am™ to 10°*Am™" but are typically 
10°* An”. Alternating field demagnetizations using a tumbler 
device resulted in only partial removal of secondary components 
and characteristic directions were not well resolved. 

Table 1 summarizes the mean-site directions and associated 
statistics of the highest blocking-temperature components (650- 
670°C) revealed by thermal demagnetization. The mean is 
computed from the directions of magnetization isolated from 
individually oriented specimens. Figure 2 shows stereographical 
projections of the mean-site directions and cones of 95% 
confidence before and after structural correction. Jn situ 
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directions are different for each structural limb, and agree, witha 
complete overlap of the cones of confidence, only after the 
correction for the tilt of the beds is applied, proving a pretectonic 
age of the highest blocking-temperature component. Although 
the positive fold test does not prove a Cambrian acquisition of 
the highest blocking-temperature component, we still believe 
that the shallow inclination of the structurally corrected 
remanence does imply a Lower Palaeozoic age for this 
magnetization. 

Studies of North American rocks indicate that the Upper 
Cambrian was a time of predominately reversed polarity’, 
although some normal polarity episodes are recorded in rocks 
from Australia. We therefore believe that the components 
isolated from the Upper Cambrian argillites of the Ellsworth 
Mountains are probably of reversed polarity. Assuming this is 
the case, the palaeomagnetic south pole falls at 4°N, 296°E, 
approximately 70° of arc away from any known Gondwana early 
Palaeozoic palaeomagnetic south pole with respect to Antarc- 
tica. If the Ellsworth block is restored to a position like that 
advocated by Schopf? (Fig. 1b), the palaeomagnetic pole falls on 
Klootwijk’s’* interpretation of the Cambrian polar wander 
track (Fig. 3) between late middle Cambrian (poles 1, 18, 23 and 
so on) and Upper Cambrian (poles 28, 29) poles from Australia. 
The restored Ellsworth palaeomagnetic pole is also indis- 
tinguishable from the one late Cambrian pole available from the 
East Antarctic craton'®. This consistency is depicted in Fig. 1, 
where the mean declinations of the palaeomagnetic results are 
compared before and after the restoration of the Ellsworth 
Mountains. 

If the characteristic magnetizations from the Ellsworth 
Mountains are of normal polarity, the uncorrected south pole 
falls as indicated in Fig. 3, approximately 30° of arc away from 
the Gondwana polar wander track. This interpretation would 
still imply a rotation of the Ellsworth Mountain block, but in a 
sense opposite to that suggested by Schopf’, which would not 
align the structural trends. 


After structural 
correction 


Before structural 
correction 





Fig. 2 Equal-angle stereographical projections of the mean-site 
directions with associated cones of 95% confidence, before and 
after structural correction. The mean directions are labelled as in 
Table 1. @/O Denote projections of the north-seeking polarity 
directions on the lower/upper hemisphere. The continu- 
ous/dashed circles denote the projections of the cones of 
confidence on the lower/upper hemisphere. The cones of 
confidence overlap only after the structural correction is applied. 





Fig.3 Middle Cambrian to Cambro-Ordovician Gondwana polar 
wander path with respect to Antarctica after Klootwijk'”. 
Numbered poles are the Australian poles reported in ref. 15, (a) 
poles are from ref. 19, (b) poles are from ref. 20, all others are from 
ref. 21. Pole ‘C’ is the one late Cambrian result available from the 
East Antarctic craton `“. The star denotes the location of the mean 
Upper Cambrian pole from the Ellsworth Mountains after a rota- 
tion suggested by Schopf? is applied (Table 1). The large diamond 
denotes the non-rotated south pole position assuming a normal 
polarity. @, Australian poles; ®, Antarctic poles; W, African poles; 
V, Indian poles. 


Uncertainties in polarity determination and the rapid polar 
wander with respect to Gondwanaland limit the usefulness of 
the present data in deriving a precise location of the Ellsworth 
Mountain block in Gondwanaland. However, assuming the 
characteristic magnetizations are of reversed polarity, the 
restoration suggested by Schopf’ is consistent with these data. 
Our results support interpretations that Western Antarctica is 
composed of displaced terrains which have moved with respect 
to the major plates. 

We thank R. Van der Voo for laboratory facilities for the 
study of the unoriented samples, D. H. Elliot for reviewing the 
manuscript, J. C. Briden for laboratory facilities for studying 
the oriented samples and suggestions about the manuscript, 
C. Craddock for the Ellsworth Mountain collection and un- 
published notes and G. Webers for including us in the USARP 
Ellsworth Mountain project. The preliminary work was 
supported by the Scott Turner Fund of the University of Michi- 
gan, the field work by NSF grant DPP 78-21730 to G. Webers, 
and the data reduction by the University of Leeds Research 
Fund. 
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Evidence for a late Wisconsin 
glaciation of the Weddell Sea 
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The huge ice shelves in West Antarctica—the Ross and Filch- 
ner/Ronne Ice Shelves—have probably extended out on the 
continental shelf during the late Wisconsin’. Previous dis- 
cussions, which have focused on the Ross Sea, have suggested 
(1) that the ice extended across the whole continental shelf?” or 
(2) that there was only a minor expansion*. Here we present 
sedimentological data from the Weddell Sea (Fig. 1) which 
suggest that a late Wisconsin grounded ice sheet extended to the 
shelf edge. The evidence includes a recent thicker ice in 
Ellsworth Mountains at the head of the Filchner/Ronne Ice 
Shelf*. This thickening would lead to an expansion of the inland 
ice sheet over the continental shelf, filling up the Weddell Sea 
embayment. 


Fig. 1 Map showing the eastern 
part of the Weddell Sea and locali- 
ties of cores shown in Fig. 2. 


WEDDELL SEA 


Ronne Ice Shelf 





Geological fieldwork during the 1976-77 and 1978-79 Nor- 
wegian Antarctic Research Expeditions provided the following 
observations. 

(1) Sediment samples (60 stations) show that the continental 
shelf is covered by stiff pebbly mud (till deposits), in places 
overlain by a thin veneer (<2m) of soft pebbly mud 
(glaciomarine deposits). From the upper slope only 
glaciomarine sediments are recovered (Fig. 2). A similar 
lithology is described by Anderson et al.° (23 cores). 

(2) Shallow seismic reflection (sparker) records show a 
veneer of unconsolidated sediments which rapidly thickens 
seawards off the shelf edge’ (G. Maisy, personal com- 
munication). 

(3) '*C dating of shell fragments of the till, together with the 
age and distribution of the glaciomarine sediments, suggest a 
late Wisconsin age for the advance of a grounded glacier to a 
water depth® of 500 m. 

The stiff pebbly mud is characterized by poor sorting, homo- 
geneous texture and variable content of reworked fossils and 
significant amounts of Mg- calcite and cristobalite’. The degree 
of compaction—measured by cone—gave values in the range of 
50-120 kN m~™ on core samples from the shelf edge. Similar 
values have been recorded on late Wisconsin till on the Nor- 
wegian shelf'’. The compaction of the stiff pebbly mud may have 
been caused by sediment loading. However, it is unlikely that 
submarine erosion has been able to remove completely a 
substantial overburden of glaciomarine-glacial deposits. In the 
latter case, a lag of coarser-sized material would be present, as 
observed in other glaciated shelf areas which have later been 
reworked subaqueously’’. The values obtained for compaction 
show that the deposit is overconsolidated, which, in addition to 


Filchner 
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its textural composition and a broad areal distribution, can best 
be explained as being due to a grounded glacier. 

Sediment thickness and distribution from shallow seismic 
reflection records also support the concept of grounded ice. 
Generally <30 m of unconsolidated, unstratified sediments are 
present on the continental shelf with frequent outcrops of the 
underlying bedrock. The thickness of unconsolidated sediments 
increases rapidly downslope from the shelf edge. Sediment 
distribution and texture in the Crary Trough also seem to 
indicate earlier glacial grounding. Overconsolidated deposits 
are present and in the inner and central parts bedrock is overlain 
by <20m of sediments, while the bathymetric highs (200- 
300 m) excess elevation in the outer part of the trough are 
caused by a greater thickness of unconsolidated sediments 
forming a till-ridge complex. 

A conclusion on the age of the till from a single '“C date is 
uncertain, especially when this age is >20,000 yr BP; however, a 
late Wisconsin age is supported by the following evidence. The 
coarser sand and gravel-sized carbonate particles were well 
preserved and showed no sign of dissolution. Furthermore, the 
probability for external carbon contamination’? of the sample 
seems low: the exposure to seawater was followed by the 
reworking of a cold-based glacier” and encasement in clay-rich 
sediments. 

Additionally, pre- and syn-late Wisconsin glaciomarine 
sediments are recovered on the upper slope, just outside the 
localities where till deposits are found (Fig. 2, Table 1). It is 
unlikely that the shelf edge should have been ice free for 
>40,000 yr with little or no glaciomarine deposition, while at 
least 2 m of sediments were deposited on the upper continental 
slope at localities within 20 km. 

Sugden and Clapperton’’ argue against a large expanded late 
Wisconsin West Antarctic ice sheet as their observations from 
George VI Sound on the western coast of the Antarctic Penin- 
sula revealed only a minor ice advancement. This does not, 
however, exclude the thickened West Antarctic ice sheet 
extending into the Weddell Sea embayment, but it does suggest 
that the different sections of the ice sheet margins may have 
moved out of phase. 





Table 1 References for cores shown in Fig. 2 





Sample/ 
depth Water 
in core depth Type of 
(cm) Position (m) material '4C age 
212/15 $§74°22.57’ 512 Shell 31,290 
W 37° 45.50’ fragments lo 
1-10 mm +1,880 
in size —1,520 
20 
+4,330 
—2,800 
(T -—3,625) 
214/175 $74°06.15' 730 Shell >35,100 
W 39° 26.44’ bivalves (lo) 
in situ (T —3,835) 
234/35 $§72°10' 650 Bryozoan 21240 
W 16° 35’ debris +760 
(T —3,617) 
234/85 $72°10' 650 Bryozoan 28,130 
W 16° 35’ debris +1,410 
(T —3,618) 
234/105 $72°10' 650 Bryozoan 37,830 
W 16° 35’ debris +3,110 
(T —3,332) 
233 S 72° 10.04’ 500 
W 16° 24.23’ 


eng 
Number in parentheses refers to sample number at Laboratoriet for 
Radiologisk Datering, Trondheim, Norway. 


SHELF EDGE 


212/45 





{512} 


0.5 
UPPER SLOPE 


Depth in core (m) 


234/95 





MUD 





GRAVEL SAND 


Fig. 2 Characteristic lithology of the sediments from the shelf 

edge and the upper continental slope in the southeastern Weddell 

Sea. The sediments recovered from the shelf edge are overcon- 

solidated till deposits while the samples from the upper continental 

slope are glaciomarine. The numbers on the right side of the core 

refer to '*C-dated samples in Table 1. The numbers below the core 
show water depths. 


These data indicate that the Weddell Sea continental shelf was 
covered by grounded ice during the late Wisconsin. The Crary 
Trough also seems to have been covered by grounded ice, 
suggesting not only a simple areal expansion of the West 
Antarctic ice sheet, but also a considerable increase in thickness. 
The results support the concept of an expanded Antarctic ice 
sheet during the last great glaciation, as assumed in the CLI- 
MAP reconstructions’. 

The conscientious effort of the Laboratoriet for Radiologisk 
Datering (Trondheim, Norway) is gratefully acknowledged. G. 
Maisey provided unpublished sparker data and Y. Kristoffersen 
and O. Orheim gave valuable comments and criticism. Pub- 
lication No. 34 of the Norwegian Antarctic Research Expedi- 
tions (1978/79). Norsk Polarinstitutt contribution no. 205. 
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High temperature of forest fires 
under pines as a 
selective advantage over oaks 


G. Bruce Williamson & Edwin M. Black 


Department of Biology, University of South Florida, Tampa, 
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In many temperate ecosystems succession from pine forest to 
hardwoods is interrupted by fire, resulting in a fire climax 
dominated by pines’. As natural selection operates through 
both processes of succession and fire, early seral plants that are 
poor competitors may exhibit fire-facilitating characteristics 
whereas late seral plants that are superior competitors may show 
fire-retarding traits. Potential fire-retarding and fire-facilitating 
traits of plant foliage have been measured* ’, but their effects on 
survival or reproduction have never been demonstrated in the 
field’*. We report here that maximum temperatures, recorded 
during fires in a mixed oak—pine woodland, were sufficiently 
higher under pines than under oaks to ensure elimination of the 
competitively superior oaks in the vicinity of adult pines. 

Experimental fires were conducted in a Florida sandhill? 
where fire history had been recorded for six years. The area is 
dominated by longleaf pine (Pinus palustris), turkey oak (Quer- 
cus laevis) and sand live oak (Quercus geminata). The frequent 
surface fires are fuelled by dead grass (Aristida spicata and 
Andropogon species) and tree litter. The three tree species have 
different litters. Longleaf pine needles are 20-45 cm long and 
form a deep, well aerated layer directly under pine crowns. 
Turkey oak leaves are lobed and provide an aerated fuel where 
they lodge in grass blades, but these leaves are blown throughout 
the sandhill and are not concentrated under turkey oak crowns. 
Sand live oaks grow in groves that inhibit grass growth; their 
small elliptical leaves form a carpet of moist litter inside the 
groves. Previous work suggests that fire tolerance of the three 
species increases from live oak to turkey oak to longleaf 
pin e 10,3 1 

During three fires, maximum temperatures were recorded 
using 15 heat-sensitive waxes (Tempilstiks, Big Three 
Industries, South Plainfield, New Jersey) which melt at known 
temperatures, ranging from 52 to 538 °C (125 to 1,000 °F). The 
15 waxes were marked on the surface of 2.57.0 cm ceramic 
chips, strung by thin wire at 0.5-m height intervals from 0.5 to 
3.0 m above the soil. Six replicate wires were spaced at intervals 
of 0.5 m along 2.5-m transects in eight locations: three under 
longleaf pine crowns three under turkey oak crowns, and two in 
live oak groves. After the fire, two independent readings of the 
288 chips estimated the maximum temperature (T) attained at 
each height and location. 

Data analysis required a transformation of maximum 
temperature to maximum temperature increase (AT) above 
ambient, and logarithmic transformations of height and AT to 
linearize the relationship between the two variables. 

A multi-factorial nested analysis of variance in AT showed 
significant variation for the two main factors (height and loca- 





Table 1 Per cent survival for each height class of turkey oaks, growing 
under longleaf pine crowns and in full sunlight 





Height class (m) 
Location 1.0-1.9 2.9-2.9 3.0-10.0 
Under longleaf pine 3% (34)* 10% (31) 36% (36) 
In full sunlight 6% (32) 18% (39) 70% (64) 


oi mannan EAEan aaa 
* Sample size in parentheses. 
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Fig. 1 Mean maximum temperatures, as a function of height 

above the litter surface, under crowns of longleaf pine (Pinus 

palustris), turkey oak (Quercus laevis) and sand live oak (Quercus 

geminata}. Broken lines indicate projections of the regression lines 
beyond the heights of temperatures recorded: 


tion) (F-test; P= 0.01) but no interaction effect (F-test; P= 
1.00). Thus, maximum temperature increase was dependent on 
location under different species and on height above the litter, 
but maximum temperature increase declined with height in a 
manner common to all locations. Replicate wires (six per tree) 
showed no statistically significant variation (F-test; P = 0.61), 
thus we conclude that there is little variation in AT under any 
single tree. However, replicate trees showed significant 
differences (F-test; P=0.01), so there is an unhypothesized 
effect associated with variation among trees of the same species. 

Further study of the main factors by analysis of covariance 
showed an inverse relationship of temperature on height that 
was significantly different (P<0.001) between each pair of 
locations. The linear regressions of the means of transformed AT 
on transformed height are shown in Fig. 1 where the axes show 
the actual untransformed temperatures. For any given height 
the maximum temperature was greatest under longleaf pines 
and least in live oak groves. Two additional experimental fires in 
1980 confirmed the relationships shown in Fig. 1. Differences in 
the amount of litter accumulated since earlier fires, as well as 
wind speed and moisture conditions at the time of each fire, 
resulted in a displacement of all three lines, but their relative 
positions remained unchanged. 

Maximum fire temperature is critical to crown scorch and bud 
loss, which cause tree mortality'*:'*. Post-fire crown death from 
a large wildfire is illustrated in Table 1 for turkey oaks; taller 
oaks survived more frequently than shorter oaks (G-test; P< 
0.005), but location was as important as height-—survival in full 
sunlight was twice as great as survival under longleaf pine 
crowns (G-test; P< 0.005). 

The results of our temperature measurements confirm that 
maximum fire temperatures are quite variable, as has been 
shown for fires in Scottish heath'* and Nigerian savanna’, 
Models of fire intensity and behaviour are useful for 
comparisons among fires, but as noted by Albini'*®, the major 
source of error in such models is “that the fuel complex is not 
uniform, continuous, homogeneous, and consolidated into a 
single layer”. Our results indicate that specific litter deposition 
patterns are a major cause of different intensities within fires. As. 
these litter traits are subject to natural selection, different 
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species may be regarded relatively as fire-facilitating or fire- 
retarding. 

Apparent disasters, like fire, may be advantageous to some 
species relative to their interspecific competitors'’. Pest out- 
breaks by generalized insects that consume several competing 
species may be advantageous to trees whose seeds and seedlings 
can dominate post-outbreak regeneration. In such a case, 
natural selection may have favoured herbivore-facilitating traits 
among some species when they reach a given age or size or when 
they face displacement by competitors. Where improved nutri- 
tional status of tree foliage is associated with pest outbreaks, as 
has been shown for balsam fir (Abies balsamea) and its pest, the 
spruce budworm (Choristoneura fumiferana)"*, the outcome of 
the outbreak may be advantageous to the offspring of adult 
baisam fir trees when its white spruce (Picea glauca) competitors 
are destroyed as well as the firs, and the seedling balsam firs are 
thus released to grow in full sunlight'’. Given such processes, 
then forest management must include the possibility that some 
tree species may facilitate the agents of destruction which are the 
targets of control. 

We thank the Florida Division of Forestry for assistance with 
the experimental fires. 
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Epidemic models used to explain 
biogeographical distribution limits 
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It is an accepted principle in biogeography that the distributions 
of organisms are primarily controlled by the climate'~*; thus it is 
widely supposed that the geographical distribution limits of 
plants can be explained in terms of their physiological responses 
to particular climatic factors. However, such responses have 
rarely been demonstrated at natural distribution limits’; those 
responses that are reported generally have such small effects on 
survival that it is hard to explain how control could really be 
exercised by them. Those seeking explanations of distribution 
limits have, however, largely neglected the impermanence of the 
colonies constituting them. We suggest here that it is necessary 
to consider not only the effects of the climate on the per- 
formance of plants within existing sites but also the impact that 
these primary effects may have on the invasion of new sites. 
Epidemic models of the invasion process result in threshold 
theorems which explain how smali changes in plant performance 
could result in large changes in the probability of new colonies 
appearing. 


0028-0836/81/430644—02501.00 


The difficulty in explaining distribution limits has been largely 
concealed by poorly founded statements about their cause*”’. 
Correlations between distribution limits and the isolines of 
synoptic climatic variables have been extensively described** 
but these cannot be attributed with causative significance’’”’®, 
and general studies on the responses of plants to climate have 
rarely focused on variations as small as those that occur across 
natural distribution limits’''’*. Physiological explanations for 
the limits of a few perennial plants have nevertheless been 
proposed”’’. Surprisingly, failure to detect responses has been 
most marked among annual ruderals, which supposedly respond 
to the climate alone at their limits'*. When introduced beyond 
their limits, many produce copious seed and persist locally. 
British examples which we have studied are Lactuca serriola, 
Kickxia spuria and Lathyrus nissolia; others are Mercurialis 
annua, Kickxia elatine and Melampyrum arvense’. Similar 
observations have been reported for sedentary marine ani- 
mals‘'*. Present concepts of distribution-limit control implicitly 
require that any limit-controlling responses to the climate— 
whether in establishment, growth or reproduction—should 
ultimately reduce fecundity so that continued regeneration is 
impossible. In the plants mentioned above, this does not seem to 
be the case, which leads us to believe that their limits are 
controlled by the small reductions in fecundity which may with 
difficulty be detected in some of them. However no mechanism 
for this has ever been proposed. Moreover many plants are 
abundant at their limits'*, which are therefore abrupt relative to 
the climatic gradients that presumably control them, and this too 
is unexplained. 

Little is known about the precise patterns shown by colonies 
of plants at their distribution limits but it is at least certain that 
they are constantly changing, even when the position of the limit 
is not. Distribution limits are abstractions from real patterns of 
colonies in the field and thus conceal their dynamic nature. It is 
therefore seldom noted that distribution limits might be 
controlled by climatic effects on the establishment of new 
colonies. 

The spread of weeds has been likened to the spread of 
infectious diseases'*'*, but the mathematical theory developed 
in connection with this’’'® has only been used by botanists to 
describe the dispersal patterns of plant propagules’® (although a 
related, population-dynamic model has been discussed’’). 
There is, however, no reason why the general deterministic 
epidemic model'’, which gives rise to the epidemic threshold 
theorem of Kermack and McKendrick'’”°, should not be used to 
describe the infection of new sites. 

We therefore define for a species the following: x, the number 
of susceptible sites in an area (unoccupied sites in which the 
species could grow); y, the number of infective sites (occupied 
sites from which it disseminates seeds); B, an infection rate 
dependent on the numbers of seeds produced in infective sites, 
efficiency of seed dispersal and the probability of establishment 
in susceptible sites; and y, a removal rate dependent on the 
length of time for which infective sites remain occupied. 
Following the general deterministic epidemic model’’, the rate 
at which susceptible sites become infective sites is given by 


dy gy- 


For the plant to spread, dy/dt must be positive, which requires 
x 2y/B. The relative removal rate y/ß therefore gives a 
threshold number of susceptible sites that must be exceeded if a 
small inoculum of the plant is to spread. Similar threshold 
theorems arise in epidemic models of all kinds, including sto- 
chastic and spatial ones'*?!*, These models may be applied to 
plants that occupy discrete sites and have observable rates of 
colonization and removal. They are largely valuable as strategic 
models (sensu May”) and their parameters may be difficult to 
estimate, although we believe this may be possible for some 
plants. 
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Fig. 1 The population growth of a hypothetical plant simulated in an 
experiment which allowed control of infection rate (8). The experiment was 
performed in a 24 8 m area of cliff-top grassland at Peartree Point, South 
Devon. Susceptible sites for the plant were taken as those actually occupied 
by rosettes of Plantago coronopus. In each trial two rosettes were initially 
selected as occupied (infective) sites. From each, a specified number of 
coloured disks (mean diameter 9 cm) were thrown at random and rosette- 
centres on which disks landed were taken as being newly occupied sites. This 
procedure was carried out repeatedly, the total number of occupied sites 
being noted at each generation, that is, after each disk-throwing. Occupied 
sites were allowed to remain occupied for only three generations. Variation 
in the seed production of the plant was simulated by altering the number of 
disks thrown from each occupied site in different trials of the experiment. 
Broken lines show observed total numbers of occupied sites in successive 
generations for trials in which 10 (a), 5 (6) and 4 (c) disks were thrown from 
each occupied site. On completion of the trials the actual number of rosettes 
in the area was determined (number of occupied 10x10cm squares = 
1,704). At generation t, the number of susceptible sites remaining (x,) is 
given by x, = x,_,~ Bw,_1X,.1 + YYr-ı Where 8 is the probability of a parti- 
cular disk landing on a particular rosette; w,_, is the total number of disks 

_ throws at generation t—1; y is the discrete-time removal rate for occupied 
sites; and y,_., is the number of occupied sites at t— 1. w,_, can be rewritten as 
Ay,... where ‘A is the number of disks throws from each occupied site. 
Similarly, the number of occupied sites at generation t is given by y, = y,_, + 
BAY,_iX,-1~ YY- Non-extinction of the hypothetical plant requires y = 
y,., SO that a threshold condition for its survival is given by x = y/Af. The 
discrete-time removal rate y can be estimated as y= 1=e~* = 0.2834, 

where ¥ (continuous-time removal rate) is 1/3. The infection rate B can be 
estimated from the area of disk relative to the total area (8 = 1/30,181). 
Substituting these estimates in x > y/AB, the threshold should have occurred 
at ~A = 5, Unbroken lines show expected values of y, for successive genera- 
tions, It can be seen that A = 10 gives a good fit to the expected curve: A = 5 
seems to be about the threshold; extinction occurred in one trial and not in 

two. All trials with A <5 led to extinction. 


Along a climatic gradient, the number of susceptible sites for a 
plant could decline if its vegetational niche became less 
frequent; the infection rate could decline if its fecundity, dis- 
persal or establishment were impaired; and the removal rate 
could increase if it were eliminated more quickly by vegetational 





change. Within a plant’s limit, the density of susceptible sites 
must exceed the relative removal rate. Towards the limit, 
changes in the climate might have smal effects on the plant and 
its niche, which might increasingly alter the parameters of the 
threshold equation but the condition fer spread (x = 8/ y) would 
continue to be satisfied. Ultimately, however, further small 
changes might so alter the parameters that this condition was not | 
met, and there the plant would reach its limit. In this way — 
climatic gradients could produce abrupt plant distribution limits - 
even though the physiological responses elicited might appear — 
too small to explain them. This idea is illustrated by an experi- - 
ment (Fig. 1) in which we simulated the effect of reducing the 
seed output of a hypothetical plant. The results agree closely 
with the predictions of a discrete-time model as to the course of 
the plant’s spread and the seed output necessary for its survival. 

Most plants occur as casuals beyend their main areas of 
distribution and, to explain this, existing concepts of dis- 
tribution-limit control require that casuals should only occur 
where conditions are especially favourable; but there is no 
evidence for this. In epidemic models susceptible sites clearly 
can exist beyond the limit, provided that their density nowhere 
exceeds the relative removal rate, anc it is. not surprising that 
plants should sometimes establish and perform well in them. It 
also follows that if the density of susceptible sites in an area near 
to but beyond a plant’s distribution limit were artificially 
increased so as to exceed its relative removal rate, then the 
position of its climatic equilibrium cistribution limit should 
change without any change in the climate. oF: in the plant’s 
biology. This has been deduced theoretically” and agrees with 
the observation that the sudden spread of some long-indigenous 
ruderals in Britain in the 1930s was related to the extensive 
building of arterial roads**. Another consideration is that as 
removal rates in perennials are obviously much lower than in 
annual ruderals, the density of susceptible sites required for 
their spread is therefore also lower, so that they should approach 
closer to the point where growth of the individual plant is 
prevented by climate. This would explain why responses to the 
climate should be harder to observe in annuals at their limits. 

Although we have been concerned with the use of epidemic 
models to explain geographical distribution limits, they might 
also be used to explain small-scale limits, for example, those 
determined by local edaphic factors. The success of the simula- 
tion experiment (Fig. 1) reinforces this view. 

We thank Dr R. M. Anderson for advice and assistance in 
formulating the model shown in Fig. 1. 
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Podocytes are highly specialized epithelial cells which form part 
of the filtration barrier in the kidney glomerulus’. Their cell 
body sends out long ‘foot processes’ which interdigitate with 
those of neighbouring podocytes and which rest on the 
glomerular basal lamina. The maintenance of this characteristic 
cellular architecture is critical to the normal functioning of the 
kidney and may be controlled not only by cytoskeletal elements 
within the cell’? but also by some unknown properties of the 
podocyte plasma membrane. Using freeze-fracture and a cyto- 
chemical probe for membrane cholesterol, filipin’*, we show 
here that the protein content of and the number of filipin—sterol 
complexes in the podocyte plasma membrane are markedly 
reduced at sites of contact with the basal lamina, illustrating a 
precise zonal membrane differentiation in this region. 

Adult male albino rat kidneys were fixed by perfusion through 
the aorta with 2.5% glutaraldehyde in 0.1 M phosphate buffer 
either with or without 300 uM filipin (Upjohn), dissolved in 1% 
dimethyl sulphoxide. Kidneys were then removed and cut into 
~15-um slices with a Vibratome (Oxford Instruments) to 
improve filipin penetration, The slices were incubated overnight 
at room temperature in a filipin-0.1 M cacodylate buffer solu- 
tion. Glutaraldehyde fixation is necessary to prevent filipin- 
induced cell lysis and redistribution of intramembrane particles 
which occurs when non-fixed cells are exposed to the drug’. 
After rinsing in 0.1 M cacodylate buffer, the tissues were cryo- 
protected in 30% buffered glycerol, coated with polyvinyl alco- 
hol® and frozen in Freon 22 cooled with liquid nitrogen. They 
were fractured and shadowed at —115°C in a Balzers 301 
freeze-fracture device’*®. Replicas were cleaned in sodium 
hypochlorite, rinsed in distilled water and recovered on copper 
grids before being examined in a Philips EM 300 electron 
microscope. 

Podocytes are easily recognizable in freeze-fracture replicas 
by their position in the glomerulus and by the characteristic 
pattern of their foot processes*” (Fig. 1). In addition, the part of 
the plasma membrane contacting the basal lamina (referred to in 
the text as the basal part of the foot process) can be distinguished 
from the other regions of the plasma membrane. In con- 
ventionally fixed material, the number and size of intramem- 
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Table 1 Quantification of intramembrane particles (IMP) and filipin- 
cholesterol (FC) complexes in podocyte plasma membrane (P-face) 





No. of IMP Size of IMP No. of FC 
(per m`) (nm) (per um?) 
Cell body and 
legs (above 342+10 (25) 13.1+2.3 (973) 510+18 (10) 
slit diaphragm) | | | 
P < 0.001 P < 0.001 P< 0.001 
Foot process | | | 
bases (below 252+15(18) 10.4+2.1(788)  57+9 (10) 


slit diaphragm) 
bie O O 

For IMP number, values in parentheses represent either the number 
of photographs analysed (for particle density) or the number of particles 
measured (for particle diameter) from at least seven animals. For FC 
number, the values in parentheses represent the number of glomeruli 
from five animals examined. Values are mean +s.e.m. Statistical analysis 
was performed using Student's t-test. 
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Fig. 1 Freeze-fracture of the glomerular filtration barrier of a 

filipin-treated kidney showing the plasma membrane of the capil- 

lary endothelium (E), the basal lamina (BL), podocyte foot process 

bases (FP), podocyte foot process legs (P) and the urinary space 

(US). Filipin-sterol complexes appear as stud-like protrusions or 

pits on all exposed membranes with the exception of the foot 
process bases. *50,000. 





Fig.2 Thin section of a region of filipin-exposed kidney similar to 
that shown in Fig. 1. The typical trilaminar membrane structure is 
disrupted by filipin except where the foot processes contact the 
basal lamina. The inset shows that the membrane alteration occurs 
abruptly at the position of the slit diaphragm (SD) which links 
adjacent foot processes. The trilaminar membrane is clearly visible 
below the diaphragm whereas it is disrupted above this level. The 
trilaminar membrane structure is also retained at the level of a 
coated pit (CP) as previously reported’. x48,000. Inset: 
x 113,000. 
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brane particles in these membrane regions (Fig. 3) were 
quantified; Table 1 shows the results. The particles on the basal 
part of the foot processes are significantly smaller and less 
numerous than on the rest of the podocyte cell body. In the 
filipin-treated material, the regional differences were even more 
striking. Whereas the podocyte cell body and the ‘legs’ of the 
foot processes were heavily labelled with filipin-cholesterol 
complexes, the membrane adjacent to the basal lamina 
contained only a few complexes (Table 1, Figs 1, 4). In freeze- 
fracture replicas, filipin-cholestero] complexes appear as 25- 
30-nm stud-like protuberances or slightly smaller pits in the 
membrane face, which are clearly different from the much 
smaller intramembrane particles. In suitable replicas, an abrupt 
reduction in filipin labelling could be seen on the membranes of 
podocyte foot processes as they reached the basal lamina 
(Fig. 4). This well-delimited frontier corresponds precisely to 
the position of the slit diaphragm, seen in thin sections, which 
connects the basal parts of adjacent foot processes. This can be 
appreciated in Fig. 2 which shows, in thin section, the alteration 





Fig. 3 Higher magnification of a freeze-fractured podocyte foot by filipin of the usual trilaminar membrane structure above the 
process showing the sudden change in membrane particle content slit diaphragm, whilst the membrane below the slit diaphragm 
which occurs at the level of the slit pore diaphragm (represented by and adjacent to the basal lamina appears normal. Often, 
a discontinuous line of particles). BL, basal lamina; FP, foot however, a small part of the plasma membrane above the slit 

process base; P, lateral membrane of foot process. x95,000. diaphragm also appeared unmodified by filipin. In contrast to 


the poor labelling of the foot process bases, the entire plasma 
membrane of the capillary endothelium, including the region in 
contact with the basal lamina, showed abundant filipin-sterol 
complexes (417+22, n=10, see Table 1 legend) (Fig. 1). 
Furthermore, labelled vesicles were found in the cytoplasm of 
the foot processes, including in their basal portion. This 
indicates that the pattern of filipin labelling observed was prob- 
ably not due to the uneven penetration of the drug. In fact, 
kidneys which were fixed by perfusion followed by injection of 
filipin into the renal artery, but which were not subsequently 
chopped and immersed in filipin, showed a similar pattern of 
labelling. 

We have demonstrated that the plasma membrane of the 
basal part of foot processes differs from the podocyte cell body in 
terms of both the number of filipin-sterol complexes and its 
protein content (represented by intramembrane particles'”''). 
Figure 5 shows schematically the observed distribution of 
filipin—sterol complexes at the level of the filtration barrier. A 
similar scarcity of filipin-sterol complexes has also been found in 
the filopodia of fibroblasts at their point of attachment to the 
substratum’’. The factors responsible for this local membrane 


large circle = protuberance) occurs below the slit pore diaphragm heterogeneity are unknown, but the result is the formation of 


(dashed line) where the foot process rests on the basal lamina (BL). highly differentiated membrane domains which, in the present 
x 86,000. case, may be important in maintaining specific architectural 


relationships critical to the normal functioning of the kidney 
filtration barrier. The importance of the structural integrity of 
the barrier components is underlined by the loss of podocyte 
foot processes in glomerular nephrotic syndrome™ >? *, 

This work was supported by Swiss NSF grant 3.668.80. 





Fig.4 Similar region to Fig. 3 but treated with filipin. An abrupt 
fall in the number of filipin-sterol complexes (small circle = pit; 
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There has recently been considerable interest in the variability 
observed in the rate of transit of mammalian cells through the 
cell cycle. Much of the discussion has centred around the 
transition probability model’’, partly because the kinetics are 
easily analysed, but largely because it proposes a single event 
which controls the rate of cell division. To find such an event 
would be of importance in the study of control of the rate of 
growth of mammalian cells. Here, we examine several mathe- 
matical models for analysing cell cycle kinetic data, and discuss 
some of the problems of this approach. 

It should be stated at the outset that from a mathematical 
point of view, for any given set of data there is an infinite set of 
mathematical approximations to describe it. The position is 
never reached where only a single formulation applies to real 
data. Consequently, although a mechanism may be ruled out by 
the kinetics, it cannot be proved by them; kinetic observations 
are at best suggestive of mechanism. 

Analysis of kinetic data has usually been performed using a 
and B curves; the a curve is a plot of a, (the fraction of cells with 
generation times =f) against f, the 8 curve is a plot of 8, (the 
fraction of sibling pairs with generation times differing by times 
=t) against 4. Because the original transition probability model 
predicts exponential a and 8 curves, it is convenient to plot the a 
and # curves on semi-log paper, to obtain linearity. The a and 8 
observed for exponentially dividing cell populations are of the 
form shown in Fig. 1. 

We have examined mathematical models to see how the a and 
B curves they generate compare with the data in Fig. 1. All 
models have been adjusted to have the same median and similar 
means and standard deviations, and were generated on 
computer using a Monte Carlo program. As predicted, the 
simple transition probability model yields completely linear and 
parallel a and 8 curves (Fig. 2a; curve for n = 1). Because a 
curves are nonlinear, sources of variability must be added to the 
@ curve in addition to those determining the 8 curve. This may 
change the parallel relationship between the a and 8 curves as 
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Fig.1 a (- - -) and B (—) curves for (from left to right) 3T3 cells, L 
cells and two populations of CHO cells. The data are from ref. 8, 
replotted with a logarithmic y-axis. The scale on the lower abscissa 
refers to the 8 curve for the 3T3 cells. The 8 curves for the other 
cell populations have been displaced as indicated on the upper 
abscissa. The a curves have been arbitrarily displaced so that the 
slopes can be compared with the slope of the corresponding 6 
curve, 


discussed below. The model can be extended to cover a 
requirement for n stochastic events. As n increases, the upper 
parts of the a and 8 curves become curved, while the lower parts 
remain straight and parallel. As a œ, the distribution of cell 
cycle times tends to become normally distributed. Shields’ 
observed that neither the normal distribution nor the reciprocal 
or log norma! distributions would generate linear 8 curves. It 
was concluded, therefore, that observations of a linear B curve 
would limit the model to the exponential one, or a trivial variant 
of it”. 

The reciprocal or log normal distributions contain, in addition 
to the mean and standard deviations, a third parameter, the 
threshold’. This is the point mapped to +% on inversion or —© 
on taking logarithms. It is implicit in Shields’ paper’, and explicit 
in Pardee’s’, that the threshold of the transformation, whether 
inverse or log, should be at the start of the cell cycle. As the 
mammalian cell cycle is divided into phases, this seems to be an 
unnecessary assumption® but, if followed, leads to a distribution 
scarcely distinguishable from the normal distribution itself. A 
more skewed transformation may be obtained by bringing the 
threshold (Z) closer to the mean (M). In specifying an inverse or 
log normal generator it is convenient if the mean and standard 
deviation are not much changed as the threshold is varied. If G is 
the normal stochastic generator with mean M and standard 
deviation ø, a suitable log normal generator is 


L{Z)=Z+(M—-Z) exp [(G-M)/(M -Z)] (1) 


By varying Z, it is possible to generate a and 8 curves that are 
approximately linear, or concave upwards or downwards 
depending on the value of Z. B curves produced from L(Z) with 
M = 100 and o = 20 are shown in Fig. 2b. 

Similarly, an inverse normal generator of the form 


I(Z)=Z+(M-Z)/(G-Z) (2) 


yielded the curves in Fig. 2c. 

Note that where they are linear, the a and 8 curves are also 
parallel. Both the transition probability model and the ‘G, rate 
normal’ model need modification if they are to include those cell 
populations in which the a and 8 curves are clearly not 
parallel’*. This was done by adding a generator to represent 
variability in the population which is shared by sibling pairs. The 
‘Br curves of Brooks et al., that are essentially linear on 
semi-log plots with a shoulder for the top 20% of values, may be 
obtained from any positively skewed leptokurtic (‘pointed’) 
generator. That an additional generator is required is also 
demonstrated by Shields’s® observation that cell pairs chosen at 
random showed a different B curve from one based on sibling 
relationship. 

Shields? also examined £ curves for groups of pairs selected 
on the basis of minimum cycle time within the pair, and found 
linearity and parallelism for his cell population. However, this is 
a property not only of exponential curves’, but also of reciprocal 
(‘rate’) normal’ and log normal curves (Fig. 3). If the population 
is heterogeneous’, such parallelism between groups would not 
be expected because selection of sibling pairs would then select 
lines with different cycle time variability. This would rule out 
many alternative explanations of 8 curve linearity based on 
heterogeneity“? propagated from one cell generation to the next 
should the results prove to be reproducible on a large sample. 

Accepting that data can be fitted by a variety of curves, we 
may ask how many data points are required to distinguish 
between the basic models. In the absence of real data on large 
numbers of cells the question has been formalized as follows: 
how many cells need to be observed before a particular model 
can be shown to generate a significantly nonlinear 8 curve (the 
shapes of the a curves are easily described by a number of 
models®)? The series of curves in Fig. 2a-c show that outside a 
limited range of n or Z the £ curves can be readily distinguished 
from the curves generated by the transition probability 
(exponential) model. Within the range, discrimination is more 
difficult as random fluctuations from linearity would also be 
expected even if the exponential model is used. The range of 
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Fig.2 a, Monte Carlo simulations of a (- - -} and B (—) curves for 
the transition probability model, and variants of it where n random 
events are assumed to be required before cell division. The simula- 
tion used 500 sibling pairs. The points on the 8 curves are 
computer generated values at representative percentiles so as to 
indicate the stochastic variability, For n = 1 the a and 8 curves are 
coincident. The origins of the curves have been displaced along the 
abscissa as in Fig. 1. b, Monte Carlo simulations of a (- - -) and 8 
(—) curves for a log normal model according to equation (1), with 
values of Z as indicated on the curves. The simulation used 200 
sibling pairs. c, Monte Carlo simulations of a (---) and B i—)} 
curves for an inverse normal model according to equation (2). The 
simulation used 500 sibling pairs. 


acceptance as exponential is wider if the number of data points 
per trial is smaller; to obtain an objective assessment of the 
curves it is necessary to select an efficient statistical test and also 
a probability level for rejection of the exponential model if it is 
true (type I errors). We have no reason to specify a single type of 
alternative model and have used the two-sided Kolmogorov 
test'", which is more powerful than the y? goodness of fit test!'. 
The time constant required to specify the exponential model was 
calculated for each trial by averaging the sibling time differences 
in the sample defining the B curve'’. The probability of type I 
errors was set at 0.02 using limits derived from 1,000 trials of the 
exponential generator. The alternative models were then tested 
to determine (in 50 trials) the frequency of type II errors, that is, 
acceptance as exponential when the exponential hypothesis is 
not true. Obviously, changing the time constant would alter the 
fit of the data. For some of the inverse normal curves, a better fit 
is obtained if the last 5 or 10% of the data points (those with 
great ‘sibling differences’) are not used in deriving the time 
constant. The procedure removes the points that arise when G 
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of equation (2) becomes nearly equal to Z. The procedure has no 
significant effect on the curve fitting if the hypothesis that the 
generator is exponential is true. In experimental situations, such 
points of the 8 curves are likely to be the most doubtful, or even 
unavailable if the experiment is of limited duration. 

Then, if sibling pairs from 1,000 ‘cells’ are used for each curve, 
a two-event transition probability model is rejected as 
exponential on 50% of occasions, while complete rejection is 
achieved if 4,000 cells are used. The inverse normal is 
completely rejected as exponential at 4,000 cells, unless the time 
constant is derived from the first 95% of observations, when 
10,000 cells are required to rule out the model. The best fit of the 
inverse normal model is obtained with a threshold of 25 if all 
data points are used for derivation of the time constant, or 35 if 
95% of points are used (Fig. 4). With the log normal model, 
10,000 cells are sufficient to reject as exponential all but a 
narrow range of thresholds between 70 and 73, where the 
rejection rate falls to 50%. | 

Computer-generated data based on alternative models can be 
essentially discriminated at the 10,000 cell level. However, in 
considering the application of models to experimental situa- 
tions, it is pertinent to ask how much variation in the time 
constant of the exponential or in the so-called determined part 
of the cell cycle would be needed to cause rejection of the B 
curve of a simple exponential model, In fact, with 10,000 cells, a 
50% rejection as exponential of the exponential model is 
obtained by a normally distributed variation (sd) of 420% in 
the time constant of the exponential, or of 16%. in the ‘deter- 
mined’ part of the cycle relative to the exponential time 
constant. With the population A (3T3 cells) of ref..8 as an 
example, the mean inter-mitotic time is approximately 10 times 
the exponential time constant derived from the @ curve. There- 
fore, relative to the cell cycle as a whole, the variations would be 
only +2% or less and are modest by biological standards. 
Regardless, then, of the extent to which the real 8 curves retain 
linearity on further investigation, it seems unlikely that further 
kinetic studies or changes in the statistical methods used to 
analyse the data will in fact differentiate between the various 
models. Variation in the determined part of the exponential 
model leads to a shoulder at the top of the 8 curve but variations 
in the time constant lead to curvature at the tail. All the models 
discussed here can, therefore, be adapted to any experimental 
data which may show either a shoulder in the 8 curve or a 


curvature in its tail. 
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Fig. 3 Monte Carlo simulation of the log normal mode! as equa- 
tion (1) with Z = 60: £ plots for 200 pairs and for pairs selected on 
the basis of a minimum cycle time requirement within the pair. 
Numbers on the curves give the number of selected pairs. The 
origins of the curves are again displaced as indicated. In the small 
samples the alternative method of dividing the sample into 
independent sub-groups’ resulted in inconsistent relationships 
between the 8 curves of the sub-groups because of statistical 
fluctuations. With both this model and the transition probability 
model, different trials showed differing relationships between 8 
curves of the sub-groups. 
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Fig. 4 Rejection of inverse normal (a) and log normal (4) B plots 
by the Kolmogorov test. a, Pairs derived from 1,000 (—) and 4,000 
(---) data points were used. The dotted curve shows decreased 
rejection of the data with 4,000 data points when the time constant 
for the comparative exponential is derived from the first 95% of 
observations only. Complete rejection was found with 10,000 data 
points (see text). b, Pairs derived from 1,000 (—~) and 10,000 (- - ~) 
data points were used. The line drawn parallel to the abscissa 
represents the extent of rejection of 8 plots of the single event 
exponential model. 


Although the rate normal and the transition probability 
models have been used to propose simple but different 
mechanisms for inducing variability of cell cycle times, a variety 
of additional mechanisms may produce an exact? or approxi- 
mate’? log normal distribution. Attempts to deduce mechanisms 
consistent with the kinetic data are, therefore, pointless, parti- 
cularly because any of the models can easily be adjusted to 
accept new data. 
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Vertebrate neurohypophysial hormones are known to have 
antidiuretic, vasopressor and oxytocic properties'’. However, 
arginine-vasotocin (AVT), the most primitive of the neuro- 
hypophysial principles and one that has been reported to occur 
in the mammalian pineal gland*”’, also retards murine pubertal 
progression*”° and canine testicular steroidogenesis'*"”. 
Although AVT may exert its inhibitory effect in vivo by reduc- 
ing the release of pituitary gonadotropins™™™*, the possibility of a 
direct antigonadal action cannot be ruled out. Using a recently 
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established primary culture system of rat testicular cells’*, we 
now report that AVT as well as other naturally occurring 
neurohypophysial hormones can act independently of the 
hypothalamic—pituitary unit to exert a direct inhibition of testi- 
cular androgen biosynthesis in vitro. The observation that this 
inhibitory activity can be blocked by vasopressor-selective, but 
not oxytocic-selective antagonists, suggests that the antigonadal 
action of the neurohypophysial hormones is probably mediated 
by highly stereospecific testicular receptor sites. These findings 
constitute the first demonstration of a direct antigonadal activity 
of neurohypophysial hormones and may account, in part, for 
the previously recognized antireproductive activity of AVT. 
Future design of synthetic analogues of neurohypophysial 
hormones may lead to the development of new male contracep- 
tive peptides capable of directly inhibiting Leydig cell androgen 
biosynthesis. 

The effects of nine naturally occurring neurohypophysial 
hormones on the human chorionic gonadotropin (HCG)-stimu- 
lated secretion of testosterone into the medium was investigated 
in vitro. Treatment with HCG (10ngml™') led to a 68-fold 
increase in the secretion of testosterone compared with 
untreated controls (Fig. 1). Concomitant treatment with 
increasing concentrations (10°''-10°° M) of various neuro- 
hypophysial hormones resulted in a dose-dependent inhibition 
of the HCG-stimulated testosterone secretion. Arginine-vaso- 
pressin (AVP), AVT and lysine-vasopressin (LVP) proved most 
potent, with a projected minimal effective concentration of 
~10'° M and median effective doses (EDs os) of 2.5 40.2, 2.8 £ 
0.1 and 5.1+0.3107'°M, respectively. (The projected mini- 
mal effective concentration is defined as the concentration 
leading to a decrease of 2.d. of the HCG-stimulated produc- 
tion of testosterone. Dose-response curve fitting and median 
effective dose (EDsa) determinations were carried out by a 
computer program based on a four-parameter logistic equa- 
tion’®.) As a group, these three peptides were about 100-fold 
more potent than mesotocin, valitocin and oxytocin (EDs 
3.6+0.2, 5.6+£0.4 and 7.1+0.4x10°°M, respectively). In 
contrast, 10°°M of isotocin, glumitocin and aspartocin were 
virtually without effect. Pressinoic acid, the cyclic pentapeptide 
constituting the ring structure of AVP and LVP”, was also 
without effect (data not shown). As shown in Fig. 2, a significant 
(P<0.01) positive correlation was found between the anti- 
gonadal potencies of the neurohypophysial peptides and their 
known antidiuretic (r =+0.96) and vasopressor (r= +0.97) 





Table 1 Effect of treatment with vasopressor- and oxytocic-selective 
antagonists on the AVT-induced inhibition of androgen biosynthesis 





Testosterone 
secretion 
Treatment (ng per culture) 

None 0.04 + 0.01 
HCG 2.78+0.08 
HCG+AVT 1.30+0.104 
HCG+GnRH . . 1.730.154 
HCG + AVT + d(CH>)5-Tyr-(Me)A VP* 2.71+0,10 
HCG + AVT + d(CH2}5-TOT? 1.3240.05¢ 
HCG + GnRH + GnRH antagonist 2.61£0.17 
HCG + AVT + GnRH antagonist 1.280.134 
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Testicular cells were cultured as described in Fig. 1 legend for 3 days in 
the presence or absence of HCG (10 ng mi~'), AVT (10° M), GnRH 
(1078 M), a vasopressor-selective antagonist [d(CH2)<-Tyr-(Me)AVP] 
(10°° M), an oxytocic-selective antagonist [d(CH2);-TOT] (107° M), 
a GnRH antagonist (Ac-p-Phe!-p-pCl-Phe*-p-Trp*’-GnRH) 
(107° M)), or appropriate combinations thereof. Medium testosterone 
content was measured by radioimmunoassay. The results are expressed 
as the mean +s.e. of quadruplicate cultures. 

* (1-(B-mercapto - 8,B-cyclopentamethylenepropionic acid),2 -(O- 
methyl)tyrosine Jarginine-vasopressin. 

+[1- (8 - mercapto - 8,8 - cyclopentamethylenepropionic acid),4 - 
threonine joxytocin. 

ł Significantly different (P<0.05) from cultures treated with HCG 


alone. 
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Fig. 1 Effect of nine naturally occurring neurohypophysial 
hormones on the HCG-stimulated secretion of testosterone. 
Testicular cells were obtained from adult (50-70 days old) hypo- 
physectomized male rats and cultured without treatment for 8 days 
during which time media were replaced every 2 days". The cells 
were then cultured for 3 additional days in the presence or absence 
of 10ngml™' of highly purified HCG (Canfield CR-121, 
13,450 IU per mg) and increasing concentrations (107 ''~107° M) 
of various neurohypophysial hormones. The present culture 
constitutes a whole testicular dispersate which is more responsive 
to gonadotropins than isolated Leydig cells and is believed better to 
approximate the physiological conditions. Medium testosterone 
content was measured by radioimmunoassay. Neurohypophysial 
hormones did not interfere with the testosterone radioimmuno- 
assay (data not shown). Measurements were further validated 
by the demonstration of comparable testosterone levels in 
ether-extracted samples. The results are expressed as the mean of 
quadruplicate cultures. Dose-response curves are provided for 
three representative peptides: arginine-vasopressin, oxytocin and 
isotocin. Curve fitting used the four-parameter logistic equation’®. 


potencies’*. In contrast, no significant correlation was found 
between the antigonadal and oxytocic potencies'® of these 
peptides (r = —0.24; P>0.1). Also, treatment with AVP, AVT, 
LVP or oxytocin did not interfere with the binding of HCG to its 
receptors (data not shown) and the antigonadal effect of the 
neurohypophysial hormones was partially reversible 5 days after 
removal of the peptides (data not shown). The inhibitory effect 
of the neurohypophysial peptides was not associated with alter- 
ations in the total cell number, cell viability, cellular DNA or 
protein content (data not shown) and became statistically 
significant (P < 0.05) after 12 h of treatment. Furthermore, the 
inhibitory effect of AVT on androgen biosynthesis was 
effectively blocked by vasopressor-selective’” but not oxytocic- 
selective antagonistic analogues of neurohypophysial 
hormones (Table 1). A potent antagonist of gonadotropin 
releasing hormone (GnRH), Ac-D-Phe’-D-pCl-Phe?-D-Trp**- 
GnRH, capable of antagonizing the antigonadal activity of 
GnRH, was without effect on the AVT-induced inhibition of 
androgen biosynthesis (Table 1). 

AVT or AVT-like activity has been reported in the pineal of 
several mammalian species, including man’. As several recent 
reports suggest the presence of AVP-like immunoreactivity in 
the pineal gland*'”’, our observations raise the possibility that 
AVP also constitutes part of the antigonadal activity of pineal 
extracts. Taken together, our findings extend the range of 
biological activities ascribed to the neurohypophysial hormones 
to include a direct antigonadal effect. 

The reported circulating concentrations of neurohypophysial 
hormones in various adult mammals are of the order of 107'2 M 
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(refs 23~25). Consequently, the antigonadal effects of neuro- 
hypophysial hormones reported here (minimal effective dose 
107° M) may be considered pharmacological. However, one is 
tempted to speculate that the antigomada! property of neuro- 
hypophysial hormones represents a primitive physiological 
function in lower vertebrates that was lost during evolution, 
Analogous reasoning can be applied to the vasopressor and 
vasodepressor functions of neurohypcphysial hormones. Also, 
the neurohypophysial hormones or closely related peptides may 
be produced within the gonad, yieldinglocal concentrations high 
enough to inhibit certain gonadal functions. 

The mechanisms whereby neurehypophysial hormones 
inhibit testicular androgen biosynthesis remain unknown. 
However, the striking correlation between the antigonadal and 
the antidiuretic and vasopressor potencies of neurohypophysial 
hormones (Fig. 2) and the blockade of the antigonadal activity of 
AVT by a vasopressor (but not by an oxytocic) antagonist, 
suggest stringent stereospecific requirements of the gonadal 
recognition site. 

We and others have recently demonstrated that hypothalamic 
GnRH, in addition to its gonadotropin-releasing action in the 
pituitary, directly inhibits a variety cf ovarian and testicular 
functions’**°. Our present findings indicate that central nervous 
system peptides other than GnRH can also directly inhibit 
testicular androgen biosynthesis. Use of the present bioassay 
system to screen synthetic analogues of neurohypophysia! 
hormones for antigonadal activity mizht lead to the develop- 
ment of a new group of highly potent ard selective contraceptive 
peptides capable of directly interfering with Leydig cell 
androgen biosynthesis. 

We thank Dr S. S. C. Yen for support, Dr A. Lein for helpful 
discussions, Dr M. Manning for »roviding d(CH,),-Tyr- 
(Me)AVP, d(CH,);-TOT, valitocin, glimitocin and aspartocin, 
Dr N. C. Ling for the GnRH antagonist, NICHHD, Center of 
population research, for highly purified HCG, Dr D. Rodbard 
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Fig. 2 Correlation of the antigonadal potency of neuro- 
hypophysial hormones with their known antidiuretic (@), vaso- 
pressor (A) and oxytocic (©) potencies. The relative antigonadal 
potency of neurohypophysial hormones is based on ED«o values 
derived from Fig. 1. The relative antidiuretic, vasopressor and 
oxytocic potencies of neurohypophysial hormones in the rat have 
been published elsewhere. AVP is ased as the reference 
compound for antidiuretic, vasopressor and antigonadal activities 
whereas oxytocin is the reference compound for oxytocic activity. 
Reference compounds have been assigned the arbitrary potency 
value of 100. Antigonadal versus vasopressor activity, = 0.97; 
antigonadal versus antidiuretic activity, r= 0.96. 
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Amyloid P component (AP) is a glycoprotein found in amyloid 
deposits'* which is apparently identical to the normal plasma 
protein, serum amyloid P component (SAP)*. SAP closely 
resembles C-reactive protein (CRP), the classical acute phase 
reactant, in molecular configuration®® and amino acid 
sequence’ but is not related to any other known protein. We 
have recently shown that a protein which is immunochemically 
cross-reactive with SAP is an integral constituent of normal 
human glomerular basement membrane and is covalently asso- 
ciated there with collagen and/or other matrix proteins” ‘’. We 
now report that antibodies to SAP bind immunospecifically to 
the peripheral, microfibrillar mantle of elastic fibres in the skin 
and in blood vessels of normal adults. These findings extend 
both biochemical characterization of elastic fibres, which are a 
universal and important constituent of connective tissues, and 
knowledge of the normal tissue distribution of AP. 
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Microfibrils of average diameter ~8 nm are seen by trans- 
mission electron microscopy in all connective tissues'*~’*. They 
are most conspicuous as a peripheral mantle layer surrounding 
elastic fibres and are also frequently observed as a constituent of 
basement membranes bounding tissues and at endothelial sur- 
faces. Apparently similar microfibrils may sometimes be found 
in association with, but distinct from, collagen fibres. Bio- 
chemical and immunochemical studies of microfibrils have been 
limited previously by the technical difficulties involved in their 
separation from other connective tissue elements and isolation 
in pure form'* 

Here, direct immunofluorescence staining of unfixed normal 
human tissues with rabbit anti-human SAP antibodies produced 
bright fluorescence associated with elastic fibres in the connec- 
tive tissue of the skin, lung, gut and heart, and in the walls of 





Fig. 1 Immunofluorescence staining of normal human tissues with anti- 
SAP antibodies. Unfixed 4-um cryostat sections of snap-frozen tissues 
obtained by biopsy or surgery were air-dried and washed with phosphate- 
buffered saline (PBS), pH 7.4. These were stained with fluorescein iso- 
thiocyanate-conjugated pepsin (Fab’), fragments of rabbit IgG anti-human 
SAP antibodies at an optimal dilution in PBS containing 1% w/v bovine 


serum albumin®'’. The antiserum, raised by immunization with isolated 
pure human SAP, was monospecific against whole human serum” in gel 
immunodiffusion tests, It did not stain any of four separate lines of cultured 
human skin fibroblasts. Control sections were stained with fluorescent 
antibody which had been preabsorbed with isolated pure human SAP“ 
Fluorescence was read using a Leitz Orthoplan microscope equipped with 
water immersion objectives and photographed with the Orthomat system 
using Kodak ASA 400 film. a, Skin; b, skin (control stained with preab- 
sorbed fluor): e. media of the aorta; d, saphenous vein (L, lumen); e, 
myocardium: f, oesophageal wall; g. lung, * 110 
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Fig.2 Immunoperoxidase staining of normal human tissues with anti-SAP antibody. Blocks of fresh tissue were fixed in freshly prepared 3% w/s paraformaldehyde 
in 8.5% w/v sucrose in PBS for 10 min at 4 °C, washed thoroughly in sucrose /PBS and snap-frozen for cutting of 15-um cryostat sections. These were incubated with 
an optimal dilution of sheep IgG anti-human SAP antibodies which had been conjugated with horseradish peroxidase**. The antiserum. raised by immunization with 
isolated pure human SAP", was monospecific against normal human serum in gel immunodiffusion tests and did not stain any of four separate lines of cultured human 
skin fibroblasts. The IgG fraction was obtained by DEAE-cellulose chromatography. Control sections were stained with peroxidase-cor jugated anti-SAP which had 
been preabsorbed with isolated pure human SAP. After washing the tissue sections, bound conjugate was detected by incubation with diaminobenzidine and 
hydrogen peroxide*’, post-fixing with osmium tetroxide and then embedding and resectioning for viewing in an AEI-801 transmissien electron microscope. The 
electron-dense osmicated peroxidase reaction product is seen as a continuous layer on the surface of elastic fibres and the associated microfibrils. a, Skin (EP. 
epidermis; C, bundles of collagen fibres cut transversely and longitudinally; EL, elastic fibres). x 1,590. b, Media of the aorta (C, collagen fibres; EL, elastin cores of 
elastic fibres sectioned longitudinally and transversely; MF, peripheral microfibrillar mantle of elastic fibres). x 4,032. c, Skin (C, collagen fibres; EL, elastin core of 
elastic fibres containing intrinsic electron-dense fibrils; MF, same as for b). x 15,750. 


blood vessels (Fig. 1). In addition there was staining surrounding 
sweat glands in the skin, as described elsewhere '*, and in some 
vascular basement membranes but not those of the dermal 
papillary vessels. Apart from the stratum corneum of the epi- 
dermis, which absorbed the fluor non-specifically, all fluorescent 
staining was completely inhibited by preabsorption of the anti- 
SAP reagent with isolated pure human SAP. The thin, 
superficial oxytalan fibres in the papillary dermis appeared to be 
stained homogeneously while the thicker elaunin and elastic 
fibres in the reticular dermis appeared as tubular structures 
stained only on the periphery. These results were confirmed by 
electron microscopy of sections of skin and aorta which had been 
stained with peroxidase-conjugated anti-SAP antibody. Specific 
binding of this reagent, which was completely inhibited when 
preabsorbed with pure SAP, was confined to the microfibrils 
making up the oxytalan and elaunin fibres and which are located 
at the periphery of mature elastic fibres (Fig. 2). There was no 
staining of collagen fibres or of the dermo-epidermal basement 
membrane. 

SAP is not related to the microfibril antigens detected by an 
antiserum raised by Kewley et al.'**'° against bovine elastic fibre 
microfibrils and used” to isolate microfibril-specific glycopro- 
teins. Kewley’s antiserum reacted with all morphologically 
recognizable microfibrils'**'®, including those associated with 
collagen and with basement membranes generally. It also cross- 
reacted with human and avian microfibrils'*'*, but not with 
human SAP (unpublished observations). In contrast, antisera to 
human SAP bind to glomerular but not renal tubular basement 
membrane” '”; they neither bind to collagen fibres in any tissue 
studied nor cross-react with bovine or avian SAP. AP itself 
contains no hydroxylated amino acids* and is not degraded by 
collagenase’, but it is released into solution, mainly in a high- 
molecular-weight form, by digestion of isolated glomerular 
basement membrane with collagenase”. Microfibrils are present 
on the endothelial aspect of the glomerular basement 
membrane’ in the same position as the AP, as located by 
immuno-electron microscopy. Thus it is possible that, both there 


and on elastic fibre microfibrils, AP megy be associated with the 
microfibrillar protein, designated MFP I (ref. 17), which 
contains a collagenase-sensitive regicn. Further biochemical 
characterization of the AP and associated glycoproteins both in 
basement membrane and on elastic fibre microfibrils is in pro- 
gress. 

The physiological significance of AP es a normal tissue protein 
is unknown but it may be relevant that fibronectin, the only 
other protein that exists normally both in the plasma and in 
connective tissues’, is selectively bound in vitro by aggregated 
SAP*’. With regard to pathophysiolcgical processes, partic- 
ularly amyloidogenesis, it is intriguing tnat there is often a close 
morphological association in vivo between amyloid fibrils and 
microfibrils of both elastic fibres*’ and basement membranes”, 
while SAP is known to bind specifically to isolated amyloid 
fibrils in vitro”. 

This work was supported in part by MRC programme grant 
G979/51 to M.B.P. R.F.D. was in receipt of a grant from the 
MRC of Canada. We thank Dr G. Fook for preparing the 
peroxidase conjugate and Mr W. Hinkes for printing the 
fluorescence photomicrographs. 
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Kainic acid is a potent neuroexcitant with neurotoxic proper- 
ties—its infusion into the cerebellar cortex of rat and hamster 
selectively destroys inhibitory neurones’. Electrophysiologi- 
cal’ and neurochemical’ data indicate that kainate is unlikely to 
act through the predominant type of receptor for L-glutamate. 
Thus, kainate may interact either with a specific subclass of 
glutamate receptor or with receptors for an unidentified endo- 
genous neuroexcitant. Recently, it was reported that the 
pteroylmonoglutamate compound, methyltetrahydrofolate 
(MTHF), is a potent inhibitor of “H-kainate binding to rat 
cerebellar membranes, while not influencing the binding of 
L-glutamate, and exhibits an activity approximately 1/10th of 
that of kainate itself®. As MTHF, like kainate, has convulsive 
properties™®, we have investigated the possibility that this 
substance also exhibits neurotoxic effects. Here, we report that 2 
weeks after intracerebellar injections of MTHF (250 nmol) 
there was a substantial loss of Purkinje cells and a reduction in 
associated markers for functions mediated by y-aminobutyric 
acid (GABA). However, the time course of degeneration after 
MTHF was much slower than with kainate, and in contrast to 
kainate and other neurotoxic amino acids, MTHF did not 
increase the levels of cyclic GMP in cerebellar slices. A direct 
effect of MTHF on receptors for kainate therefore seems 
unlikely. 

As reported previously’, injection of kainate (10 nmol) at 
three sites in the rat cerebellum resulted within 48h in an 
extensive loss of Purkinje and other inhibitory cell types as 
compared with control tissue (Fig. la, b). In preliminary 
experiments, MTHF was injected at a dose (triple injections of 
100 nmol) directly comparable with that of kainate on the basis 
of the °H-kainate binding data®. However, this could serve only 
as an approximation because MTHF is rapidly metabolized (and 
hence possibly inactivated) by the enzyme MTHF-homocys- 
teine methyltransferase. 

After 48 h, in contrast to the effects of kainate, no cell loss was 
observed. However, a variable proportion (10-20%) of the 
Purkinje cells appeared significantly shrunken and pyknotic 
(data not shown). Histological and biochemical assessment of 
cerebella injected with a higher dose of MTHF (triple injections 
of 250 nmol) administered 14 days previously, indicated exten- 
sive neurotoxicity (Fig. 1c), with an approximate 40% loss of 
Purkinje cells and a further 30% of these cells appearing 
pyknotic, as estimated from serial 10-~m parasagittal sections 
taken either side of the injection sites, and comprising about 
one-third of the cerebellum. In contrast to the Purkinje cells, 
granule cells appeared normal. Compared with control tissues, 
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Table 1 Effects of MTHF and threo-3-hydroxyaspartate on cerebellar 
GAD activity and GABA uptake 


Tia 





GAD activity P2 GABA uptake 
(mmol GABA (pmol per mg 
formed protein 
Treatment per kg per h) per 3 min) 
Control 30.50.43 177.1&21.2 
| 24.6+ 1.00" 140.9+ 17.8 
Threo-3-hydroxyaspartate 31.840.91 158.8+11.3 
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Rats were injected with MTHF or threo-3-hydroxyaspartate as 
described in Fig. 1 legend. After 14 days cerebella were removed 
following decapitation of the animals, and the tissues were homogenized 
in 20 vol 0.32 M sucrose. Glutamate decarboxylase activity and high- 
affinity “H-GABA uptake were determined precisely as described 
previously” . Results are means + s.e.m. of triplicate determinations with 
three animals for each treatment. 

* Statistical significance of difference from control by t-test, P< 
0.001. 


glutamate decarboxylase (GAD) activity of MTHF-injected 
cerebella was reduced (by ~20% ), as was GABA uptake into P2 
preparations, although the reduction in the latter was not statis- 
tically significant (Table 1). 

Glutamate and kainate markedly increased cyclic GMP levels 
in 8-day old rat cerebellar slices? whereas MTHF at concen- 
trations of up to 1 mM failed to increase cyclic GMP levels 
(Table 2). Additionally, whereas kainate and glutamate exhi- 
bited a marked synergistic effect on the stimulation of cyclic 
GMP levels, no such interaction occurred with MTHF. Other 
biochemical studies involving excitatory amino acid-induced ion 
fluxes in adult rat striatal slices have shown that kainate and 
other neurotoxic amino acid analogues produce large increases 
in ?Na* flux rates, while MTHF is inactive (ref. 10 and V. I. 
Teichberg, personal communication). This suggests that MTHF 
does not act in the same way as kainate. 

Folate and two of its analogues (N°-formyl-5,6,7,8-tetra- 
hydrofolate and 4-amino-N’’-methylpteroylglutamic acid) 
have powerful facilitatory actions on glutamate-activated or 
spontaneously firing cat pericruciate cortex neurones, but 
possess only weak excitatory actions on quiescent neurones’. 
This effect may in part be due to the ability of these agents to 
inhibit high-affinity glutamate uptake’*. We have accordingly 
examined the ability of MTHF to inhibit synaptosomal uptake of 
3H-D-aspartate (a non-metabolizable substrate for the glu- 
tamate uptake carrier), and have found it to be approximately 
1/100th as effective as the potent glutamate uptake inhibitor, 


a 


Table2 Effect of L-glutamate, kainate and MTHF on cerebellar cyclic 








GMP levels 
Cyclic GMP formed 
Compound (1 mM) (pmol per mg protein) % Stimulation 
Control 0.3£0.1 
L-giutamate 29.9+3.6 6,000 
Kainate 19.141.7 3,820 
MTHF 0.4+0,2 — 
L-glutamate + kainate 105.9+2.7 21,180 
(0.1 mM) 
L-glutamate + MTHF 33.342.7 6,660 
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Cerebellar slices (0.5 x 0.5 mm) from 8-day-old rats were prepared on 
a Mcllwain chopper and preincubated in Krebs-bicarbonate medium at 
37°C under 95% O,/5% CO. After 90 min, the compounds under test 
were added and the incubation was continued for a further 5 min. Tissue 
concentrations of cyclic GMP were determined by radioimmunoassay as 
described previously’. Results are means+s.e.m. of at least four 
independent observations. In the experiments with combinations of 
compounds, the response to L-glutamate +kainate was significantly 
different (P<0.001) from the sum of the effects of kainate and glu- 
tamate alone. 


© 1981 Macmillan Journals Ltd 


Nature Vol. 293 22 October 1981 655 





Fig.1 Effects of intracerebellar injections of kainate, MT HF and 
threo-3-hydroxyaspartate. Female Wistar rats (four per group) 
weighing 200-250 g were anaesthetized with sodium pentobar- 
bitone (60 mg per kg intraperitoneally), placed in a stereotaxic 
frame, and triple injections of kainate (10 nmol), MTHF 
(250 nmol) or threo-3-hydroxyaspartate (170 nmol) in phosphate- 
buffered saline (pH 7.4) were made 5 mm back from lambda at sites 
on and 2.5 mm either side of the midline, to a depth of 3 mm. 
Because of the relative instability of MTHF in solution, this was 
prepared immediately before injection and kept at +2 °C, protec- 
ted from light. Animals were allowed to survive for 48 h (kainate- 
treated) or 14 days before being anaesthetized and transcardially 
perfusion-fixed with Heidenhain’s Susa. Cerebella were embedded 
in wax and 10-um sections stained with cresyl violet. a, Control 
cerebellum after injection 14 days previously with vehicle. b, 
Kainate (10 nmol) injected cerebellum; note complete loss of 
Purkinje cell layer (asterisks). c, MTHF (250 nmol) injected cere- 
bellum. Extensive loss of Purkinje cells (asterisks), numerous 
shrunken and pyknotic cells. d, Threo-3-hydroxyaspartate 
(170 nmol) injected. Shrunken Purkinje cells apparent: no cell loss 
observed. x14. 


threo-3-hydroxyaspartate. Using a cerebellar P2 preparation, 
the uptake of *H-D-aspartate was examined over a wide range of 
inhibitor concentrations and log dose-inhibition curves con- 
structed (not shown). These yielded IC.. values of 2.5 x 10% and 
4.0 x 10™* M for threo-3-hydroxyaspartate and MTHF, respec- 
tively. 

Injection of a high dose of threo-3-hydroxyaspartate (triple 
injections of 170 nmol) into the cerebellum resulted in some 
apparent neurotoxicity when assessed 2 weeks later. However, 
this was very much less than that occurring with MTHF (Fig. 1d) 
and no significant alteration in either GABA uptake or GAD 
activity was observed (Table 1). 

In conclusion, we have found that following intracerebellar 
injections, MTHF at relatively high doses exerts a marked 
neurotoxicity similar to that seen following injection of kainate 
or other ‘excitotoxic’ amino acids. However, we do not know 
whether the MTHF lesion is axon-sparing. Although binding 
data from one research group indicate that MTHF may interact 
potently with kainate receptors’, other biochemical assays have 
failed to reveal a kainate-like action, and this, coupled with the 
much slower time course of neurotoxicity observed with MTHF, 
may suggest an alternative mechanism. It is feasible, for exam- 
ple, that MTHF or a metabolite might exert its toxicity at least in 
part by interfering with the uptake of glutamate or other similar 
endogenous excitant. In this respect it is pertinent that destruc- 
tion of glutamate uptake sites produces a dramatic enhancement 
of glutamate toxicity in the hippocampus’. 

Following submission of our findings, Olney et al. reported'“ 
that MTHF (300 nmol) injected into the rat amygdala and folic 
acid (50 or 100 nmol) in the striatum failed to mimic the local 
neurotoxic actions of kainate, while duplicating the kainate 
pattern of distant brain damage which is probably attributable to 
a seizure mechanism. These findings therefore also indicate that 
major differences exist between the actions of kainate and 
MTHF in effecting neurotoxicity. 

G.A.F. is an SRC research student. 
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Peptides related to mammalian hormones and neuropeptides 
are known to occur widely in invertebrate nervous systems’. It 
seems plausible to suppose that peptides which have hitherto 
been found only in invertebrate nervous systems might also have 
representatives that function as hormones or neuroregulators in 
vertebrates. However, this idea has yet to be rigorously tested. 
Recently, Boer et al.” described immunohistochemical studies 
in which antisera to a peptide isolated from molluscan ganglia, 
Phe-Met-Arg-Phe-NH, (FMRFamide)’’, revealed nerve fibres 
in the brain of the mouse and a teleost fish. This tetrapeptide is of 
particular interest in that its amino acid sequence is related to 
that of the C-terminal tetrapeptide of cholecystokinin (CCK) 
and gastrin (Irp-Met-Asp-Phe-NH,), and is identical to the 
primary sequence of the C-terminal tetrapeptide of an enke- 
phalin-related heptapeptide, Tyr-Gly-Gly-Phe-Met-Arg-Phe- 
OH, recently isolated from bovine adrenal medulla and striatum 
and known to be a potent opioid agonist'*”’*. It is not known 
whether the material identified by Boer et al. corresponds to 
these previously identified vertebrate peptides. We present here 
evidence from radioimmunoassay and immunohistochemical 
studies that FMRFamide-like material occurs in central nervous 
system and gut endocrine cells of vertebrates. The material is 
distinguishable in properties and distribution from presently 
known peptides related to CCK or Met-enkephalin, and we 
propose that it be added to the list of substances thought to have 
dual roles as gut hormones and central neuroregulators'”**. 

Antisera to FMRFamide were obtained by immunization of 
rabbits with synthetic FMRFamide coupled to thyroglobulin by 
glutaraldehyde. In radioimmunoassays using Tyr' FMRFamide 
labelled with I, the concentration of FMRFamide needed for 
50% inhibition of binding of label was 20-25 fmol ml”? (Fig. 1). 
Cleavage of FMRFamide between arginine and phenylalanine 
by incubation with trypsin, reduced immunochemical potency 
over 1,000-fold. The antiserum failed to show significant affinity 
(<0.001 relative to FMRFamide) for the following peptides: 
C-terminal octa- and tetrapeptides of cholecystokinin, vaso- 
active intestinal polypeptide, substance P, bombesin, C-terminal 
hexapeptide of pancreatic polypeptide, B-endorphin, Met- 
enkephalin, Met-enkephalin-[Arg°], Met-enkephalin-[Lys‘], 
Met-enkephalin-NH,, Leu-enkephalin-[Arg®], _ Leu-enke- 
phalin-[Lys°]. Moreover, the desamido tetrapeptide (FMRF- 
OH) had 100-fold lower immunoreactivity than the amidated 
form (Fig. 1). Met-enkephalin-[Arg®-Phe’], that is, the 
desamido tetrapeptide extended at the N-terminus by Tyr-Gly- 
Gly, also failed to show significant immunochemical potency 
(Fig. 1). In sharp contrast, the pentapeptide produced when 
FMRFamide was extended at the N-terminus by tyrosine 
showed full immunochemical potency. These results therefore 
demonstrate that the antiserum has high specificity for the 
C-terminus of FMRFamide, and in particular requires the C- 
terminal amide for full immunoreactivity. 

Initial studies on extracts of brain, gastrointestinal tract and 
pancreas of several vertebrate species (rat, cow, dog, frog and 
chicken) indicated that relatively high concentrations of 
immunoreactive material occurred in frog brain (163 + 27 pmol 
per g, mean+s.e., n = 5) and chicken pancreas (93+ 9 pmol per 
g, n = 5), and these tissues were therefore selected for detailed 
studies. Extracts of both tissues inhibited binding of label to 
antiserum in parallel with standard FMRFamide (Fig. 1). In both 


cases, digestion of the extract with trypsin reduced 
immunoreactivity by at least 100-fold (Fig. 1). These results 
establish the peptidic nature of the vertebrate material, and are 
compatible with an arginine residue in the penultimate position, 
as in FMRFamide. Fractionation of both extracts on Sephadex 
G-50 revealed a major peak of activity that eluted significantly 
before FMRFamide (Fig. 2). Sephadex gel filtration is an 
imperfect guide to molecular weight of small peptides, but it is 
likely that the FMRFamide-like immunoreactive factors in frog 
brain and chicken pancreas are larger than the molluscan tetra- 
peptide, and presumably correspond to extensions at the N- 
terminus of the antigenic determinant. 

The cellular distribution of FMRFamide immunoreactivity 
was studied by an indirect immunofluorescence method’. Frog 
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Fig. 1 Inhibition of binding of ‘**I-labelled [Tyr']-FMRFamide to 
antiserum by graded concentrations of standard peptides or tissue extracts. 
Antiserum was used at a dilution of 1: 25,000, and incubated in phosphate 
buffer (0.05 M, pH 7.4, containing 0.14 M sodium chloride, 3 uM sodium 
azide and 0.5% v/v Bovumin) with 2,000 c.p.m. of label. The antiserum was 
raised in a rabbit immunized with a conjugate prepared by reacting (30 min, 
22°C) FMRFamide (500 nmol), thyroglobulin (2 mg) and glutaraldehyde 
(20 pl, 5% solution added to 1.0 ml of the other reactants in 0.05 M 
phosphate buffer, pH 7.4), followed by dialysis against distilled water 
(41,4°C, 24h). The rabbit was immunized with the equivalent of 75 nmol 
FMRFamide, by a schedule previously used?’ for CCK8. [Tyr']-FMRF- 
amide (Peninsula) was iodinated by the chloramide-T method and purified 
on CM-Sephadex eluted with ammonium acetate. Separation of antibody- 
bound (B) and free (F) label in the radioimmunoassay was obtained by 
addition of 100 pl of charcoal suspension (100 g 17+) precoated with dextran 
(40g1"') and plasma (100 mil'), and centrifugation (2,000g, 10 min). 
Inhibition of binding by standards or extracts is expressed as percentage of 
the initial ratio of bound to free counts in the absence of competing peptide. 
Tissue extracts were prepared by boiling tissues in water (0.1 g mi” 's § min) 
and centrifuging (2,000g, 10 min), the residues were re-extracted with 0.5 M 
acetic acid, centrifuged as before and the two extracts pooled. Re-extraction 
of pellets revealed >90% of activity recovered in the first extraction cycle. 
The same method was used to prepare extracts of brain from rat and cow, 
and of alimentary tract of rat, dog and chicken. Partial purification of some 
extracts was achieved by adsorption to Amberlite XAD, resin, elution with 
90% methanol and lyophilization; recovery of FMRFamide by this method 
was >96%. Trypsinized extracts were prepared by incubation (37 °C, 1 or 
18h) of extracts in ammonium bicarbonate (0.05 M) together with 
50 pg mi! of TPCK-trypsin (Worthington), followed by inactivation in a 
boiling water bath (5 min). Specificity of the assay was established by studies 
of cross-reactivity of the following peptides: FMRFamide (Peninsula), pure 
natural porcine vasoactive intestinal polypeptide (VIP; donated by Professor 
V. Mutt), synthetic substance P (Peninsula), synthetic sulphated C-terminal 
octapeptide of cholecystokinin (CCK8; Squibb), synthetic C-terminal 
tetrapeptide of gastrin/cholecystokinin (G4; donated by Professor G. W. 
Kenner), FMRF-OH (donated by Dr I. Galpin), synthetic tetradecapeptide 
bombesin (donated by Farmitalia), Met-enkephalin and Met-enkephalin- 
(Arg®-Phe’] (Peninsula). The following peptides were also studied and found 
to have no significant immunochemical potency (<0.001 relative to 
FMRFamide); C-terminal hexapeptide of pancreatic polypeptide (donated 
by Dr I. Taylor), 8-endorphin (donated by Dr R. Guilleman), Met-enke- 
phalin-[Arg®], Met-enkephalin-[Lys°], Met-enkephalin-NH), Leu-enke- 
phalin-[Arg®] and Leu-enkephalin-[Lys*] (all Peninsula). @, FMRFamide; 
©, chicken pancreas; A, frog brain; W, FMRF-OH; x, CCK8, G4, Met- 
enkephalin, Met-enkephalin-[Arg*-Phe’], substance P, bombesin, frog 
brain (trypsin) and chicken pancreas (trypsin). 
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brain showed an extensive system of immunofluorescent nerve 
cell bodies and nerve fibres around the ventricle in the preoptic 
region (Fig. 3). Moreover, numerous immunoreactive fibres 
were also identified around the lateral ventricles in the fore- 
brain, in the thalamus, hypothalamus, optic tectum and medulla 
but were scarce in the cerebellum. Studies on rat brain have 
revealed immunofiuorescent fibres particularly in the nucleus 
accumbens, medial thalamus, hypothalamus, brain stem and 
spinal cord (Fig. 3). However, in addition to a neuronal origin, 
immunohistochemical studies have demonstrated abundant 
immunoreactive endocrine-like cells in gastrointestinal tract 
and pancreas. In the chicken, numerous fluorescent cells were 
found scattered throughout the acinar tissue of the pancreas, 
and were not localized in islets (Fig. 3). In the gastrointestinal 
tract immunofluorescent endocrine-like cells were common in 
the ileum and colon mucosa, particularly in the dog. In brain, gut 
and pancreas, the distribution of cells with FMRFamide-like 
immunoreactivity was readily distinguishable from that of cells 
demonstrated by antisera to Met-enkephalin or CCK. 
Moreover, antisera to FMRFamide failed to demonstrate 
immunoreactive cells in the dog or bovine adrenal medulla, 
which are known to contain enkephalin-like peptides’*, and 
which were readily stained by Met-enkephalin antisera. The 
positive FMRFamide-like immunoreactivity in brain and gut 
was abolished by preabsorption of antiserum with FMRFamide 
(10 nmol ml’), but not by absorption with Met-enkephalin, 
Met-enkephalin-[Arg®-Phe’] or CCK8 (all 100 nmol ml”), 
indicating the specificity of localization. 

Full characterization of the material identified here must 
await its isolation, and work in this direction is in progress. 
Conceivably the FMRFamide-like activity could be due to 
C-terminally amidated forms of Met-enkephalin-[Arg®-Phe’ ], 
or an N-terminally extended variant™. It is noteworthy, there- 
fore, that in bovine adrenal medulla and rat and bovine stria- 
tum'*’®, tissues that contain Met-enkephalin-[Arg®°-Phe’] in 
significant quantities (up to 50 pmol per g), we have found only 
trace amounts of FMRFamide-like immunoreactivity (<5 pmol 
per g). Thus, for a common precursor to give rise to Met- 
enkephalin-[Arg°-Phe’] on the one hand and FMRFamide-like 
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Fig. 2 Fractionation on Sephadex G-50 superfine (1 x 100 cm) of extracts 
of chicken pancreas and frog brain (see Fig. 1). Columns were run in 0.5 M 
acetic acid at 4 °C. As acetic acid caused nonspecific inhibition in the assay, 
all eluate tubes were lyophilized and reconstituted in assay buffer before 
assay, Top arrows indicate elution positions of substances used to calibrate 
the column; bovine serum albumin ( V), pure natural porcine VIP, synthetic 
substance P, synthetic FMRFamide and sodium chloride ( V.). Recovery of 
immunoactivity from columns was 80-100% 








Fig.3 Tissues for immunohistochemistry were taken from brain (frog, rat), 
gastrointestinal tract and pancreas (frog, chicken, rat, cat, dog, pig). The 
tissues were fixed in 0.4% p-benzoquinone in 0.1 M sodium cacodylate 
buffer, pH 7.3, for 1—4 h at 4 °C, rinsed for 24 h ir the same buffer containing 
20% sucrose, then snap-frozen and sectioned in a cryostat. 10-um sections 
were incubated for 24 h with antiserum to FMRFamide (at dilutions up to 
1: 400), then incubated for a further hour with goat-anti-rabbit IgG con- 
jugated with fluorescein isothiocyanate (1:40, Miles). Following both 
incubations, sections were rinsed for 1h in phosphate-buffered saline 
FMRFamide-like immunoreactivity localized in: a, nerve cell bodies and 
fibres around the third ventricle in the preoptic region of frog brain, section 
counterstained with haematoxylin, x85; b, a beaded nerve fibre in rat 
thalamus, x440; c, cells scattered in the chicken pancreas outside inslets 
(arrows)—the latter are clearly demonstrated in a serial section (d) stained 
with an antiserum to somatostatin (7812, 1: 500, a gift from Dr T. Yamada), 
x60. Non-immune serum gave negative results; for further absorption 
controls see text 


peptides on the other, would require separate patterns of post- 
translational processing in the different cell types. This possi- 
bility requires serious consideration because recent findings in 
our laboratory indicate that synthetic FMRFamide has potent 
excitatory actions on brain stem neurones in the rat which are 
clearly distinct from the mainly inhibitory actions of Met- 
enkephalin or Met-enkephalin-[Arg*-Phe’] (R. J. Gayton, 
personal communication), However, regardless of the biosyn- 
thetic origins of the FMRFamide-like material, the present 
Studies establish these peptides as candidates for neuroregula- 
tory and endocrine functions in vertebrates, and so provide 
evidence that invertebrate neuropeptides have vertebrate 
counterparts. 
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Although cellular neurophysiological studies of invertebrates 
have provided some understanding of the cellular basis of 
modifiable behaviour (for reviews, see refs 1-5), little is known 
about biochemical changes in the specific neural pathways 
accompanying alterations in behaviour. The nervous systems 
and sensory structures of invertebrates are especially suitable to 
an analysis of the biochemical mechanisms involved in 
behavioural modification because they typically contain a rela- 
tively small number of neurones, some of which have large, 
identifiable somata, and because associative learning has been 
studied in several invertebrate preparations’ >’. Studies with the 
nudibranch mollusc Hermissenda crassicornis have demon- 
strated a short-term non-associative change in phototactic 
behaviour after training with light and rotation’'. More 
recently*', an example of associative learning in Hermissenda 
was produced by the temporal association of light and a 
presumed aversive stimulus. This associative learning is 
accompanied by neurophysiological changes in the B-type 
photoreceptors’. We now report that there is also a change in the 
level of incorporation of *“P in a 20,000-molecular weight 
(MW) phosphoprotein; as the eye of Hermissenda consists of 
only five photoreceptors, a lens and a few pigment and epithelial 
cells, a biochemical change specific to associative learning has 
thus been localized to a few cells within a nervous system. 
Hermissenda were trained by the following conditioning 
procedure’. First, the times taken (latency) by individual ani- 
mals to enter an illuminated area were measured to establish 
individual baselines, and the animals were then trained in an 
automated apparatus’ by a protocol involving stimulation of 
the eyes and of the gravity-detecting statocysts by light and 
rotation respectively. Trained animals received simultaneous 
light and rotation (paired); control animals were presented with 
light and rotation on independent random schedules (random 
control) or unpaired light and rotation (explicitly unpaired). All 
groups received the same number of light and rotation trials. 
One trial consisted of the presentation of light and/or rotation 
for 30s with an intertrial interval of 1-3 min. The animals 
received 50 trials per day for 3 days, after which the latency of 
each animal to enter an illuminated area was measured and 
compared with its pre-training value. Latencies were greater for 
animals trained with paired light and rotation than for those in 
random or unpaired control groups’. After testing, the circum- 
oesophageal nervous system, consisting of eyes, statocysts and 
ganglia, was dissected from each animal and incubated 
separately in artificial seawater containing glucose and Pp. for 
2 h at 15 °C (see Fig. 1 legend). Incorporation of phosphate into 
protein is linear with respect to time for 1-4h (ref. 15 and 
J.T.N., unpublished observations). After rinsing the nervous 
systems in an ice-cold isotonic solution, the eyes and a small 
amount of surrounding connective tissue were dissected on a 
cold plate and lysed. Aliquots of eye samples from individual 
animals were then analysed for (1) total phosphoproteins by 
trichloroacetic acid precipitation and (2) specific phospho- 
protein bands by SDS-polyacrylamide gel electrophoresis’ and 
autoradiography’. 
DOO OO Á= 
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Fig. 1 SDS electrophoresis gels comparing endogenous protein phos- 
phorylation in eyes of Hermissenda presented with paired or random light 
and rotation. Hermissenda from Monterey, California, were fed daily and 
maintained in 6.5-h light per day for 3 days before testing and training. After 
3 days of training with paired or random light and rotation as previously 
described", the circumoesophageal nervous system was dissected from each 
animal, transferred to a vial containing 200 yl of artificial seawater (460 mM 
NaCl, 10mM KCl, 50mM MgCl, 11 mM CaCl, and 50 mM Tris-HCI 
pH 7.6), and incubated at 15°C for 30 min, Each nervous system was then 
transferred to a vial containing 200 ul of oxygenated artificial seawater, 
11 mM glucose and 0.125 mCi *’P, (carrier free, NEN), incubated in a 
covered rack for 2 hat 15 °C and quickly rinsed four times in 1-mÌ portions of 
an isotonic, ice-cold rinse solution (460 mM NaCl, 10 mM KCI, 5mM 
EDTA and 100 mM Tris-HCl pH 7.6). Eyes were dissected on a cooling 
plate, lysed in a modified lysis solution? containing 9.3 M urea, 0.5% SDS, 
5% B-mercaptoethanol, 2 mM phenylmethylsulphony! fluoride and 5mM 
EDTA (10 yl per eye), and stored frozen at —70 °C. Aliquots of eye samples 
from individual animals were analysed by SDS-polyacrylamide gel electro- 
phoresis'® in 0.75-mm slab gels (4.7% stacking gel, 11% running gel). 
Gels were strained and fixed in 0.1% Coomassie blue, 50% trichloroacetic 
acid for 30 min, destained overnight in 7% acetic acid and dried. Molecular 
weights were estimated by comparison with mobilities of standard proteins 
of known molecular weight (myosin, 8-galactosidase, phosphorylase b, 
bovine serum albumin, ovalbumin, carbonic anhydrase, soybean trypsin 
inhibitor and cytochrome c). Autoradiography was conducted with Kodak 
X-Omat R film, flashed to 0.15 optical density and a Cronex Lightning Plus 
intensifying screen (Dupont)'’. Exposure times were chosen to obtain a 
linear relationship between radioactivity and grain density for each band: 
overnight exposure (16-20 h) to visualize the major phosphoproteins, 2-3- 
day exposure for minor phosphoprotein bands. The protein nature of the 
radioactive bands was indicated by their susceptibility to degradation by 
pronase and by their resistance to ribonuclease A treatment and chloro- 
form—methanol extraction (ref. 15 and J.T.N., unpublished observations). 
Each lane represents an eye sample from one animal. The autoradiograms 
shown here were exposed for 3 days. As indicated by Table 1, the extensively 
labelled phosphoprotein bands from eyes of animals receiving paired light 
and rotation were not significantly different from those presented with 
random stimuli (autoradiograms of overnight exposures not shown). 


In the past year, four independent replicates of the paired 
paradigm (total n = 16), three independent replicates of the 
random paradigm (total n = 12) and one unpaired group (n = 5) 
have been examined. Animals which received no training 
(untreated) but were maintained on the same light cycle, feeding 
schedule and temperature as experimental and control animals 
were studied in parallel. No significant differences were found in 
the overall level of phosphate incorporated into total protein in 
the eyes of animals in the four groups. 

Phosphoprotein bands of eye samples from individual animals 
of all groups were visualized by autoradiography of SDS-elec- 
trophoresis gels. An increase was observed in the level of 
3P incorporation in a 20,000-MW phosphoprotein band in the 
eyes from animals presented with paired light and rotation (Figs 
1, 2). An analysis of variance revealed an overall significant 
difference (F23.=6.49; P<0.01) among the groups in the 
20,000-MW phosphoprotein band (Table 1). Planned 
comparisons (two-tailed t'-tests) revealed that the paired group 
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was significantly different (P<0.01) from the random and 
unpaired control groups while the two controls were not 
different from each other. The amount of incorporation in the 
20,000-MW phosphoprotein band from eyes of animals receiv- 
ing paired stimuli was about twice that in eyes from untreated 
animals and 80% more than in eyes from animals receiving 
random or unpaired stimuli. The 20,000-MW phosphoprotein 
band constitutes ~1% of the total phosphoproteins in the eyes 
of untreated animals, | 

No significant differences were observed in 10 other phos- 
phoprotein bands which were detectable in eyes from all groups 
studied (Table. 1). In some cases (n = 5), a second minor phos- 
phoprotein band (25,000 MW) was observed in eyes from 
animals receiving paired stimuli; although this band has not 
been consistently present, we have never observed significant 
levels of itin eyes from random, unpaired, or untreated animals. 

Compared withthe eyes of vertebrates, the eye of 
Hermissenda isa relatively simple structure, containing five 
photoreceptors,..a. lens, pigment and epithelial cells'*'°. 
Photoreceptors. send axons through the optic ganglia into the 
cerebropleural ganglia. The synaptic interactions of the pho- 
toreceptors with themselves and with other neurones in the 
visual and statocyst pathways have been examined in detail! ??, 
In trained animals, the light responses of type-B photoreceptors 
include a light-evoked tonic depolarization, increases in the 
spontaneous spike frequency and increases in the input resis- 
tance’’, A long-lasting depolarizing response of type-B photo- 
receptors following stimulation of isolated nervous systems by 


Absorbance 





MW (x 10> 3) 


Fig. 2 Densitometric scans of the 25,000-20,000-MW region of 
autoradiograms of eye samples obtained from animals receiving paired or 
random light and rotation. Autoradiograms were prepared as described in 
Fig. 1 legend. A 2-3-day exposure yields a linear relationship between 
radioactivity and grain density for phosphoprotein bands representing 
=10% of the total phosphoproteins. Autoradiograms were scanned with a 
Zenieh soft-laser densitometer. Absorbance is in arbitrary units. The densi- 
tometric scans are from the following samples in Fig. 1: ——, paired: lane 4; 
mm , random: lane 1. 
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Table 1 Effect of paired, random and unpaired stimulation on specific phos- 
phoprotein bands in Hermissenda eyes 
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Ratio of experimental untreated (mean tae) 


Phosphoprotein 

band Paired Random Unpaired 
(MW) (n = 16) (n= 12} in =) 
72,000 0.83 + 0.08 1.05 +0.23 1.30 0.38 
55,000 1,02 + 0.04 1.04 + 0.09 0.884 0.07 
44,000 0.88 +0.12 1.3540.10 10440.44 
42,000 1.27+0,14 1.18+£0.08 L.O8+40.13 
38,000 1.11 +0.07 0.872010 1.2320.14 
34,000 1.55+0.21 1.224020 1.5640,32 
31,000 1.12+0.14 1230.18 0,91 +0.16 
29,000 0.89+0.11 1.2420.17 L1S£0.41 © 
24,000 1.12+40.17 0.964 6.15 Lipe ig 
22,000 1.04+0.10 Lié+0.14 0.7640.07 
20,000 *2,16 +0.28 1.1240.10 1.184014 





SDS gel electrophoresis and autoradiography of eye samples from. individual 
Hermissenda were conducted as described in Fig. 1 legend. The autoradiograms 


were scanned with a Zeineh soft-laser densitometer and the phosphoprotein bands. - 


quantified by measuring peak heights above background by a procedure similar to 
those described elsewhere? t, The validity of the procedure for the conditions of 
autoradiography used here was confirmed by comparing the data with that 
obtained by measuring radioactivity in 2-mm sections of sample lanes by liquid 
scintillation counting (r= 0.949). The data obtained by the peak height method 
also compared favourably with that obtained by measuring the area under clearly 
separated peaks (r = 0.944). The peak height method was routinely used because it 
allowed estimation of phosphoproteins not corapletely separated by electro- 
phoresis. Relative levels of phosphoproteins were based on total phosphate 
incorporated into 11 bands detected in eyes from ali four groups of animals. Eye 
samples from untreated animals and the experimental group were analysed on the 
same gel. Ratios of experimental to untreated were determined for each band from 
eye samples of individual animals. The data summarize four replications of the 
paired group (total n = 16), three replications of the random group (total n = 12) 
and one group receiving unpaired stimuli {n = 5). 
i Fy 30 = 6.49: P<0.01, 


light paired with rotation has been attributed to light-induced 
changes in voltage-dependent Ca** anc K* conductances’. The 
input resistance and the long-lasting depolarization can be 
enhanced by intracellular injection of the catalytic subunit of 
protein kinase into the photoreceptors*’. It seems reasonable to 
suggest that the change in the level of the 20,000-MW phos- 
phoprotein band in the eyes of trained animals is related to the 
known changes in the electrophysiological properties of type-B 
photoreceptors, but the unlikely possibility that the change is 
located elsewhere in the eye cannot be excluded. 

Among the many possible biochemical processes that may be 
involved in behavioural modification, post-translational protein 
modification offers several attractive features. The enzyme- 
catalysed modifications can occur rapidly, would be likely to 
exhibit a high degree of specificity, are reversible and have the 
potential for amplifying an extracellular stimulus. Protein 
phosphorylation—dephosphorylation, as catalysed by protein 
kinases and phosphatases respectively”’**, is probably the most 
extensively studied post-translational protein modification in 
the nervous system (for review see ref. 25). Greengard”® has 
discussed the possible roles of phosphorylated proteins in 
neuronal functions and has speculated that protein phos- 
phorylation—dephosphorylation may be one of the biochemical! 
mechanisms by which short-term and long-term information 
storage and retrieval are regulated. It has also been shown that 
changes in brain phosphoprotein bands follow electrical stimu- 
lation of nerve pathways in hippocampal slices known to 
produce long-term changes in synaptic activity", and tran- 
sient changes in the phosphorylation of cortical membrane 
proteins have been reported after electroconvulsive shock”’, 
For marine invertebrates, neuronal protein kinases have been 
reported in Aplysia? >, Loligo** and Hermissenda'*. Electrical 
stimulation*’,**, cyclic nucleotides and their analogues*”** and 
neurotransmitters*’’” have been shown to alter levels of 
neuronal phosphoproteins and protein kinase. Serotonin and 
cyclic AMP can mimic the presynaptic facilitation of post- 
synaptic potentials in Aplysia motor neurones which underlie 
sensitization of the gill-withdrawal refiex*®, and can stimulate 


Sanaa EEE ERnRRRERnnnenennenenmemmeeneeeee reer UUO 


660 


Nature Vol. 293 22 October 1981 


en ae nttteTttennitaananttttta ttn nentntitntittlt ttt cet 


phosphorylation of a membrane phosphoprotein band in 
abdominal ganglia’, suggesting a role for protein phos- 
phorylation in short-term sensitization. 

Protein phosphorylation is clearly involved in associative 
learning in Hermissenda. The change in the 20,000-MW phos- 
phoprotein band is highly specific because (1) 10 other phos- 
phoprotein bands in the same sensory structure were not 
affected; and (2) the alteration was observed in eyes from 
animals presented with paired, but not random, stimuli. Several 
possible mechanisms could explain the change. The pairing of 
stimuli could activate or induce a protein kinase which catalyses 
the phosphorylation of the 20,000-MW protein. Alternatively, a 
phosphatase may be activated or induced during acquisition, 
resulting in the removal of phosphate group(s) from the 20,000- 
MW protein, which would then be phosphorylated by protein 
kinase. Another possibility is that acquisition could increase the 
rate of synthesis of a 20,000-MW acceptor protein. Although 
none of these possibilities can yet be excluded, the activation of 
protein kinase may be involved in the increase in the 20,000- 
MW phosphoprotein band because injection of the catalytic 
subunit of protein kinase into type-B photoreceptors of 
untreated animals mimics the effects of associative learning on 
the electrophysiological properties of these photoreceptors”. 

It will be of interest to examine vertebrate models of asso- 
ciative learning to determine whether protein phosphorylation 
is related to learning in animals with more complex nervous 
systems. 

We thank J. Avruch for discussions concerning protein phos- 
phorylation techniques, W. J. Adelman Jr for comments on the 
manuscript and J. Kuzirian for secretarial assistance. 
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In cell membranes, two different methyltransferases catalyse the 
conversion of phosphatidylethanolamine (PE) into phos- 
phatidylcholine (PC) using S-adenosylmethionine as methyl 
donor. This methylating process may affect various membrane 
functions. Thus, in erythrocytes, the accumulation of phos- 
phatidyl-N-monomethylethanolamine, the product of the first 
methylation step of PE, increases membrane fluidity’ and Ca- 
ATPase activity’. In addition, methylation of PE in various cell 
types is increased when different agonists interact with their 
receptors leading to changes in calcium flux’ and in adenylate 
cyclase and phospholipase A, activities**. However, the exist- 
ence of a causal relationship between methylation of phos- 
pholipids and cell stimulation is questionable and here we 
present evidence against such a relationship in the case of the 
platelets stimulated to aggregate. 

The role of phospholipid methylation was investigated using 
an inhibitor of methylation, 3-deazaadenosine (Cado), and 
L-homocysteine thiolactone (L-HCys), which potentiates the 
inhibiting effects of C;ado*. C;ado and L-HCys (used at 0.1 and 
0.5 mM respectively unless otherwise stated) are substrates for 
S-adenosylhomocysteine hydrolase which yields 3- 
deazaadenosylhomocysteine, a potent inhibitor of various 
methyltransferases®”’. Blood from male Wistar rats (~400g) 
was collected from the cannulated carotid artery into plastic 
tubes containing heparin (10 U per ml blood). Platelet-rich 
plasma (PRP) was obtained by centrifugation of blood at 200g 
for 10 min and the concentration of platelets was adjusted to 
5x 10% ml”! with platelet-poor plasma. The incorporation of 
3H-methy! into the platelet phospholipids was measured as 
described in Fig. 1 legend. In some experiments, the phos- 
pholipids were fractioned on silica gel TLC plates (Merck 60 
F254) using chloroform/propionic acid/propanol/water 
(1:2:2:1 by vol) as solvent. Seventy-five per cent of the total 
radioactivity was found in the phospholipids which co-chroma- 
tographed with pure phosphatidylmonomethylethanolamine, 
phosphatidyldimethylethanolamine and PC. The incorporation 
of 7H-methyl into phospholipids was linear with time for at least 
6 h. When the incorporation was performed at 22 °C, methyl- 
ation was completely suppressed by C3ado alone or Cado plus 
L-HCys and almost totally suppressed by L-HCys alone (Fig. 1). 
In two experiments at 37 °C, L-HCys failed to prevent methyl- 
ation of the phospholipids whereas C3ado blocked as much as at 
22 OF 

Platelet aggregation by collagen (5 ug ml ') was reproducible 
for at least 4h in control PRP. In contrast, when C,ado and 
L-HCys were incubated together at 22 °C with PRP, aggregation 
decreased rapidly during the first 2 h of incubation, platelets 
becoming refractory to 5 pg ml“ collagen (Fig. 2). Neither 
C,ado nor L-HCys used alone interfered with platelet aggre- 
gation. Inhibition was overcome when 25 ug ml~' of collagen 
were used. The release of ATP, measured as described in Fig. 3 
legend, was reduced in parallel with aggregation. When 
threshold concentrations of ADP (0.4 M) or of convulxin 
(0.10 jg mi~’), a highly purified glycoprotein extracted from the 
venom of Crotalus durissus cascavella with specific aggregating 
ability'”'', were used as agonists on platelets incubated for 4h 
with C,ado and L-HCys, marked differences were observed: the 
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aggregation and release triggered by convulxin were suppressed 
whereas ADP-induced aggregation was only marginally affected 
(Fig. 3). 

Because L-HCys interfered with phospholipid methylation at 
22°C, but not at 37°C, aggregations were also studied after 
incubation of the platelets with the inhibitors at 37°C. At this 
temperature C,ado associated with L-HCys did not inhibit 
aggregation induced by collagen (5 ug ml '). This may be due to 
more rapid degradation of L-HCys at 37°C than at 22°C, 
L-HCys being rapidly catabolized within the cell’? whereas 
C,ado is reported not to be deaminated’. 

To investigate further the anti-aggregating effect of inhibitors 
of methylation, Cado was used at 1 mM concentration. When 
L-HCys (0.5 mM) and C,ado (1 mM) were added together to 
PRP at 22°C, the effects of collagen and convulxin were 
suppressed even with the higher concentrations used, whereas 
the effects of only the lowest concentrations of ADP used were 
partially inhibited. Finally, aggregation by the calcium iono- 
phore A23187 (ref. 13) was unaffected, demonstrating that 
direct entry of Ca** bypasses the suppressive effects of the 
combined inhibitors (Fig. 3). 


3H-methyl incorporation into phospholipids ( dp.m.x10°4) 
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Fig. 1 Interference of 3-deazaadenosine and -homocysteine with 
methylation of platelet phospholipids. Rat PRP (5 x 10° platelets m!~') was 
incubated at 22 °C with 160 wCi ml’ of [Me-?H] Lmethionine (2 uM, 80 Ci 
mmol~', NEN) for 110 min and then divided into four aliquots (black arrow) 
which were incubated for 4 more hours with: ©, 0.5 mM L-HCys (Sigma); A, 
0.1 mM C,ado (Southern Research Institute); @, 0.1 mM C,ado+0.5 mM 
L-HCys; or O, the same volume of saline. At each indicated interval, 
duplicate 350-41 samples were collected and the reaction stopped by addi- 
tion of 2 ml of ice-cold buffer (15 mM Tris-HCl, 134 mM NaCl, 10 mM 
EDTA, 10 mM L-methionine, pH 7.4). The platelets were separated from 
plasma by centrifugation and washed once with the same buffer. After 
addition of trichloroacetic acid (10%, 2 ml), the pellet was centrifuged 
(30,000g, 10min) and the phospholipids extracted with 3m! chloro- 
form/methanol (2:1, v/v) and then washed twice with 2 ml of a 50% 
methanol/(0.1 M KCI solution. The methylation of the phospholipids was 
measured after drying 1 ml of the chloroform phase and adding the scin- 
tillation mixture. The data shown are typical of three separate experiments. 


To examine the possible involvement of the adenylate cyclase 
system with the activity of Cado and L-HCys*, the effect of 
prostaglandin (PG) E, (Sigma) was studied. When a pro- 
aggregatory dose of PGE; (1 uM) was added to rat PRP 1 min 
' before a submaximal amount of ADP or of collagen, aggre- 
gation of control platelets and of those incubated for 4h with 
Cado and L-HCys (1 and 0.5 mM respectively) was potentiated 
to a similar extent (~60% ). As PGE; potentiates aggregation by 
reducing the platelet adenylate cyclase activity'*, we conclude 
that the latter is unaffected by the combined activity of Cado 
and L-HCys. 

Our results demonstrate that methylation of PE to give PC 
occurs in platelets as previously reported'*''® and is suppressed 
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Fig. 2 Time-dependent inhibition by 3-deazaadenosine and by L-homo- 
cysteine of collagen-induced aggregation. Rat PRP was obtained as 
described in the text and incubated at 22°C with 0.5mM L-HCys (©); 
0.1 mM C,ado (A); 0.1 mM C,ado+0.5 mM L-HCys (@); or saline (O). At 
each indicated time (5, 60, 120, 180, 240 min) 0.4-ml samples were with- 
drawn. Aggregations induced by collagen (5 ug m`’) were studied at 37 °C 
under constant stirring at 1,100 r.p.m. Each point is the mean +s.e.m. (n = 5) 
of the maximum aggregation, expressed as per cent of light transmission. 


by known inhibitors of this pathway. Aggregation and release of 
ATP due to collagen and to the novel aggregating agent con- 
vulxin were also inhibited by the association of C,ado and 
L-HCys, in conditions where the platelet aggregating 
mechanisms were preserved, as shown by the maintained 
responsiveness to ADP and to the ionophore A23187. Never- 
theless, a marked dissociation was noted between the inhibition 
of phospholipid methylation and that of platelet activation: the 
former showed a rapid onset whereas the latter occurred after 
~2 h of incubation. On the other hand, C,ado (0.1 mM) by itself 
rapidly blocked methyl transfer into phospholipids while it did 
not alter platelet aggregation over a 4-h incubation period. 
Hence the inhibition of phospholipid methylation does not seem 
to be directly responsible for the platelet suppressive effects of 
C,ado and L-HCys. Furthermore, we failed to demonstrate an 
increase of the methyl incorporation into phospholipids when 
platelets were stimulated with 25ygml!' of collagen, 
measurements being performed within 0.5, 1, 2, 10 and 30 min. 
We conclude that platelet activation does not require increased 
biosynthesis of PC from PE during agonist-receptor interaction. 

A potential target for the methylation inhibitors might be a 
protein needed for platelet aggregation. In other cells, protein 
carboxymethylation has proved crucial in chemotaxis'’ and 
neurosecretion'*. Whatever the explanation for the inhibition of 
platelet function, blockade by C,ado, associated with L-HCys, 
of collagen- and convulxin-induced aggregation and the very 
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Fig. 3 Differential inhibition by 3-deazaadenosine and 1 -homocysteine of 
platelet activation induced by collagen, convulxin, ADP and A23187. Rat 
PRP was incubated for 4 h at 22°C with 0.1 mM C,ado+0.5 mM L-HCys 
(©), 1 mM Cado + 0.5 mM L-HCys (W), or saline (C) before challenge with 
collagen (Horn Hormon Chemie), convulxin, ADP (Sigma) or A23187 
(Boehringer-Mannheim). Results are mean +s.e.m. (4-8 experiments) of the 
maximum of aggregation as measured as per cent of light transmission. The 
Statistical significance of the differences between control and treated 
platelets was evaluated by the paired Student's t-test: +P < 0.05, «*P<0.01. 
Release of ATP (O) was measured in 20-yl samples collected 1 min after the 
addition of the aggregating agents with the luciferin—luciferase technique’”. 





662 


Nature Vol. 293 22 October 1981 





weak effect against ADP distinguishes two families of platelet- 
stimulating agent. It is interesting that convulxin and collagen 
are potent activators of rat platelet phospholipase A2, as 
measured by thromboxane B, production, whereas ADP is 
almost inactive (in preparation). This suggests that methylation 
inhibitors act at a site closely related to the membrane 
modification which lead to phospholipase A, activation. 
This work was supported by a grant from Sanofi (France). 


Note added in proof: Some of these results have been confirmed 
recently by Hotchkiss et al."”. 
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Inhibitors of the biosynthesis of peptidoglycan, the rigid layer of 
the bacterial cell wall which is responsible for the shape of the 
cell, are among the most effective antibacterial agents known. 
Both Gram-positive and Gram-negative organisms are suscep- 
tible to the action of such compounds. As lipopolysaccharide 
(LPS) is an integral part of the outer membrane of Gram- 
negative bacteria, it is possible that a blockage of its biosynthesis 
might result in the arrest of cellular growth and eventually cell 
death, analogous to the effects seen with inhibitors of peptido- 
glycan biosynthesis. However, no antibacterial agent has been 
described which inhibits growth in this way. We present 
here experimental evidence which indicates that 1,2-dihy- 
dro-1-hydroxy-6-methyl-2-(propanesulphony}) -thieno (3,2-D) 
(1,2,3)-diazaborine (code no. 84474), a heterocyclic, boron- 
containing substance, prevents bacterial proliferation by inhibi- 
ting LPS biosynthesis. There was a reduction in galactose 
incorporation into the LPS of whole cells, and no newly formed 
LPS chains appeared in whole bacteria in the presence of the 
compound, as demonstrated by electron microscopy. The 2- 
keto-3-deoxy-octonate metabolism seems to be the target of 
84474 as arabinose 5-phosphate incorporation into macro- 
molecular material was affected. 
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Diazaborines are synthetic compounds, having one boron and 
two nitrogen atoms in a six-membered ring”. Most show 
moderate to good antibacterial activity. Analysis of the antibac- 
terial spectrum of diazaborines synthesized in our laboratories 
showed that only Gram-negative organisms were affected, 
suggesting that these antibacterials might interfere with the 
biosynthesis of a specific component of such bacteria. To 
investigate this we used 84474 (see formula below) as a model 
compound, assuming that inhibition of LPS biosynthesis by this 
substance is a general property of diazaborines. 


TIN S0:CH:CH;CH; 
CH3 zN 


The compound was tested using Escherichia coli K-12 and 
Salmonella typhimurium mutants. The MIC (minimum inhibi- 
tory concentration) values, determined by the tube dilution 
method, were 1.25 and 2.5 pg ml’ for E. coli and Salmonella, 
respectively. E. coli K-12 has a rough colony morphology, that 
is, it produces LPS molecules that lack the O-antigenic side 
chains. The LPS molecule contains one galactose residue ina 1,6 
branch of the core oligosaccharide chain*”. As LPS is the only 
macromolecular structure in these bacteria that contains galac- 
tose, we used the incorporation of galactose into whole E. coli 
cells as an index of LPS biosynthesis. A galactose-epimerase- 
negative mutant of E. coli K-12, PL2, was chosen for this 
experiment to avoid the spread of the radioactive label, intro- 
duced via galactose, into the general carbon metabolism of the 
bacteria. 

As shown in Fig. 1, the incorporation of galactose into 
macromolecular material was significantly inhibited by very low 
concentrations of the diazaborine. Other antibacterials with 
different modes of action, such as chloramphenicol, epicillin, 
mecillinam and bicyclomycin, showed no such effects (Table 1). 
Interestingly, all 8-lactam antibiotics tested enhanced galactose 
incorporation; the reason for this is unknown. However, trans- 
port of galactose into bacterial cells was not inhibited by the 
diazaborine. This was shown by centrifuging the bacteria, after 
incubation with *H-galactose, through a layer of silicone oil and 
by measuring the radioactivity in the cell pellet®. Both with and 
without diazaborine, the bacterial cells accumulated similar 
amounts of galactose (data not shown). The step which is 
sensitive to the inhibitor must therefore be the incorporation of 
labelled galactose into macromolecular material. The 
incorporation of galactose into LPS was demonstrated by 
phenol extraction of ŒE. coli cells after incubation in 
radiolabelled galactose-containing medium by the method of 
Westphal and Jann’, and subsequent SDS-polyacrylamide gel 
electrophoresis of the aqueous phase. About 75% of the 
radioactivity migrated on the gel with the mobility of a purified, 
marker LPS. Some radioactivity was associated with an uni- 
dentified, low-molecular weight compound, which migrated 
with the bromophenol marker. 

The inhibition of LPS biosynthesis by diazaborine was also 
demonstrated by electron microscopy. We prepared antibodies 
against S$. typhimurium SF1135, a wild-type strain which 
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Table 1 Incorporation of *H-galactose in E. coli PL2 











Concentration 
(ug mi”) c.p.m,* 
Control (no antibiotic) 73,398 
84474 20 3,304 
Chloramphenicol 20 71,750 
Epicillin 10 126,374 
Mecillinam 20 121,410 
Bicyclomycin 20 91,255 


The basic procedure was as described in Fig. 1 legend except that time 
of incubation with antibiotic was 30 min. 
* Mean of two independent experiments. 
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contains a smooth LPS having complete O-antigenic poly- 
saccharide chains. The binding of these antibodies to the O- 
antigenic chains of the wild-type cells was visualized by labelling 
with ferritin as described elsewhere". No binding occurred if the 
corresponding galactose-epimerase-negative mutant, SF1195, 
was mixed with the ferritin-labelled antibodies. This was expec- 
ted, as the Salmonella strain used had been grown in the absence 
of galactose and was therefore unable to incorporate this sugar 
into the core oligosaccharide of LPS; thus it produced an 
incomplete, ‘rough’ LPS molecule. Mihlradt er al." showed that 
addition of galactose to the growth medium of these mutants 
leads, within minutes, to the appearance of the complete, 
‘smooth’ LPS on the cell surface and it can be detected by 
binding of the ferritin-labelled antibodies. By this method, we 
were able to determine the kinetics of LPS biosynthesis and 
monitor its appearance on the outer cell wall of the bacteria. The 
synthesis of complete LPS molecules was strongly inhibited 
when Salmonella galE cells were treated with diazaborine fora 
short time before the addition of galactose to the medium. The 
electron microscopic images of control and 84474-treated 
Salmonella cells, visualized by binding of the ferritin-labelled 
antibodies, are shown in Fig. 2. A distinct reduction in the 
number of newly formed ‘smooth’ LPS chains was detected 
when the dose of inhibitor was >10 ugml™'. None of the 
standard antibiotics investigated in this system (chloramphen- 
icol, cephaloridine, epicillin and bicyclomycin), each applied 
at 50 ug ml’, gave any detectable alteration in the amount of 
antibody bound per cell. A modification (N. v. Jeney, personal 
communication) of the ELISA method’ gave quantitative 
results that corroborated the electron microscopic observations. 
With this test, inhibition could be observed at concentrations of 
diazaborine as low as 2 ug ml (data not shown). 

The O-antigenic polysaccharide portion, which is linked to 
the LPS ‘core’, can be lost due to mutation, without any 
apparent deleterious effect on the cell”, Cells having LPS in 
which the oligosaccharide chain is even less extended as a result 
of a mutation are still viable, the most drastic changes being in 
the ‘Re’ mutants. These produce only a truncated LPS without 
any sugars attached to the 2-keto-3-deoxy-octonic acid (KDO) 
moieties. Some of these ‘deep rough’ mutants show limitations 
in their growth behaviour in certain media‘’. The existence of 
such viable mutants suggests that inhibition by a drug of the 
extension of the polysaccharide part of LPS would not be a lethal 
event. However, the mutationally induced blockage in the 


nN E 
O Ô O 


H-galactose incorporated (c.p.m.) x 107? 


3 


0 50 100 150 
84474 (uM) 


Fig. 1 Incorporation of *H-galactose in E. coli PL2. E. coli PL2 
(galE ), a mutant originally described by Buttin’® (obtained from 
the E. coli Stock Center, New Haven), was grown at 37°C in a 
synthetic M9 medium’’ containing 0.5% glycerol as a carbon 
source for the early logarithmic phase (Asoo = 0.3), at which point 
1 uCiml™>’ *H-galactose (9.3 or 22.3Cimmol™') was added. 
Growth was continued for 10 min and 0.5-ml portions were filtered 
on to Whatman GF/C filter disks. The filters were washed with 
100 ml boiling water, dried and counted after addition of a toluene- 
based scintillation fluid. 





Fig. 2 The bacterial strains used here were obtained from G. 
Schmidt, Max-Planck-Institut fiir Immunologie, FRG. S. typhi- 
murium SF 1195 (galE ) was grown in several flasks under aera- 
tion in M9 medium with glycerol to the late logarithmic phase 
(Asoo = 1). At this point various quantities of 84 474 were added to 
give 2, 10, 50 and 100 ugml`™* final concentrations of the 
diazaborine. One sample contained no inhibitor, After further 
incubation for 5 min galactose was added to a final concentration of 
50 mM. The cultures were incubated for another 5 min then the 
bacteria were collected by centrifugation and washed once with 
saline. After centrifugation the cell pellet was suspended in 200 wl 
of a ferritin-labelled anti-SF1135 IgG solution in 0.89% 
NaCl/30 mM sodium barbital buffer, pH 7.2, and left in an ice bath 
for 1 h. The ferritin-labelled antibody was prepared according to 
Miihlradt et al.”. After incubation, the bacterial cells were pelleted 
by centrifugation, washed with the NaCl-containing barbital 
buffer, resuspended in the same medium and applied to formvar- 
carbon-layered copper grids. a, Salmonelia SF1195 without anti- 
biotic treatment and b, after pretreatment with 50 ug ml | 84 474. 
Scale bars, 200 nm. 


synthesis of KDO, which is incorporated as a trisaccharide into 
the lipopolysaccharide chain, seems to result in non-viable 
variants'’. We therefore tested for interference with KDO 
metabolism or utilization by 84474. Metabolism of KDO was 
monitored by allowing the cells to use radioactive D-arabinose 
5-phosphate, a precursor in the synthesis of KDO which can be 
actively transported into bacterial cells via the hexose mono- 
phosphate transport system'’. This uptake in S. typhimurium 
AG 701 (uhp‘) was efficient and was not disturbed by 10 uM 
diazaborine. This was shown by washing the bacteria with 
physiological saline at room temperature after incubation with 
labelled arabinose 5-phosphate and 84474. Both control and 
drug-treated bacteria retained an equal amount of radioactivity 
at various time intervals (data not shown). However, incorpora- 
tion into material that could not be extracted from the cells by 
hot water treatment, for example, LPS and other macromolecu- 
lar compounds, was strongly inhibited (Fig. 3a). Fifty per cent 
inhibition occurred in the micromolar concentration range of 
the inhibitor. 

KDO is formed from D-arabinose 5-phosphate and phos- 
phoenol pyruvic acid via an 8-phosphorylated intermediate by 
the action of KDO 8-phosphate synthetase, and is subsequently 
dephosphorylated by the enzyme KDO 8-phosphate phos- 
phatase'*"’*. KDO is then ‘activated’ by the CMP-KDO- 
synthetase, with CTP as second substrate, to give CMP-KDO. 
From this intermediate, KDO is linked to the ‘precursor mole- 
cule’ by the membrane-bound CMP-KDO-transferase"*. It is 
expected that inhibition of one of the enzymes involved in KDO 
metabolism by diazaborine would result in an accumulation of 
the substrate of this particular enzyme. We demonstrated this by 
culturing S. typhimurium AG 701 with *H-D-arabinose 5- 
phosphate for several hours to avoid pool effects and by adding 
diazaborine in the last 30 min of the incubation period; there 
was an elevated KDO content. This was shown by treating the 
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Fig. 3 Incorporation of *"H-p-arabinose 5-phosphate. a, S. 
typhimurium AG 701 (from P. Ray, Burroughs Wellcome) was 
grown in 50 ml of M9 medium with glucose. When the bacterial 
growth was in the early log phase, the culture was subdivided into 
3-ml fractions, 0.5 pCi *H-p-arabinose 5-phosphate (42.5 
mCi mmo!™')'* per ml was added, and the incubation continued 
for 15min. The inhibitor was added at various concentrations 
together with D-arabinose 5-phosphate. The samples were filtered 
through nitrocellulose filters and washed repeatedly with 3 ml of 
boiling water. The filters were dried and counted in a toluene- 
based scintillation fluid. b, When the intracellular radioactivity of 
low-molecular weight material was analysed, the time of labelling 
of the cells was different. The bacteria were grown continuously in 
the presence of 4H-p-arabinose 5-phosphate (49 mCi mmol™'), 
then collected on nitrocellulose filters, washed twice with cold 
water and several times with boiling water. The hot water fractions 
were collected separately, evaporated to small volumes under 
reduced pressure, applied to Whatman 3MM paper and separated 
by high-voltage electrophoresis in 0,05 M ammonium formate, pH 
2.9, at 50 Vem": for 60-90 min. Picric acid and authentic KDO 
served as reference compounds. The radioactivity on the paper was 
determined by cutting the paper into 1 cm-wide strips and counting 
the water eluate in a scintillation spectrometer. The reference 
KDO was detected by heating the paper to 140°C for 2 min—this 
produces a brightly fluorescing spot at the position of KDO in UV 
light (F. M. Unger, personal communication), The prominent 
radioactive peaks show the same mobility as authentic KDO. A, 
Control, no additions; W, 2 wg ml”! 84474; @, 10 pg ml’ 84474. 


bacteria with hot water and then analysing the filtrates by paper 
electrophoresis (Fig. 3b). The accumulation of KDO can be 
explained either by an inhibition of CMP-KDO-synthetase or 
by an accumulation of CMP-KDO, the last of the substrates 
located in the cytoplasm. Extraction of the highly unstable 
CMP-KDO"™ would invariably lead to the generation of KDO. 
When tested in our institute, there was no observed effect of the 
diazaborine on the activity of partially purified CMP-KDO 
synthetase (F. M. Unger and H. Grasmuk, personal com- 
munication). Thus, it is reasonable to assume that 84474 inter- 
feres with the correct transfer of CMP-KDO to the lipid A- 
precursor molecule. The conclusion that 84 474 affects KDO 
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metabolism is consistent with the observed intrinsic resistance of 
Bacteroides species to diazaborines; the LPS of Bacteroides 
fragilis is thought to lack KDO”. 

We thank W. Brunowsky, V. Mongold and E. Foglar for 
technical assistance and Dr P. Ray for a gift of labelled arabinose 
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The binding of myosin heads to actin in rigor striated muscle is 
affected by steric constraints imposed by the structure of the 
filament lattice and the mismatch of the helical periodicities of 
the thick and thin filaments’. In rabbit fibres, despite these 
steric constraints, at least 95% of the myosin heads are attached 
te actin?™”. It has been suggested'’* that not all the myosin 
heads in insect flight muscle may be able to bind to the thin 
filament in rigor conditions. Here we compare the fraction of 
heads bound in the rigor state in the flight muscle from the 
blowfly (Sarcophaga bullata) and in striated muscle from the 
frogs Rana pipiens and Rana temporaria, using a tryptic diges- 
tion technique*”*. We find that whereas at least 95% of the 
heads are bound tightly in the frog muscle, only 70% of the 
heads are bound in rigor Sarcophaga muscle. 

The SDS gel patterns of tryptic digests of frog myofibrils (Fig. 
1) showed the same general features as those of the correspond- 
ing digests of rabbit fibrils*. In the absence of pyrophosphate, 
myosin heavy chain was digested primarily to species of mole- 
cular weights 200,000 (200 K) and 26K. Digestion in the 
presence of MgPP, produced species of 160 K, 51 K and 26K, 
with transient species of 200 K and 74 K. It has been shown 
previously* that these patterns result from tryptic digestion at 
two sites, 26 K and 74K from the N-terminus of the myosin 
heavy chain, the 74 K site being protected when the head is 
bound to actin. The intensities of the 160 K and 51 K species 
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were both sensitive to the presence of MgPP,. By monitoring the 
quantity of the 51 K species by the procedure described in Fig. 1 
legend, we found that at least 95% heads were attached in fully 
overlapped rigor frog myofibrils. We observed very little tryptic 
cleavage in the rod portion of the frog myosin heavy chain in the 
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Fig. 1 A, SDS gels showing the time course of tryptic digestion of frog 
myofibrils. a, Rigor; b, relaxed (+2 mM MgPP,). Myofibrils (2.0 mg m!~') 
were digested with trypsin (0.01 mg ml`*) in buffer consisting of 20 mM 
imidazole-HCl, 0.1 M KCI, 4 mM MgCl,, 1 mM CaCl,, 1 mM EDTA, 1 mM 
dithiothreitol, pH 7.0 at 5°C. Digestion was terminated by addition of 
trypsin inhibitor to 0.05 mg ml™' at the specified time. Myofibrils were 
prepared as described elsewhere*. Per cent overlap of heads with thin 
filaments was estimated to be 95. SDS polyacrylamide gel electrophoresis 
was carried out according to Weber and Osborn'?. Gels contained 5% 
acrylamide—0.13% bis(acrylamide). MyHC, myosin heavy chain. B, time 
course of production of 51 K species. @, Rigor; O, relaxed (+2 mM MgPP,). 
SDS gels, stained with Coomassie brilliant blue G250, were densitometered 
at 520nm on a Beckman Model DU monochromator equipped with a 
Gilford linear transport system and photomultiplier. The intensity of the 
51 K species at each time point was estimated relative to the intensity of the 
actin band. Beer's law was obeyed by both actin and the 51 K species up to 
the sample loadings applied to these gels. The per cent heads attached to thin 
filaments in rigor fibrils was calculated from 100[1- 
Ts,x(rigor)/Is,x(MgPP,)] where /,,,(rigor) and /,,~(MgPP,) are the intensi- 
ties of the 51 K species after 6-8 h of tryptic digestion in rigor conditions and 
in the presence of 2 mM MgPP. respectively. 


conditions described in Fig. 1 legend. Thus papain digestion of 
myofibrils previously digested with trypsin for 8h produced 
85-90% of the rod formed from contro! fibrils. This result was 
not influenced by the presence of MgPP, during tryptic pro- 
teolysis. 

Tryptic digestion of insect flight muscle fibrils also produced 
species of 200 K, 160 K and 74 K (Fig. 2), indicating that the 
trypsin cleavage sites 26K and 74K from the N-termini of 
vertebrate myosins are also present in insect myosin. After 
longer digestion times, small amounts of rod were produced. 
The presence of a 160K species in digested rigor myofibrils 
indicates that not all heads are tightly bound to actin. The 
intensity of the 51 K species was not suitable for purposes of 
quantification because undigested insect fibrils already had a 
substantial quantity of 51 K— M, material. Gels of undigested 
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Fig.2 A, SDS gels showing the time course of tryptic digestion of myofibrils 
from insect flight muscle. a, Rigor; b relaxed +2 mM MgPP,). Myofibrils 
(0.5 mg mi~’) were digested with trypsin (0.005 mg ml‘) at 5°C in the 
buffer described in Fig. 1 legend. Digestion was quenched by the addition of 
trypsin inhibitor to 0.05 mg m!~'. Phosphorylase a (0.1 vol at 1 mg ml ') was 
added to the digests before denaturation with SDS. Myofibrils were pre- 
pared by the method of Reedy et a/."°. It has been shown in the electron 
microscope’ that the myosin heads are fully overlapped by thin filaments in 
fibrils from flight muscle of S. bullata. MyHC, myosin heavy chain. B, time 
course of production of 160K species. @, Rigor; ©, relaxed (+2 mM 
MgPP,). The intensity of the 160 K species (/,,,,,) at each time was estimated 
relative to the intensity of the corresponding phosphorylase a band and 
corrected for the small amount of material present before digestion. The per 
cent heads attached to thin filaments in rigor conditions was calculated from 
100[1 — Zisox(rigor)/ J sox(MgPP,)] obtained after complete digestion of 
myosin heavy chain (4-190 h). 
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insect fibrils showed very little material migrating in the 160 K 
region and we therefore monitored formation of this species. 
Figure 2B shows the influence of MgPP, on the production of the 
160 K species and indicates that, in contrast to the vertebrate 
myofibrils, only 70% of the heads are attached tightly in rigor 
conditions. Three other digestion experiments yielded values of 
66, 69 and 72 for the per cent heads tightly attached to actin. 

Papain digestion of insect myofibrils previously treated with 
trypsin produced rod and S-1 (Fig. 3). Intact myosin heavy chain 
is present in these gels because purified myosin was added to the 
fibrils after papain digestion as a standard for densitometry of 
the gels. The results indicate that there was insignificant clipping 
within the rod by trypsin and therefore none of the 160 K species 
was produced by clipping in the myosin tails. The following 
experiment eliminates the possibility that 30% of the heads in 
the preparation of insect fibrils were denatured and therefore 
unable to bind to thin filaments. Native insect fibrils were 
digested with papain to give rod and S-1 and the total digest 
mixed with an equal volume of undigested insect fibrils to ensure 
that there was no shortage of actin. After centrifugation 
(100,000g, 2 h), SDS gels showed that >95% of the S-1 was in 
the pellet. If MgPP,; (5 mM) was included in the mixture, then 
only 5% of the S-1 was pelleted. Disorder of the filament lattice 
during preparation of the fibrils cannot account for the large 
fraction of unattached heads because there was no evidence of 
swelling, fraying or supercontraction of the fibrils under the 
phase-contrast microscope. The possibility that 30% of the 
heads in insect fibrils are susceptible to tryptic cleavage even 
when they are tightly bound to actin was also examined. We 
separated S-1 from papain-treated insect fibrils by a 
modification of the procedure of Cooke’ and subjected mixtures 
of insect S-1 and rabbit actin to proteolysis with trypsin. In the 
presence of 5mM MgPP,, proteolysis of insect S-1/rabbit actin 
mixtures produced the 51 K species, whereas in rigor solvent 
conditions, insignificant (<5%) levels of the 51 K species was 
formed, showing that all the insect S-1 could be protected by 
actin. We conclude, therefore, that rigor insect flight muscle has 
a greater fraction (~30%) or unattached (or weakly bound) 
myosin heads than has vertebrate muscle. 

Two types of model have been proposed to interpret the 
appearance of rigor insect flight muscle under the electron 
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Fig. 3 SDS gels of papain digests of Sarcophaga myofibrils. a, 
Native myofibrils (0.5 mg ml~'); b, myofibrils (0. 5 mg ml™*) pre- 
viously treated for 6 h with trypsin (0.005 mg ml‘) in rigor condi- 
tions; c, myofibrils (0. 5 mg ml‘), previously treated for 6h with 
trypsin (0. 005 mg ml~') in the presence of 2mM MgPP.. Myofibrils 
(0.5 mg ml”) were digested with papain (0.05 mg ml‘) for 90 min 
in the same conditions as in Fig. 1 legend. This time was sufficient 
for complete digestion of Sarcophaga myosin heavy chain 
(MyHC), Before denaturation of samples, 0.1 vol of rabbit myosin 
(1 mg ml~') was added. The amounts of rod were estimated rela- 
tive to the amounts of the rabbit myosin heavy chain. Compared 
with the amount of rod in a, the amounts of rod in b and c were 
103% and 98% respectively. 
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microscope. In one, each arm of the ‘flared X’ structure seen in 
transverse sections is ascribed to a separate myosin molecule’”, 
whilst the alternative model supposes that pairs of arms are 
contributed by the two heads of a single molecule. If the number, 
n, of myosin molecules at each 14.5-nm level is six’’, then the 
percentages of attached myosin molecules for the two types of 
model have been estimated to be 67 and 37.5 respectively'*, 
whereas if n =4 (ref. 11), these values would be 100 and 56 
respectively. Our experimental determination that 70% of the 
heads are attached fits well with the first type of model if n = 6, 
but would require binding of only one head of about half the 
molecules if n =4. The second model is clearly incompatible 
with our data if n =6, but the discrepancy is much smaller if 
n=4, 

For both frog and rabbit we find that almost 100% of the 
heads are tightly attached. This result should prove useful in 
determining the extent to which a myosin head can move from 
its resting position on the thick filament in order to attach to 
actin. 

We thank Dr G. Offer for critically reading the manuscript. 
The work was supported by NIH grant AM04349 and was 
carried out during tenure of a Muscular Dystrophy Association 
of America postdoctoral fellowship to S.J.L. This is contribution 
1113 from the Department of Biology, McCollum-—Pratt Insti- 
tute, The Johns Hopkins University. 
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Human cells contain 
two forms of pp60°** 


David J. Shealy & Raymond L. Erikson 


Department of Pathology, University of Colorado Health Sciences 
Center, 4200 East Ninth Avenue, Denver, Colorado 80262, USA 


Normal chicken embryo fibroblasts contain a gene, c-src, which 
is homologous to the avian sarcoma virus transforming gene, 
src’. Both genes code for a 60,000-molecular weight (M,) pro- 
tein which is phosphorylated at serine and tyrosine residues” "* 
and has the unusual function of phosphorylating tyrosine 
residues'*"*. We report here that both normal human fibroblasts 
and A431 human epidermoid carcinoma cells contain two forms 
of the normal cell protein pp60°"* which were resolved elec- 
trophoretically using a 10% polyacrylamide gel. The 60,000-M, 
form is phosphorylated primarily at tyrosine, while the 59,000- 
M, form is phosphorylated at serine. *“S-methionine chymo- 
tryptic maps show that the two forms are clearly related, 
although several significant differences are observed. 

Avian sarcoma virus infection of normal avian cells leads to 
50-100-fold greater synthesis of pp60** than normal and to 
increased levels of phosphotyrosine in total cell protein'’. These 
events correlate quite well with the process known as trans- 
formation. Knowledge of the normal function of pp60°™" might 
help to elucidate the mechanism of viral transformation. 

A431 cells have an elevated concentration of epidermal 
growth factor (EGF) receptors in their membranes”. Studies 
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were initiated in our laboratory to compare the mechanism of 
growth stimulation by EGF and by viral transformation. During 
this work, we found that pp60°** immunoprecipitated from 
*°§-methionine-labelled A431 cells could be resolved into two 
bands by electrophoresis in 10% polyacrylamide gels (Fig. 1, 
lane 1). Both forms are phosphorylated (lane 3) and their 
apparent molecular weights are 60,000 and 59,000. Normal 
human fibroblasts also contain two forms of pp60°*, both of 
which are phosphorylated (lane 5); about one-third of the 
pp60°** is in the higher molecular weight form and two-thirds in 
the smaller form. Thus all human cells may contain two forms of 
pp60°™". Our findings confirm recent reports that A431 cells 
contain a pp60°"*-like kinase activity, as assayed by the phos- 
phorylation of tumour-bearing rabbit (TBR) immunoglobulin 
heavy chain in immune precipitates from A431 cells'*"*, 

To confirm that the two proteins immunoprecipitated from 
A431 cells were actually pp60°**, we compared limited digests 
of the two forms with authentic pp60°“* immunoprecipitated 
from chick embryo fibroblasts. Partial digestion of pp60°** or 
pp60"* with V-8 protease gives a distinctive pattern; a single 
cleavage gives a 34,000-M, amino-terminal fragment phos- 
phorylated at serine and a 26,000-M, carboxy-terminal frag- 
ment phosphorylated at tyrosine'®'*. Figure 2 shows that the 
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Fig. 1 A431 cells, obtained from G. Todaro, were maintained on 100-mm 
plastic Petri dishes (Lux) in Dulbecco's modified Eagle's medium (DMEM; 
Gibco) containing 10% calf serum (Flow). Normal human foreskin fibro- 
blasts (obtained from T. Puck) were maintained in DMEM containing 15% 
fetal calf serum (Flow). For **P labelling, confluent cultures were starved for 
0.5 h in phosphate-free medium lacking serum. Cells were then labelled for 
2-3 h in phosphate-free medium containing 1% dialysed calf serum and 
1 mCi ml‘ of **P-orthophosphate (ICN). **S-methionine labelling involved 
first starving cells for 0.5 h in methionine-free medium containing 1% calf 
serum, then labelling for 2-5 h in methionine-free medium containing 1% 
calf serum and S0-300pCiml~' “S-methionine (Amersham), 
Radiolabelled cells were washed in 0.15 M NaCl, 0.05 M Tris, pH 7.2, and 
0.001 M disodium EDTA, lysed in RIPA (10 mM Tris pH 7.2, 0.15 M NaCl, 
1% sodium deoxycholate, 1% Triton X-100, 0.1% SDS) and clarified by 
centrifugation for 30 min at 100,000g at 4°C. Normal rabbit serum or TBR 
serum? that cross-reacted with pp60°* was added to each lysate and 
immune complexes collected using protein A-containing Staphylococcus 
aureus ‘*, The bacteria were washed once in 1 M NaCl, 0.01 M Tris pH 7.2, 
0.1% NP40 and twice in RIPA in which the SDS was replaced with 1 M urea. 
Samples were resuspended in 0.07 M Tris pH 6.8, 11% glycerol, 0.003% 
bromophenol blue, 3% SDS, 5% 8-mercaptoethanol and heated to 95°C 
for 1 min. Proteins were separated on a 10% polyacrylamide gel using the 
buffer system of Laemmli'’. Acrylamide (Eastman) recrystallized from 
chloroform and N,N'-methylene bisacrylamide (Eastman) recrystallized 
from acetone were used to achieve good resolution. Gels were fixed in 10% 
acetic acid-5% methanol and dried on Whatman 3 MM paper before 
exposure to Dupont Cronex X-ray film with a Dupont lightning-plus 
intensifying screen. **S-methionine-labelled A431 cells, immunoprecipi- 
tated with TBR serum (lane 1) and normal rabbit serum (lane 2), °*P-labelled 
A-431 (lanes 3 and 4) and normal human fibroblast (lanes 5 and 6) cells, 
immunoprecipitated with TBR (lanes 3 and 5) or normal (lanes 4 and 6) 
serum. The position of p60 is indicated. 
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Fig.2 ™“P- and **S-methionine-labelled A43. cells and YP-labelled chick 
embryo fibroblasts were immunoprecipitated with TBR serum and the 
pp60°** bands resolved on preparative 10% polyacrylamide gels. The 
unfixed, wet gels were exposed to film. The two forms of A-431 pp60°*" 
were rerun on a second preparative gel before use. Each band was excised 
and digested by S. aureus V-8 protease as described by Cleveland et al.?°. 
*P-labelled A431 pp60°** 60,000-M, form (lanes 1 and 4), A431 pp60°"" 
59,000-M, form (lanes 2 and 5) and avian pp60°*™ (lanes 3 and 6), as well as 
**§-methionine-labelled 60,000-M, (lanes 7 ard 9) and 59,000-M, (lanes 8 
and 10) forms, were digested with either 0.005 ug (lanes 1-3,7,8) or 
0.05 ug (lanes 4-6, 9, 10) of V-8 protease. The positions of p60 and the 
characteristic amino- and carboxy-terminal fragments are shown. 


two forms of pp60°*" from A431 cells ere differently labelled by 
`P, The 60,000-M, form is phosphorylated primarily on the 
carboxy terminus, whereas the 59,)00-M, form is phos- 
phorylated almost entirely on the amino terminus. The digestion 
of **S-methionine-labelled material shows that each form has an 
amino- and carboxyl-terminal fragment, as indicated by co- 
migration with fragments produced br V-8 digestion of avian 
pp60°"". The results suggest that the faster mobility of the 
59,000-M, form is caused by an alteration at the amino-terminal 
end of the molecule. **P-labelled forms from human fibroblasts 
produced similar results (data not shown). 

Phosphoamino acid analysis of the A431 pp60°** forms 
confirmed the V-8 digestion results. Both forms were re-elec- 
trophoresed on a second preparative polyacrylamide gel to 
ensure that neither was contaminated ty the other form. Figure 
3 shows that the 60,000-M, form cortains about 70% phos- 
photyrosine and 30% phosphoserine, and the 59,000-M, form 
99% phosphoserine and only 1% >hosphotyrosine. Thus, 
according to both phosphoamino acid analysis and limited V-8 
digestion, each form is phosphorylated predominantly at either 
tyrosine (60,000-M,) or serine (59,00(-M,) residues. We have 
been unable to purify away the small amount of phosphoserine 
found in the 60,000-M, form or the phosphotyrosine found in 
the 59,000-M, form. 

To compare the A431 pp60°* forms further, **S- 
methionine-labelled material was isolated by preparative gel 
electrophoresis. Complete chymotryptic digests were prepared 
and separated by two dimensional chromatography /electro- 
phoresis on thin layer cellulose sheets (Fig. 4). As shown in the 
mixture (Fig. 4c) and in the schematic diagram (Fig. 4d), the two 
forms have several peptides in common. However, there are 
significant differences, some of which can be accounted for by a 
small shift in the position of a given spot, possibly due to the 
differential phosphorylation observed. The positions of major 
peptides are similar to those found for pp60"" from virus- 
infected chicken cells*. 

Several laboratories have found only one form of pp60°** in 
human cell lines*’*'’, which suggests that not all human cell 
lines contain two forms. Alternatively, it is possible that their 
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antiserum against pp60°“* did not cross-react sufficiently to be 
able to immunoprecipitate the second form, or that their poly- 
acrylamide gels did not resolve the two forms. Other species may 
also contain two forms which have not yet been resolved using 
polyacrylamide gels. 

Possible explanations of the existence of two forms of pp60°"* 
in human cells include the following. (1) They contain different 
modifications, which result in significantly different mobilities in 
polyacrylamide gels. (2) The lower molecular weight form is a 
cleavage product of the higher molecular weight form. (3) 
Human cells contain two c-src genes which code for proteins of 
slightly different sizes. (4) Both forms are coded for by the same 
gene, yet separate splicing events give two messenger RNAs 
coding for proteins of different sizes. 

The first possibility seems unlikely, barring additional 
modifications besides phosphorylation. **S-methionine pulse- 
chase and *’P pulse experiments show no precursor—product 
relationship between the two forms (data not shown). There is 
no proteolysis on incubation of “’P-labelled samples at 0°C 
following lysis and clarification. If the difference in mobility is 
due to a simple modification of the same primary amino acid 
sequence, then the change must be rapid and fairly stable. 
Experiments are in progress to examine the last two alternatives. 

Even if the two forms have the same primary sequence, the 
fact that the two forms are phosphorylated differently is interest- 
ing. The sites of phosphorylation could alter the activity of the 
protein, or perhaps its location or environment. A431 
membrane preparations have the same ratio of the two forms as 
whole cell lysates (data not shown). Experiments are in progress 
to separate the two forms and compare their enzymatic activi- 
ties. 

Thus the two human cell lines we have examined both contain 
two forms of pp60°*". The two forms are phosphorylated 
differently, the 60,000-M, form containing primarily phos- 
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Fig.3 Radiolabelled proteins from “’P-labelled A431 cells were prepared 
as described in Fig. 2 legend. The two forms of pp60°** were eluted and 
precipitated using 100 yg of bovine serum albumin (Miles) as carrier and 
20% trichloroacetic acid (TCA). The proteins were hydrolysed in constant 
boiling HCI (Pierce) for 3-4 h at 100°C, and then lyophilysed, Each was 
resuspended in 3 ul of water containing authentic, unlabelled phospho- 
serine, phosphotyrosine and phosphothreonine and spotted of Whatman 
3 MM paper. The phosphoamino acids were separated by high-voltage 
paper electrophoresis at pH 3.5 (pyridine/acetic acid/water, 1:10: 189) for 
1h at 4,000 V. The paper was stained with ninhydrin and exposed to film 
with an intensifying screen. Lane 1, A431 pp60°** 60,000-M, form; lane 2, 
A431 pp60°** 59,000-M, form. Positions of ninhydrin-stained phos- 
phoamino acid standards are shown, 





Fig. 4 Each form of A431 pp60°** labelled with **S-methionine was 
prepared as described in Fig. 2 legend. The TCA-precipitated proteins were 
oxidized in performic acid for 1 h at 0 °C and lyophilysed twice from 1 ml of 
water. Proteins were then resuspended in 0.05 M ammonium bicarbonate, 
pH 8.5, and digested with 4 ug of chymotrypsin (Millipore) for 1 h at 37 °C. 
An additional 4 ug of chymotrypsin were added and digestion continued for 
3 hat 37 °C. The peptides were lyophilysed, redissolved in 0,1 M ammonium 
hydroxide and applied to a 20 x 40 cm plastic-backed cellulose sheet (Poly- 
gram Cel 300, Macherey-Nagel). The peptides were separated by ascending 
chromatography (sec-butanol/n-propanol/isoamyl alchohol/pyridine/ 
water, 1: 1:1:3:3) and by electrophoresis at 3,000 V for 1.25h at pH 3.5 
(pyridine/acetic acid/water, 1:10:189). The sheets were exposed using 
Kodak X-Omat AR film at —70°C. a, **S-methionine A431 pp60°"* 
60,000-M, form; b, 59,000-M, form; c, mixture of both forms; d, schematic 
drawing comparing the two forms. 


photyrosine, while the 59,000-M, form is phosphorylated 
mainly on serine. The V-8 and chymotryptic peptide maps 
clearly show that these two proteins are related. All the 
experiments support the conclusion that these proteins are 
homologous to the avian sarcoma virus transforming gene 
product. 

We thank A. F. Purchio, P. Arrigo and E. Erikson for helpful 
discussions. This study was supported by ACS postdoctoral 
fellowship PF-1902 (to D.J.S.) and NIH grants CA-21117 and 
CA-15823, grant MV-IA from the American Cancer Society 
and an award from the ABC Research Foundation. 
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Complex allotypes of rat x 
chains are encoded by structural alleles 


Haynes W. Sheppard & George A. Gutman 
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The problem of the evolution and inheritance of gene loci 
polymorphic for alleles with extensively differing sequences has 
been raised by the finding that the rat immunoglobulin «-chain 
allotypes, RI-la and RI-1b, which segregate as co-dominant 
alleles’*, differ at 11 out of 107 amino acid positions“. It has 
been proposed that such ‘complex allotypes’ may represent the 
products of duplicated genes, analogous to immunoglobulin 
isotypes, which are subject to allelic regulation (see ref. 7 for a 
review). The present study was designed to determine the 
number and identity of the genes for «-chain allotypes in the 
genome of inbred laboratory rats; if these allotypes represent 
duplicated genes it should be possible to identify the RI-1la 
structural gene in an inbred strain which only expresses the 
RI-1b allotype, or vice versa. Thus a gene corresponding to the 
RI-1b constant region of the x light chain (C,.) was cloned from 
LOUVAIN (LOU) rat liver DNA, and then used as a hybri- 
dization probe to analyse liver DNA from LEW (RI-1b) and 
DA (RI-1a) strains of rat. The results reported here indicate 
that the genome of each inbred strain contains a C, gene of only 
the appropriate RI-1 type. Therefore the complex RI-1 allo- 
types in the rat cannot be explained by duplicated genes but by 
an unusual evolutionary history, 

The existence of multiple copies of the rat C, gene has been 
proposed because (1) a 10% difference in the amino acid 
sequence is unexpected, as the products of allelic genes usually 
differ by one or a very few amino acids’; (2) serological studies of 
inbred strains and wild rat populations of Rattus norvegicus have 
failed to identify intermediate forms or new alleles of RI-1 (ref. 
10). Unlike alleles, duplicated genes could accumulate muta- 
tional changes independently of one another without the expec- 
tation of maintaining intermediate forms; and (3) the occasional 
expression of unexpected or ‘latent’ gene product has been 
reported, the best characterized and most relevant examples 
being rabbit immunoglobulin allotypes (see ref. 7 for review). 

The rat C, géne was isolated by constructing a library of 
clones in the AgtWES phage cloning vector'''*. Each phage 
genome contained a fragment of rat liver DNA generated by 
partial digestion with the restriction enzyme EcoRI. As there are 
no immunoglobulin gene rearrangements in liver DNA’, this 
DNA is equivalent to ‘germ-line’ DNA for these genes. Indivi- 
dual phage plaques were screened by in situ hybridization” 
using a cDNA probe corresponding to the mouse C, gene”. 

The isolation, restriction map analysis and the plasmid sub- 
cloning of the rat C, gene have been described elsewhere’. 
Briefly the C, -containing clone isolated from the EcoRI library 
contained an EcoRI fragment bearing the C, gene which was 6.5 
kilobase pairs (kbp) long. A single C, gene was identified and 
found to be within a BspRI fragment 1,170 base pairs (bp) long; 
the latter was then transferred to the pBR322 plasmid vector by 
standard cloning techniques. 


0028-0836/81 /430669—-03301.00 
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Table 1 RI-1 type of C, clones 


tenet tr era Whether A ra, 


Ri~1 type decra by: 


DNA 
Ddel - sequence 
Clone no. Strain digest analysis 
1 LOU b ND 
2 b ND 
3 b ND 
5 b ND 
6 b b 
7 b b 
8 LEW b ND 
9 ob b 
26 DA a ND 
28 ao. ND 
40 E a 





The third column shows RI-1 type as determined by digestion with 
the restriction endonuclease Ddel, for which there are allotype-asso- 
ciated restriction site differences within the amino acid coding region of 
the C, gene. DNA sequences were determined by the chemical 
modification method of Maxam and Gilbert". The complete nucleotide 
sequence of the C, gene has been determined for clones 6 (RI-1b) and 


40 (RI-1a), Partial sequences which include several allotype-associated 
differences have been determined for clones 7 and 9. The nucleotide — 


sequences confirmed the allotype-associated Ddel site differences. ND, 
not determined. 


The probe used consisted of the 1,170-bp C,-containing 
BspRI fragment which was separated from the plasmid DNA 
after appropriate restriction enzyme digestion. The probe 
contains the entire C, coding region, the 3’-untranslated region, 
450 bp of 5'-flanking DNA and 255 bpof 3’-fianking DNA, and 
it was labelled to high specific activity (> 10° c.p.m. per wg) by 
nick translation. 

Initially, high molecular weight adult liver DNA‘ was diges- 
ted with a single restriction enzyme, separated on an agarose gel, 
transferred to nitrocellulose paper and hybridized with the rat 
C, probe according to Southern. This analysis was carried out 
using 8 of the 21 commercially available ‘low hit’ (6-base 
recognition site) restriction enzymes and three ‘high hit’ 
enzymes known fo recognize sites within the cloned 6.5-kb 
EcoRI fragment. Four enzymes (Clal, SacIl, Sall and Xhol) cut 
rat DNA too infrequently to give a useful range of fragment sizes 
(results not shown). However, six enzymes (EcoRI, Hincll, 
HindIII, Hinfl, Pvull and Xbal) each gave rise to the same 
single C,.-containing fragment in DNA from LEW or DA rats 
(Fig. 1). The EcoRI fragment (6.5 kbp) corresponds to the 
fragment found in the C, -containing AgtWES clone. The Hincll 
(1.1 kbp) and Poull (2.8 kbp) fragments have been mapped 
within the cloned 6.5-kb fragment. The Hin fl (1.3 kbp), Hiha II 
(6.6 kbp) and Xbal (6.8 kbp) fragments have not been mapped 
on cloned rat DNA, but correspond to fragments which may: be 
predicted by examination of published sequences for the closely 
related mouse C, gene and its flanking DNA (unpublished 
sequences provided by E. Max). 


Only one of the enzymes used for genomic blots showed an 





allotype-related difference, LEW having a 13-kbp BamHI 
fragment and DA an 8.3-kb fragment. This difference in BamHI 
sites has also been found in cloned DNA; the 6.5-kb fragment in 
the LOU clone contains no Bam-HI sites, whereas a recently 
cloned DA 6.5-kb fragment has a unique BamHI site 2.4 kb 
from the 5’ end (data not shown). 

Figure 1 shows the results of digestions using various pairs of 
‘low hit’ enzymes. Using these data, a linear map of the restric- 
tion enzyme sites in the rat genome DNA can be constructed, 
covering ~13 kbp (Fig. 2). | 

This analysis of the rat genome has defined a region of 2.8 kbp 
for DA and 3.9 kbp for LEW which contains all the detectable 
C, sequences within a mapped regien of DNA comprising 
~13 kbp. Because the corresponding cloned DNA contains a 
single C, gene’*, these results demonstrate that, unless the 
entire 13-kbp segment lies within a duplicated Fepen, the rat 
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Fig. 1 Genomic blot analysis of rat 
liver DNA. High molecular weight 
DNA isolated from liver tissue’? of 
DA (RI-1la) or LEW (RI-1b) rats 
was digested with the appropriate 
restriction enzyme(s) and the 
products separated by size on a 0.8% 
agarose gel (~40 wg per well). The 
gel was then stained with ethidium 
bromide for photography, exposed 
to short-wave UV light on a 
chromato-vue transilluminator of 18 
min, denatured in 0.5M NaOH, 
1.5M NaCl, and neutralized with 
0.5 M Tris, 3 M NaCl. The DNA was 
transferred to nitrocellulose by the 
method of Southern”, and heat-fixed 
at 80°C in an evacuated oven. The 
blots were placed in a heat-sealable 
plastic bag with hybridization buffer 
(0.75 M NaCl, 50 mM NaPO,, 5 mM 
EDTA, 0.1% SDS, 0.1% Ficoll, 
0.1% polyvinyl pyrollidone, 0.1% 
bovine serum albumin, pH 7.10) and 
~2x 10° c.p.m. ml! of high specific 
activity (>10° c.p.m. per pg) C. 
probe and hybridized at 65°C for 


24 h. The blots were washed to remove non-hybridized label and exposed to Kodak X-ray film for 5-21 days using Dupont Lightning Plus 
intensifying screens at —70 °C. The source of the liver DNA is indicated above each lane by L (LEW) or D (DA). The restriction enzyme(s) used 
to digest the DNA is indicated above each pair of lanes: R, EcoRI; B, BamHI; H, HindIII; X, Xbal; Hf, Hinfl. The size of each band (in kilobase 
pairs (kbp)) is indicated below each lane. These sizes were determined by graphic analysis using the EcoRI digestion products of phage A DNA as 
size standards. The location and size of the standards (in kbp) are indicated in the left-hand margin. 


genome of each allotype contains a single C, gene. Further- 
more, the BamHI site difference between DA and LEW can be 
used to distinguish the two allotypes; the RI-la (DA) genome 
does not contain the BamHI fragment found in the RI-1b 
(LEW) genome and vice versa (Fig. 1, lanes 3 and 4, 13 and 14, 
15 and 16). If duplicated ‘latent allotypes’ existed in these rats, 
there would be a duplication of the entire 13-kbp segment with a 
simultaneous and independent acquisition of the BamHI site 
difference in both copies. That is, in the DA rat, both the RI-la 
and RI-1b gene contexts would have to have the DA-specific 
BamHI site, while in the LEW rat, both gene contexts would 
lack this restriction site. This specific parallel evolution of 
duplicated regions seems unlikely. 

The conclusion that the rat genome contains sequences of 
only the appropriate allotype is also supported by analysis of 
independently derived clones from RI-la and RI-1b rats. 
Eleven independent clones were identified using the restriction 
enzyme Ddel, which has allotype-specific sites within the coding 
region. In some cases, the allotype was also determined by 
partial DNA sequence analysis. Table 1 shows the results of the 
Ddel digests and sequence analysis of the 1,170-bp BspRI 
fragments from LOU, LEW and DA clones. The clones tested 
include six from the LOU (RI-1b) strain, two from the LEW 
(RI-1b) strain and three from the DA (RI-1a) strain. In each 
case the allotype of the cloned gene matched the serologically 
determined allotype of the corresponding rat strain. If both 
RI-1a and RI-1b genes existed in each strain, the likelihood of 
obtaining such results by chance would be extremely small 
(P<5x10). 

These results demonstrate that complex allotypes, in this case 
differing by 10% of their amino acid sequence, can be coded for 
by allelic structural genes. They do not, however, exclude the 
possibility that the expressed RI-1 allele could be part of a large 
(>13 kbp) duplication (that is, there may be multiple copies of 
the appropriate allele). Nor do they exclude the possibility that 
latent allotype genes exist in other species. Unlike the rabbit 
immunoglobulin allotypes, for example, there is no evidence for 
the expression of latent C, genes in the rat. However, these 
results demonstrate that it is not necessary to invoke gene 
duplication to account for the allelic expression of complex 
allotypes. 

As the existence of duplicated latent RI-1 alleles in the rat is 
highly unlikely, two possibilities remain to explain these 


complex allotypes: evolution of the two alleles by classical 
divergence from a common ancestral form, all intermediate 
forms having been eliminated by selection; and divergence of 
the alleles as duplicated genes, with recent gene-contraction 
events generating structural alleles. At present, these possi- 
bilities are indistinguishable, as they differ only in the proposed 
evolutionary history of the gene. However, studies on the 
comparative structure of other rodent « chains may elucidate 
the precise mechanisms of their divergence. 

We thank Ms Susan Jasinski for technical assistance, Ms Anne 
Tsukamoto for communicating data on the allotype-associated 
BamHI difference, and Dr J. Seidman for providing the mouse 
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Fig.2 Genomic restriction map for LEW and DA. A linear map 
of restriction endonuclease cleavage sites is shown at the centre of 
the figure. B, BamH1; H, HindIII; R, EcoRI; X, Xbal. The relative 
positions of various C,-bearing fragments are indicated by a bar 
above the map for DA, and below the map for LEW. The 
enzyme(s) which gave rise to each fragment is indicated in the 
left-hand margin. The sizes were determined by graphic analysis 
using size standards (see Fig. 1). The position of the C, gene was 
derived from cloned EcoRI fragments of both LEW and DA origin 
(see text). The only restriction site difference between DA and 
LEW identified on genomic blots is indicated by an asterisk. 
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Liposome-mediated transformation 
of streptomycetes 
by chromosomal DNA 
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Transformation is a process of unidirectional transfer of genetic 
information in which DNA originating from one cell is taken up 
by another and stably maintained’. Among the actinomycetes, 
probably the most interesting and important genus of bacteria, 
there is only one convincing description of transformation by 
chromosomal DNA?. It has been suggested that the absence of 
such transformation in streptomycetes may be due to the 
production of extracellular DNase. DNA encapsulated in 
liposomes is resistant to the action of DNases and liposomes can 
be made to fuse with cells by treatment with polyethylene gycol 
(PEG)*. Here we describe the fusion of liposomes containing 
chromosomal DNA with protoplasts of streptomycetes, resul- 
ting in the formation of genetically characterized transformants. 
When phospholipids are dispersed in an aqueous solution, 
vesicles known as liposomes form, encapsulating discrete 
volumes of the aqueous phase inside a bilayered lipid 
membrane. The addition of a solution of DNA to a film of dried 
phospholipid results in the formation of liposomes containing 
DNA which can be made to fuse with protoplasts by treatment 
with PEG. DNA encapsulated in liposomes is apparently 
released into the cytoplasm of protoplasts during fusion, as it is 
possible to detect changes in the genetic constitution of colonies 
regenerating from the fusion mixture. Table 1 shows the 
frequency of phenotypic transformation of Streptomyces clavu - 
ligerus and Streptomyces coelicolor. After fusion with liposomes 
containing DNA, protoplasts were allowed to regenerate on 
non-selective medium and form colonies which were then 
replica-plated on to diagnostic media. The numbers of colonies 
growing on replica plates of each selective medium were used to 
calculate the frequency of transformation for each marker. The 
results indicated that transformation of marker genes conferring 
resistance or sensitivity to antibiotics, auxotrophy or proto- 
trophy could take place at high frequencies (2-10%) in both 
S. clavuligerus and S. coelicolor. 
i Ea ih ta Ea E gS eng 
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Fig. 1 Arrangement of markers in S. coelicolor strains M124, . 
2685 and 2686. 


Generally, the auxotrophic requirements of the recipient. E 


strain could be transformed to prototrophy at a frequency of up 


to 10% while auxotrophic characteristics of the donor were 

expressed in ~4% of the colonies. Reciprocal experiments 
involving S. clavuligerus strains CL98 and CL198 showed that. 
transformation to antimycin or fluorouracil resistance occurred. 
about twice as frequently as transformation to sensitivity. If the 
transformation process resulted in immediate recombination 
and random segregation, then the two frequencies would be 

expected to be more equal. The discrepancies in transformation 
frequencies might result from the regeneration of protoplasts to 
form mixed colonies, or from the formation of partial diploids in 
which the donor DNA forms a duplication with the recipient 
genome. In either case, the subsequent replication and selection 
procedures could produce a biased sample of recombinants. To 
investigate this, transformed protoplasts were allowed to 
regenerate as a confluent culture on nonselective medium and 
samples of spores from this were analysed for the presence of 
transformant genotypes (Table 2). The results showed that, in 
these more rigorously nonselective conditions, the frequencies 
of transformation were not significantly different for both 
mutant and wild-type alleles when present on the donor or 
recipient chromosomes. 

To investigate more fully the nature of the transformation 
process, experiments were performed in which the interaction of 
three genomes was studied. By using genetically well defined 
strains of S. coelicolor (Fig. 1) it was possible to investigate the 
recombination resulting when the DNA of one strain was used 
as the genetic donor and two strains served as simultaneous 
recipients, and when a single strain was transformed with DNA 
from the other two. Because of the arrangement of the marker 
genes carried by the three strains it was possible to identify 
certain classes of recombinant as having arisen from specific 
processes. For example, when liposome-encapsulated DNA 
from strain M124 was mixed with protoplasts of strains 2685 
and 2686, recombinants of genotype proA” argA* uraA could 
only have arisen from the fusion of strains 2685 and 2686, while 
the genotype proA argA* uraA* could only be formed by the’ 
transformation of strain 2685 and proA”~ argA” uraA” by trans- 
formation of strain 2686. By measuring the preponderance of 
each of these diagnostic genotypes among the colonies that 
developed after treatment of protoplasts and liposomes with 
different concentrations of PEG of different molecular weigh 
(MW), it was possible to assess simultaneously how these condi- 
tions influenced both protoplast fusion and liposome-mediated 
transformation. The results showed that the optimum conditions 
for liposome-protoplast interactions generating transform ants 
were very similar to the requirements for protoplast fusion, that 
is, >40% PEG of MW 1,000 (ref. 5}, rather than those for 
plasmid transformation (20% PEG of MW 1,000)°. This 
Suggests that the liposome functions as an artificial protoplast 
and that the process of liposome-mediated transformation 
mimics protoplast fusion. 

Table 3a shows the frequencies of all the genotypes detected 
among the colonies resulting from fusion of liposomes contain- 
ing DNA from strain M124 with protoplasts of strains 2685 and 
2686. Recombinants arising uniquely from the fusion of the 
protoplasts occurred at about twice the frequency of recom- 
binants from the transformation of either protoplast. 
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Table 1 Transformation of S. clavuligerus and S, coelicolor after PEG-induced fusion with liposomes containing DNA 


am 





% Of colonies showing transformation 


Donor DNA genotype Recipient protoplast genotype to the indicated phenotype 

Strain hypi adei anti tpi meti fur Strain hypi adel ant tpl meñ fur Hyp Ade Ant Trp Met Fur 
N + + + + + + CLI198 ~ — = + + + 2.27 100° 60 NT NT NT i 
CL ~ + + + + + CL98 + + + >- - = 44> NT NT 81° 78° 80° $ 
CL98 + + + - ~ ~ CLI198 ~ =o- + + + 375 88* 2.2% 81° 3.17 24° 3 
CL198 E = ~ + + + CL98 + + + = - = 40° 48° 9.0" 88° 9.1" 40° > 
CL198 = =- - + + + N + + + + + + 40° 39 997 NT NT NT = 
CL198 -~ - ~ + + + CL198 ~ - =- + + + <0,2* <0.2* <0.2* NT NT NT n 

proà argA cysD his uraA strå proA argA cysDhisA uraA STÀ Pro Arg Cys His Ura Str a 
A3(2) 4 + + + + + 2709 s wk Gh a = 408" 10.2* 93° 98° 92° 92 $ 
M124 -= =- +o + ç + M130 +o +o okos = o 61° 597 28 98° 91° 8o $ 
M130 + + + — — — M124 ~ _ = + + + 10.07 97% 99% FA 4 4.27 £ 
27909 aee ~~ _ ~ — ~ A3(2) + + + + + + AQ” AS” 47° 477 49° 4.87 w 
2709 ~= = a ~ ~ — 2709 -~ -o= ~ ~ <0.2* <0.2" <0.27 <0.2" <0.2* <0.2° 


Extraction of DNA was performed using the procedure of Marmur? with the following modifications: (1) mycelia (2-5 g) collected after 4 days’ growth in liquid complete 
medium (CM) were treated for 10 min with 5 ml of 10 mg™' lysozyme (Sigma) in 0.25 M Tris pH 8 and 3 ml of 20% sucrose, which resulted in a characteristic change in the 
appearance of the mycelium rather than lysed cells, Lysis was achieved by the addition of 3 ml of hot (90 °C} 25% SDS. (2) Diethylpyrocarbonate (0.01 mi m! *; Sigma) was 
used in conjunction with EDTA to inhibit the action of DNases. Phospholipids were isolated from the chloroform—isoamy! alcohol phase of the DNA extraction procedure. 
7-Dehydrocholesterol (10 pg mi~’) was added to the pooled chloroform extractions of both streptomycetes and 3 ml were evaporated to dryness under vacuum. 
Liposome-encapsulated DNA was prepared by adding 0.1 ml of a 10 pg mi~? DNA solution in G buffer (0.015 M NaCl, 0.0015 M trisodium citrate, 0.28 M sucrose, 
0.001 M CaCl,, 0.1 M threonine, 0.1 M histidine) to the lipid film and spinning the flask (on a rotary evaporator) for 10 min. The resulting liposomes were suspended in 5 mi 
of P buffer’? and shaken vigorously for a further 10 min, after which the concentration of visible liposome-like structures was estimated by haemocytometer counting 
{0.2 x 10’ ml”'). Liposomes prepared in this way were very heterogeneous in size, having diameters of ~10-0.1 ym with most being ~ 1 wm, which is a little smaller than the 
average size of Streptomyces protoplasts. Protoplasts were generally prepared according to the method of Hopwood and Wright*, Occasionally the mycelia used were grown 
on cellophane disks on CM agar rather than in liquid culture. Liposomes and protoplasts were mixed in equal numbers and pelleted by centrifugation. PEG treatment was as 
for protoplast fusion'! (50% PEG of MW 1,000 for 1 min). Suitable dilutions of the fusion mixture were spread on to regeneration medium and incubated at 25 °C. Mature 
colonies were replica-plated on to diagnostic media. The numbers of colonies found on each medium were used to estimate the frequency of transformation of each marker 
gene. In each case at least 500 colonies were tested. The mutant strains of S. coelicolor A3(2) used were from Professor D. A. Hopwood and were all SCP1> and SCP2~. The 
marker genes have been described elsewhere'*. The strains of S. clavuligerus were isolated in this laboratory by J. Coleman; they are all derivatives of S. clavuligerus strain 
ATCC 27064 (designated by N here) obtained by mutagenesis with UV light. The gene symbols are: Ayp, trp, met, ade, auxotrophic requirements for hypoxanthine, 
tryptophan, methionine and adenine, respectively, ant, fur, resistance to antimycin and fluorouracil. This procedure could theoretically produce liposomes each containing 
DNA equivalent to 10 copies of the genome. However, UV-absorbance spectra indicated that at least 50% of the DNA remained in the supernatant after centrifugation. A 
further 20% could be removed by treating the liposomes with DNase, which suggests that it was associated with the outside of the vesicle and thus may not have been 
involved in transformation. Therefore our best estimate of the DNA content of each liposome is between 3 and 5 times the size of a single genome. Control experiments 
were: (1) treating donor DNA with DNA exonuclease (Sigma type HI, 15 units for 1h at 37°C, pH 5); (2) use of calf thymus DNA (Sigma) as donor; (3) mixing 
liposome-encapsulated DNA with protoplasts in the absence of PEG; (4) fusion of liposomes containing G buffer with protoplasts, either with or without added DNA. None 
of these procedures gave any evidence of transformants. In addition, it was not possible to isolate streptomycetes from the DNA solution or liposome preparations, nor any 
transformant-type colonies from recipient protoplasts treated with PEG in the absence of liposomes. NT, not tested. 


In further experiments, transforming DNA of two different 
strains was carried in either the same or separate liposomes and 
fused with protoplasts of a third strain. When the DNAs were 
carried in separate liposomes (Table 3b) the frequencies of 
recombinants originating from a single transformation by either 
species of DNA were high and equal, while the genotype proA 
argA uraA, which could result from transformation of the 
protoplasts by either species of DNA, was about half as 
frequent. This result was surprising in that the expected 
frequency of this class was twice that of either unique single 
transformation. Thus there was possibly some selection against 
this class of multiple auxotroph. The number of recombinants 
classified as double transformants, arising from the fusion of a 
protoplast with at least two liposomes, was small. The genotypes 
diagnostic of this event require two double cross-overs between 
the donor DNAs and the genome of the recipient protoplast, 





Table 2 Frequencies of transformation of $, coelicolor and S. clavuligerus 
assessed after nonselective isolation 





thus they might be expected to occur less frequently than 
recombinants showing only a single genetic change. However, 
when the same two species of DNA were encapsulated within 
the same liposomes and fused with protoplasts (Table 3c), the 
frequencies of unique single or double transformants requiring 
either one or two double cross-overs and the genotypes that 
could be formed from the interaction of either species of donor 
DNA were approximately equal. The generally lower frequen- 
cies of unique single transformations found in this experiment 
could reflect the fact that the effective concentration of each 
species of DNA per liposome was half. However, there was no 
indication that the uraA mutation, which was carried by both 
species of DNA, was donated at any greater efficiency than 
either proA”* or argA*, which were markers unique to 2686 and 
2685 respectively. In addition, the overall frequency of trans- 
formation of each individual marker in M124 was about the 
same in both experiments (mean 10.8 +2 and 9.3+ 1). 

Thus, the process of liposome-mediated transformation can 
produce recombination in strains of streptomycetes at 
sufficiently high frequency for it to be easily detectable in 
non-selective conditions. It seems to operate by a mechanism 


Donor Recipient % Transformation à E : : 2 f 
DNA protoplasts proA hisA argA cysD stA uraA $ similar to protoplast fusion, possibly involving the coalescence 
M124 man bak Bar Agnes Aner o ose E of liposome and protoplast membranes and the mixing of their 
A3(2) 3709 10.0" 102° 98° 81° 81° 93° u contents. It cannot be detected in the absence of PEG or when 
2709 A3(2) 98° 101° 9.57 9.37 97 OAM liposomes containing only buffer are mixed with protoplasts and 
tpi meti fur hypi adel ant $g added DNA before PEG treatment. As E clavuligerus and 
aon rog a8- Bit go- 85° 89° S6“ $ 5 S. coelicolor, which are taxonomically istinct species, can be 
CL198 CL98 g1 89° B1t 957 917 92° we transformed in the manner described here, the method should 


POOO ONOONO OEN nn eee aaan 


Fusion mixtures were spread at suitable dilutions to give nearly confluent lawns 
of growth on regeneration medium. Spore suspensions obtained from these plates 
were spread on to CM medium to give ~50 colonies per plate. These colonies were 
then replica-plated on to diagnostic media to detect the presence or absence of the 
various genetic markers. Genotypes of the strains are given in Table 1. The 
percentages shown for S. coelicolor were calculated from a total of 461 colonies 
tested, and those for S. clavuligerus from a total of 548. 


be applicable to most, if not all, streptomycetes. We believe that 
this system could provide a useful addition to the well developed 
systems of conjugation and protoplast fusion as well as 
complementing the recent successes” in cloning streptomycete 
DNA on plasmid or phage vectors. 

We thank K. F. Chater, Julie Coleman, D. A. Hopwood, G. 
Saunders and T. Savidge for encouragement and discussions. 
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Table 3 Frequencies of various recombination events during three-component transformations of S. coelicolor 


Genotype No. w OF 
proA argA uraA Origin of genotype detected total cross-overs” 
a _ + = Parental (2685) 201 31.4 9 l 
+ — _ Parental (2686) 271 42.3 ‘Oe 
+ + ~ Fusion of 2685 and 2686 65 10.2 oe 
S + + Transformation of 2685 31 4.8 2y 
+ ~ + Transformation of 2686 28 4,4 2 
+ + Fusion and transformation 18 2.8 4 
= = ~ Fusion and/or transformation 13 2.0 2 
~ ~ + Fusion and/or transformation 13 20. 4 
b ~ _ + Parental (M124) 463 72.3 g 
— + + Transformation by 2685 59 9.2 oe 
+ = + Transformation by 2686 58 9.1 aR 2, 
+ + ~ Double transformation 1 0.2 Š 
+ + + Double transformation 5 0.8 4 
ans a = 32 5.0 bcm 
— + ~~ } Transformation by 2686 or 2685 or both 8 12 4 
+ = — 14 2.2 4 
c = = + Parental M124 524 8&2 12E 
_ + + Transformation by 2685 19 3.0 2 
+ ~ + Transformation by 2686 24 3.8 2 
+ + = Double transformation 4 0.6 6 
+ + + Double transformation 20 3.2 å 
ne ~ — 13 2.0 Z 
~ + — } Transformation by 2685 or 2686 or both 18 2.8 4 E 
+ — ~ 18 2.8 4 é 
nnn 


a, Frequencies of recombination events detected when liposomes (2 x 10°) containing DNA from strain M124 ( proA argA cysD) were uused to transform a mixtare (Eb 
ratio) of protoplasts (2x 10°) from strains 2685 (preA uraA cysD) and 2686 (uraA argA cysD). b, Frequencies when protoplasts (2« 10°) of strain MIJS were | 
simultaneously transformed with a mixture of liposomes (2 x 10°) containing DNA from either strain 2685 or 2686 (1:1 ratio} prepared separately. c, Same ash exceptthat 
the liposomes were prepared containing a mixture of DNA from strains 2685 and 2686. In all cases, after fusion, the protoplasts were allowed to regenerate at high density ` 
on nonselective medium. Spore suspensions obtained from the resulting lawn were spread on to plates of CM at a dilution sufficient to give ~ 100 colonies per plate. These 
colonies served as a source of inoculum to construct 10 master plates of 64 colonies, each of which was then replica~-plated on to diagnostic media for genotype analysis. 


* Number of cross-overs required to produce genotype. 
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Considerable progress has been made in the chemical charac- 
terization of the origin of replication of the bacterial 
chromosome in both Escherichia coli and Bacillus subtilis’. 
This region is important in the initiation and control of repli- 
cation. The replication terminus, or position at which the two 
replication forks meet, is located opposite the origin, but its 
structure is unknown despite its several interesting properties 
which, almost certainly, reflect a significant biological role in the 
overall cell cycle—it seems to inhibit the movement of repli- 
cation forks**, it is remarkably devoid of genetic information”® 
and, like the origin, it shows a specific interaction with the cell 
surface, probably the membrane’. Recently, it was shown that 
the sporulation process in B. subtilis could be used to label the 
bacterial chromosome terminus radioactively’”"', Here we have 
investigated the number and nature of the labelled DNA frag- 
ments generated by restriction endonuclease treatment of 
chromosomes labelled over progressively shorter distances in 
the vicinity of the terminus. The results show that termination of 
B. subtilis chromosome replication is a more specific process 
than it has hitherto been possible to establish. Furthermore, the 
findings open the way to structural studies on the terminus 
region and to an examination by a very direct approach of the 
movement of replication forks within it. 


Terminus labelling of the chromosome of the thymine- 
requiring dna-1 strain was performed essentially as described 
previously’’. However, to obtain sufficient amounts of radioac- 
tive DNA for analysis, the culture (6x 10* cells per mi in. 
starvation medium containing 5 wg ml thymine) was filtered 
60 min after the initial resuspension and the cells were quickly 
suspended in one-fifth volume of the same medium containing 
*H-thymine (1.5 ug ml~!, 30 Ci mmol”). On addition of 6~( p- 
hydroxyphenylazo)uracil (100 uM) 10 min later, the culture was 
diluted back fivefold with medium containing excess unlabelled 
thymine (50 gml). The spore DNA was extracted and 
purified in a CsCl density gradient. Cleavage with Sa/l gave the 
relatively simple electrophoretic pattern shown in Fig..1 {left 
panel). Approximately nine well-defined radioactive bands, 
ranging in size from 17 to 1.2 megadaltons (Md), above a fairly 
high background smear, are obvious. They are not present in 
equimolar amounts, but, on the basis of one copy of each, t ieir 
combined size is 82 Md. The B. subtilis chromosome is 
~3,000 Md, which means that the collection of discrete frag- 
ments could represent as little as 2.7% of it. This value seems 
very low for a 10-min labelling period, but replication might be 
proceeding very slowly in the conditions used. Examination of 
the 10-min terminus-labelled DNA after cleavage by BamHI 
and Sall+ BamHI revealed relatively simple patterns with 
approximately 12 and 20 discrete fragments, respectively. Total 
B. subtilis DNA when cleaved by SalI showed a very complex 
pattern of fragments above a smear of material spreading from a 
position equivalent to >30 to <1 Md. o 

Figure 1 (right panel) shows the SalI restriction patterns for 
spore DNA labelled for 7.5, 5.0 and 2.5 min. A gradual 
simplification occurs such that the 2.5-min sample shov 
five fragments. Densitometer scans are shown in F 
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the 10.2-Md fragment gradually becomes the most prominent, 
while those of 9.2, 6.1 and 3.4Md disappear altogether. 
Although the 1.2-Md fragment remains significant on a molar 
basis it is difficult at this stage to say how it is changing relative to 
the 10.2-Md fragment. In another experiment the labelling 
period was reduced to 1 min and analysis of the DNA obtained 
confirmed the trend in Fig. 2. The 10.2-Md fragment was clearly 
the major component, some labelled material was obvious in the 
17-15-Md area and the 7.0-Md fragment was barely detectable. 
The replication order of SalI fragments as termination is 
approached from the 10-min situation seems to be (13, 6.1), 
(9.2, 3.4), (17, 15, 7.0), (10.2, 1.227). The 10.2-Md fragment 
may replicate last, but certain aspects concerning the relative 
amounts of various fragments could reflect some unusual fea- 
tures of the termination process or the structure of the terminus 
itself. Thus, if termination involved the simple collision of two 
replication forks, moving at the same rate, in the vicinity of the 
10.2-Md fragment, one would expect this fragment always to be 
present in the labelled DNA at a higher molar ratio than any 
other unique fragment. However, there is less of it than of the 
7.0-Md fragment in the 7.5-min sample; this could be due to the 


7.5 5 2.5 





——_—$ | 2" 





Fig. 1 Restriction endonuclease analysis of 3H-thymine terminus-labelled 
spore chromosomes. Spores were prepared as described in the text. For 
DNA isolation the labelled spores (~7 x10" per ml) were allowed to 
germinate at 34°C in 15 ml thymine-free casein hydrolysate medium plus 
1.2% (w/v) glucose (see ref. 10). After 2h the culture was centrifuged and 
the germinated spores suspended in 1 ml 10mM Tris-HCI pH 7.5, 20% 
(w/v) sucrose, 0.1 M NaCl, 10 mM NaN, and heated at 65 °C for 10 min. 
200 ul lysozyme (20 mg mi~™* in 50 mM Tris-HCl pH 7.5, 50 mM EDTA) 
were added at 0 °C and the mixture incubated at 37 °C for 60 min. Sarkosyl 
(1% ) was added and the mixture heated at 65 °C for 10 min and then cooled 
to room temperature. 500 ul Pronase (nuclease-free, 10 mg ml~' in 10 mM 
Tris-HCl pH 8.0, 1mM EDTA) were added and incubation at 37°C 
continued for 60 min. The lysate was made up to 7.0m! with 10mM 
Tris-HCI pH 8.0, 1 mM EDTA. 8.75 g Optical grade CsCl were added and 
the mixture centrifuged in a Beckman 70 Ti rotor for 3 days at 40,000 r.p.m. 
The collected radioactive fractions were pooled and dialysed against SSC 
(0.15 M NaCl, 15 mM Na citrate pH 7.0) in the cold. DNA was precipitated 
with 2 vols ethanol at —10°C, collected by centrifugation and dissolved in 
250 ul 10 mM Tris-HCl pH 7.5, 0.2 mM EDTA. Digestion to completion 
with Sall enzyme (Boehringer~-Mannheim) was performed according to 
standard procedures. Samples were loaded on to 0.7% agarose gels (Phar- 
macia) such that the total radioactivity was proportional to the labelling time 
used in preparing the spores. Electrophoresis was in 40 mM Tris-HCI pH 
7.8, 5mM Na acetate, 1 mM EDTA at 1.7 Vcm™' for 20h (Aquebogue 
submarine apparatus). Molecular weight standards used were mainly *H- 
thymine-labelled A DNA cleaved with EcoRI, BamHI and Sall. Gels were 
prepared for fluorography as previously described’. The sample on the 
extreme left was obtained from 10-min labelled spores. The three on the 
right were from spores labelled for 7.5, 5.0 and 2.5 min as indicated. 
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Fig. 2 Film densitometer scans of the 7.5-, 5- and 2.5-min patterns shown 
in Fig. 1. 


presence of more than one copy of the latter fragment. The 
significance of the relatively small amount of the 17-Md frag- 
ment is also unclear. Clarification of the overall situation must 
await the construction of a complete map of the terminus region. 

In the meantime, a direct test of the replication behaviour of 
the terminus fragments has been made. Spores of dna-1, 
containing 5-min  terminus-labelled chromosomes, were 
germinated and grown out in the presence of 5-bromouracil 
exactly as described previously’’. Replication is well under way 
by 75 min in these conditions but the bulk of the radioactivity 
does not shift into LH (light heavy) material until after the metB 
marker and at about 225 min (see ref. 10), In the present 
experiment, samples were taken at 150, 215 and 275 min (Fig. 
3a, b and c, respectively) and the DNA fractionated in CsCl 
gradients. The LH and LL (light light) species were examined 
after digestion with SalI (Fig. 3). In a, where only 6% of the 
radioactivity was transferred to LH material (50% of the round 


Md 


17 
15 


10.2—— 
aca 


7.0 











3.4 


1.2 








Fig. 3 Sall restriction patterns of the *H-thymine DNA in pooled LL or 

LH species obtained after germination and outgrowth of 5-min labelled 

spores in the presence of 5-bromouracil (see ref. 10). In a, 6 and c replication 

was stopped at 150, 215 and 275 min, respectively. The unreplicated control 

is shown on the extreme left. The figure represents a composite of two 

electrophoretic analyses and the print has been somewhat overexposed to 
reveal the fainter bands. 
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would have been completed’®), there has been no preferential 
replication of any of the fragments into the LH. In b, where 26% 
of the radioactivity had replicated to the LH position, the LL 
pattern is still unchanged and, although the LH pattern is faint, it 
shows no clear difference from the unreplicated material. The 
same situation persists in c, where the bulk (73%) of the 
radioactivity had replicated. Thus, we conclude that all SalI 
restriction fragments identified in the 5-min labelled spore 
chromosome terminus replicate late and as a unit when allowed 
to undergo a further round of replication. 

The results presented here have identified the terminus region 
of the B. subtilis chromosome in terms of a collection of discrete 
restriction fragments. The next step required is for the order of 
these fragments to be defined within-a map of the region, 
extended to include known genetic markers such as gitA and 
citK. The present results also show that termination occurs at a 
relatively specific site, at least in the strain studied here. The 
2.5-min collection of fragments totals only 50 Md or <2% of the 
chromosome. It seems that the majority of chromosomes must 
terminate well within the region covered by them and probably 
within a region <10.2 Md or <0.4% of the chromosome. ' 

This work was supported by the Australian Research Grants 
Committee and the University of Sydney Cancer Fund. 
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The translocation of the messenger RNA relative to the ribo- 
some during peptide syuthesis represents am example of a 
mechano-chemical reaction in which the cheaical bond energy 
of GTP is trameformed into coordinated motion. Such trans- 
formations also occur during the beating of cilia and flagellac, 
the contraction of mascie and the migration of chromosomes in 
cell division. In protein syathesis the functional, geometric and 
energetic conditions for this transformation are well defined. 
For each peptide bond formed, the ribosome moves one codon 
along the mRNA (towards the 3’ end) and one molecule of GTP 
ts hydrolysed. Although the basic requirements of this reaction 
have been elucidated, the mechanism is still unresolved”. We 
demonstrate here that translocation can be analysed as a series 
of binding equilibria shifted by one irreversible, GTP-consum- 
ing step. The shift in the binding equilibrium is induced by 
the transfer of the peptidyl moiety to the (A) site-bound 
aminoacyl(A A)-tRNA. This results in the A site-bound tRNA 
having an increased affinity for the high-affinity (F) site, and a 
strengthened association with the mRNA. Elongation factor 
(EF) G- GTP catalyses removal of the deacylated tRNA, 


empties the P site and at the same time loosens ribosome- ` 


mRNA sociation. The result of these changes is that pepti- 
dyl(PP)-tRNA : mRNA is shifted from the A site to the P site, 
binding of AA-tRNA: EF-Tu: GTP to the vacant A site 
ensuring that the process is irreversible. 





“Present address Inettot fiir Physkebechs Beologe, Unrversctat Diseldorf, D-2000 
Dissecbdort, FRG 


Figure la shows that addition of EF-G » GTP to a complex 
consisting of 70S - AUGU, -: tRNA? : Phe-tRNA reduces the 
amount of tRNA} bound to the P site. EF-G is released from 
the ribosome after GTP hydrolysis. Thus, freeing the P site from 
its product, the deacylated tRNA, requires energy in the form of 
GTP. 

With the P site now empty, tRNA differentiates strongly 
between binding to the A and P sites, the ‘choice’ depending on 
the nature of their 3’ substituent. Experimental support for this 
conclusion was obtained from the binding constants of Phe- 
tRNA: EF-Tu: GTP, AcPhe-tRNA and (Pheh-tRNA to 
either the A or P site, which were obtained using velocity 
sedimentation in the analytical ultracentrifuge’. The concen- 
trations of the oligonucleotide and macromolecular compounds 
were kept constant and the binding constants were shifted by 
varying the Mg** concentration in a range acceasible to experi- 
mental analysis (Fig. 2). Figure 2 shows that AcPhe-tRNA or 
(Phe),-tRNA can discriminate between the A and P site, 
whereas tRNA™ molecules bind to U,s;-programmed ribo- 
somes with no obvious preference for either ribosomal site. The 
finding that more than 80% of the acetylphenylalanine group is 
transferable to puromycin in conditions of first site saturation 
indicates that it is the P site which is preferably occupied at 
6-18 mM Mg’". 

To determine the affinity of the AcPhe-tRNA for the A site, 
the P site within the 70S :AUGU, complex was blocked by 
tRNA (because the initiator tRNA has a high affinity for the P 
site’). The ternary complex Phe-tRNA : EF-Tu: GMPPCP 
(guanosine 5’-(8,y7-methylene triphosphate) discriminates 
absolutely between the A and P sitee—the Phe-tRNA binds only 

EF-G-GTP EF-G-GTP 





1 3. 5 = 10 4 3 5 10 
Tıme (mm) 

Fig. 1 a, b, Release of tRNAM™ and AUGU, from a 
70S - AUGU; : tRNA" . Phe-tRNA complex by addition of EF- 
G and GTP. 70S ribosomes (‘tight couples’) were isolated from 
Escherichia coli MRE 600 by ronal centritugation’*. They were 
completely dependent on added EF-G when tested for poly(Phe) 
synthesis in the presence of poly(U), EF-Tu and an appropriate 
polymerisation mixture’?, Elongation factors G and Tu were iso- 
lated from a 10°g supernatant of a ribosome preperation’’. 
tRNA?” (1.5 nmol per Argo unit) and tRNA™ (1.3 nmol 

Aso unit) were from Boehringer, Mannheim. *H-CCA-tRNA 

(1,450 Ci mol’) was a gift of Dr H. Sternbach, Max-Planck- 
Institut fiir experimentelle Gdttingen’*. Aminoacylation 
of tRNA™ was better than 90% (ref. 15). Oligonucleotides were 
synthesized with primer-dependent polynucleotide phosphorylase 
from Thermus . Nucleoside composition was verified 
with the nucleoside analyser’®. Tritium-labelled oligonucleotides 
were prepared sccordingty by using uniformly labelled *H-uridine 
5'-ciphosphate (100 Ci mo! ~*). The rate of complex formation was 
followed by nitrocellulose filtration using 10 pmol of 705 ribo- 
somes and standard buffer (50mM Tris-HCI pH 7.5, 150 mM 
NH, Cl, 10 mM MgCl, and 10 mM mercaptoethanol), In separate 
experiments ~1 pg EF-G and 0.1 1 GTP were added after 
4 min of incubation at 37°C. In a, SH-tRNA?™ was used as the 
only labelled component, in b it was *H-AUGU; (300 Cl mo!'), 
With the replacement of tRNA by EF-G-GTP the 
oligonucleotide is released simultaneously because of the low 
stability of the 708 - AUGU, - Phe-tRNA complex (adsorption to 
nitrocellulose filters). @, Label in complex without EF-G : GTP 

addition; O, label in complex after EF-G : GTP addition. 
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Fig. 2 Binding of tRNA to 70S ribosomes as studied by velocity 
sedimentation in the analytical ultracentrifuge. The cells were filled 
homogeneously with a solution containing 2 M tRNA, 70 uM 
oligonucleotides and either 0.4 uM ribosomes or no ribosomes. 
Standard buffer (see Fig. 1 legend) with varying Mg“ concen- 
tration was used. The sedimentation profiles were scanned at 
285 nm; temperature was 10°C. The ribosomes and 
ribosome - tRNA complexes were spun down at a rotor speed of 
20,000 r.p.m. for 20 min. A clear boundary of the unbound tRNA 
was formed after accelerating the rotor to 52,000 r.p.m. The 
plateau heights of tRNA boundaries were compared in the 
presence and absence of ribosomes, and the difference yielded the 
extent of tRNA bound to the ribosomes (for details of the method 
see ref, 3). tRNA’ (@), AcPhe-tRNA (©), (Phe)z-tRNA (W) and 
Phe-tRNA ~ EF-Tu GMPPCP (V) were bound to oligouridylate- 
programmed ribosomes. (Phe)2-tRNA was prepared chemically 
according to ref. 17. For the binding of AcPhe-tRNA to the A site 
(V), the P site of AUGU,-programmed ribosomes was first occu- 
pied by one molecule tRNA; the increase in the extent of 
binding after addition of AcPhe-tRNA yielded the binding of 
AcPhe-tRNA to the A site; concentrations of tRNA; and 
AcPhe-tRNA were both I iM. 


to the A site. The binding constants listed in Table 1 demon- 
strate that AcPhe-tRNA has a 20-fold higher affinity for the P 
site than for the A site in our experimental conditions. Thus, the 
PP-tRNA should move from the A to the P site, as soon as the P 
site is freed from the deacylated tRNA by the action of EF- 
G: GTP. However, this experiment does not show how PP- 
tRNA carries along the mRNA in the form of a PP- 
tRNA > mRNA complex*”. 

Translocation requires the loosening of the 
ribosome - mRNA association and at the same time the tighten- 
ing of the PP-tRNA : mRNA complex. The influence of the 
tRNA located in the P site on the stability of the association 
between mRNA and 70S ribosomes was determined quan- 
titatively by the apparent binding constants of oligonucleotides 
to the ribosome’”. The data in Table 2 show that the presence of 
two tRNAs increases the binding constants of the mRNA to the 
ribosome by a factor of more than 300. With only one tRNA 
present the affinity is increased 6-70-fold depending on the type 
of tRNA. The results shown in Fig. 1b support this finding. 





Table 1 Apparent binding constants of PP-tRNA to the A and P sites 
of programmed 70S ribosomes 


Kass Bindin g 
Complex (M~?) Stoichiometry site 
708 - Ug- tRNAT* e 2 A, P 
70S: Us: AcPhe-tRNA™  3.5x10° 1 P 
708- Ug: Phe-tRNA - EF- 
Tu - GMPPCP 6.6x 10° i A 
70S. AUGU,;- tRNA": 
AcPhe-tRNA 1.8 10° 1 A 





Oligouridylates were prepared with polynucleotide phosphorylase 
and separated according to chain length by DEAE-cellulose chromato- 
graphy. Phe-tRNA was acetylated with acetic anhydride (AcPhe-tRNA 
~90%). The association constants were calculated from the extent of 
binding as taken from Fig. 2 at 8 mM Mg’~. Within the ternary complex 
Phe-tRNA EF-Tu- GTP, GTP was replaced by the non-cleavable 
GMPPCP to guarantee a stoichiometric action of the elongation factor. 
Ka refers to binding of the underlined component to the ribosome. 








Table 2 Effect of the chain length and of cognate tRNAs on the 
formation of the 70S- AUGU; complex 





No. of 
K ass binding 

Complex tRNA present (M?) sites 
708 - AUGU; 6.8 10° 1.3 
70S- AUGUs 8.7 x 10° 1.3 
70S: AUGU}; 9,3 x107 1.4 
708 -AUGU; tRNAM* 46x107 1.0 
708 AUGU, tRNA M“ 3.9« 10° 1.0 
708 - AUGU, tRNA?" 4.1 10° 1.2 
708 - AUGU, tRNAM* tRNAPRE 2.2x 10° 1.1 
70S- AUGU}; tRNA M tRNAP™ 22x108 1.1 





The association constants as measured by equilibrium dialysis were 
derived from a Scatchard plot for 10 concentrations each. The reaction 
mixture contained in 100 pi (one dialysis chamber): 50 mM Tris-HCl 
pH 7.5, 150mM NH,Cl, 20mMMgCh, 10mM mercaptoethanol, 
20 pmol 70S ribosomes, 150 pmol of the respective tRNA(s) and 10- 
500 pmol AUGU, (specific activity 300-1,100 Ci mol`’). The second 
dialysis chamber contained only the buffer. Equilibrium was obtained at 
4°C after 8h. The standard error of K,,, was calculated to be +10%. 
The chain length of the oligonucleotides—hexanucleotide to hexade- 
canucleotide—has little effect on the association constant compared 
with the presence of cognate tRNAs. 


Table 3 Effect of the peptidyl moiety on the stability of the 
oligonuclectide - tRNA or ribosome oligonucleotide - tRNA complex 


Oligonucleotide tRNA Ribosome Kass (M~') 
AUG tRNAM* ~ 44x10 
fMet-tRNA r 1.2x10* 

AUGA tRNA MS = 4.0x 104 
fMet-tRNAM* m 1.2x10* 

UUC tRNA? — 1.7x 10° 
Phe-tRNA z 1.5x10° 

AcPhe-tRNAPP* j 1.1x 10° 

tRNAP™ 4 6.3 x 10° 

AcPhe-tRNA®™ + 9.5x 10° 

UUCA tRNA? ~ 3.2x10* 
Phe-tRNA = 3.3x 10° 

AcPhe-tRNA’’® ~ 1.9 10° 

tRNA? + 2.3x 10° 

AcPhe-tRNA?* + 1.8107 


Binding constants were determined by equilibrium dialysis as 
described. With Phe-tRNA the pH was lowered to 6.0 to avoid deacyl- 
ation of the Phe-tRNA during the 8-h incubation period. In a separate 
experiment it was shown that the association constant for the oligo- 
nucleotide-tRNA complex remains constant over pH 5.5-8.0. In addi- 
tion to trinucleotides, tetranucleotides were used for these studies 
because of their increased affinity for tRNA. 


Release of tRNA™ from the ribosome by EF-G - GTP simul- 
taneously destabilizes the ribosome : mRNA complex. Both 
experiments demonstrate that the EF-G- GTP-dependent 
removal of the rRNA from the ribosomal P site results in a 
loosening of the ribosome~mRNA association, thus predispos- 
ing the mRNA to translocation. 

The effect of the tRNA’s peptidyl moiety on the stability of 
the codon-—anticodon complex was measured by comparing the 
association constants of cognate oligonucleotides (Table 3) with 
PP-tRNA, AA-tRNA and deacylated tRNA. With both tRNA 
species examined, the association constants between PP-tRNA 
and the codon were 5-20-fold higher than those of either the 
AA-tRNA or the deacylated tRNA. A similar effect of the 
peptidy] group is found in the ternary complex, 
708 -UUC- AcPhe-tRNA (ref. 9). 

Thus, transfer of the peptidyl moiety from the tRNA in the P 
site to the AA-tRNA placed in the A site, and consequent 
removal of the deacylated tRNA from the P site, result in 
PP-tRNA in the A site, and an empty P site. This PP-tRNA, 
however, has a higher affinity for the P site, and the peptidyl 
moiety induces a structural change within the tRNA which 
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increases the stability of codon-anticodon interaction 5-20- 
fold. The mRNA is held in the ribosomal complex primarily by 
binding to the tRNA, and so translocation may be regarded as a 
shift of the PP-tRNA - mRNA from its site of low affinity to that 
of high affinity’®. Given the relevant binding constants the shift 
of the PP-tRNA to the P site should occur to only 95%: 
however, it is driven to irreversibility by the binding of the 
ternary complex AA-tRNA - EF-Tu : GTP to the vacant A site. 

The main function of the ribosome could be to provide the 
specific binding sites for the components necessary for peptide 
bond formation and to form a cavity which prevents dilution of 
the PP-tRNA and the mRNA during translocation. Mechanical 
movement is explained as a diffusion from a low- to a high- 
affinity binding site. The continuous shift in one direction is 
guaranteed by the consecutive irreversible GTP hydrolysis. 
Conformational transitions of the ribosome do not seem to be 
necessary for this mechanism. 

We thank Dr W. Hillen for critical reading of the manuscript 
and Mrs E. Ronnfeldt for help in preparing the manuscript. The 
work was supported by grants from the Deutsche Forschungs- 
gemeinschaft and the Fonds der Chemischen Industrie. 
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Both experimental and theoretical techniques’ for the study of 
the internal dynamics of globular proteins are being used to 
delineate the highly varied motional phenomena that can occur 
and to relate them to specific protein functions. The method of 
molecular dynamics has been shown to be a powerful theoretical 
tool for probing the internal motions on a subnanosecond time 
scale’, Previous calculations have, however, been restricted to 
a protein molecule in vacuum. To determine the effect of the 
environment on the dynamics, a protein in solution has been 
simulated with a simplified solvent model and the results 
compared with those obtained in vacuum and in a static crystal- 
line environment. We report here that the presence of solvent, 
which results in a time-average structure closer to the native 
structure than the vacuum simulation, produces small alter- 
ations in the magnitudes and some changes in the decay times of 
the fluctuations in the interior of the protein; for surface resi- 
dues, both the magnitude and the time course of the motions are 
altered significantly by the solvent. 

The protein used, bovine pancreatic trysin inhibitor (PTD, 
consists of 454 heavy atoms. (In the calculations, the hydrogen 
atoms were incorporated in the heavy atoms to which they are 
bound.) There are also four internally hydrogen-bonded water 
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molecules. The empirical potential function (see refs 4, 8,9) 
used to obtain the forces on the atoms censists of a sum of terms 
associated with bond lengths, bond angles, dihedral angles, 
out-of-plane displacement angles, hydrogen bonds, and non- 
bonded van der Waals’ and electrostatic interactions. 

To introduce the solvent environment, one PTI molecule was 
placed in a box with 2,647 solvent atoms and periodic boundary 
conditions were applied to the system". As the size of the box 
was such that there were at least four shells of solvent atoms 
between the protein under study and any image protein atoms, 
no interactions between the protein and its images were 
included; the system thus simulated a dilute solution. The 
solvent was made up of spherical van der Waals’ atoms with 
mass, density and Lennard Jones parameters corresponding to 
those of a standard water model’"; interactions between the 
solvent and protein atoms were obtained from combination 
rules**°, Although the solvent particles do not have the direc- 
tional properties of water molecules because of the absence of 
hydrogen-bonding interactions, they reproduce certain 
important solvent properties, including the generalized attrac- 
tive interaction with the protein atoms, and the expected 
excluded volume, brownian random force and frictional 
damping effects. 

The classical equations of motion for the protein and solvent 
atoms were integrated to obtain the positions and velocities.as.a 
function of timet”. To simulate the behaviour of the native 
protein at equilibrium at a given temperature, the integration 
was started with the protein having a geometry derived from the 
X-ray structure’’ by energy minimization and the equations of 
motion were solved for an equilibration period before the part of 
the trajectory used for analysis. The motions of all the protein 
and solvent atoms were included explicitly in the molecular 
dynamics simulation, which consisted of 8 ps of equilibration at 
300 K and a 25-ps run for analysis. The vacuum simulation with 
which the solvent run was compared used an isolated protein 
molecule that was equilibrated for 15 ps at 300K; the analysis 
part of the trajectory covered 25 ps. The vacuum and solvent 
runs were also compared with a simulation of one PTI molecule 
in the presence of the fixed force field originating from the 
neighbouring protein atoms in a PTI protein crystal, but 
without solvent atoms; the equilibration period at 300K was 
15 ps and the analysis time was 25 ps. 

To reduce the cost of the solvent run, ñxed bond lengths were 
introduced into the protein model for the dynamical simulation 
using the SHAKE algorithm’*’*; this permitted a fourfold 
increase in the integration step size’. Detailed comparisons of a 
range of equilibrium and dynamic properties of PTI with and 
without bond length constraints have revealed no significant 
differences’. The high-frequency low-amplitude bond-length 
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Fig. 1 Difference between the PTI calculated time-average 

atomic positions and the X-ray values for the C° atoms: a, in 

vacuo, b, in van der Waals’ solvent; c, in static crystal environment 
{no solvent). 
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fluctuations are only weakly coupled to the other degrees of 
freedom of the molecule. By contrast, a parallel simulation in 
which both the bond lengths and the bond angles were con- 
strained demonstrated that the dynamics of the molecule were 
severaly altered. The magnitude of the fluctuations of the atom 
positions and dihedral angles were reduced by a factor of two 
and dihedral angle transitions from one minimum to another 
were ecsentially eliminated. Because of the dense packing of the 
protein interior, the small bond-angle fluctuations (+4°) have an 
essential role in the motions involving other degrees of freedom. 
Corresponding effects of bond-angle relaxation have been 
found in static energy minimizations’*, reaction path deter- 
minations'® and entropy estimates’®. 

An important effect of the presence of solvent is that the 
average dynamical structure is significantly closer to the X-ray 
result’! than that obtained from the vacuum simulation. In the 
solvent run the r.m.s. deviations from the X-ray structure for the 
a-carbons and all atoms were 1.35 and 1.94 A, respectively, 
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Fig. 2 The r.m.s. positional fluctuations for the PTI side-chain 

atoms averaged over each residue: a, in vacuo; b, in van der Waals’ 

solvent; c, in static crystal environment (no solvent); and d, derived 
from X-ray temperature factors (see text). 


compared with 2.20 and 3.02 A in the vacuum run. Figure 1 
shows the C* r.m.s. deviations from the X-ray value for the two 
runs as a function of residue number; in the solvent run, the C* 
positions were improved throughout the molecule, although the 
largest difference occured for the external loop region (residues 
25-29) and the ends of the chain. This effect was due in part to 
the external field produced by the solvent atoms, which balances 
the internal van der Waals’ attraction and results in a more 
correct mean packing density and overall shape (for example, 
the atom number densities obtained in vacuum, in solution, and 
from the X-ray structure were 0.069, 0.063 and 0.060 Å, 
respectively), and in part, as for the loop region, to the solvation 
of exposed parts of the molecule, which counteracts their 
tendency to fold back on to the protein, as found in the vacuum 
simulation. For the crystal run, the average structure was also 
closer to the X-ray value, with the C* and all-atoms r.m.s. 
deviations being equal to 1.52 and 2.12 A, respectively. In this 
case, specific interactions with the fixed crystal neighbours 
prevented distortions of the dynamic average structure that 
occured in the vacuum simulation. 


The magnitude of the r.m.s. fluctuations of the interior protein 
atoms was little altered by the environment; for example, for the 
average of the main-chain atoms (N, C°, C, O) the same magni- 
tude (0.55 A) was obtained in vacuum, in the presence of solvent 
and in the crystal. The main-chain dihedral-angle fluctuations 
were unaffected. Along a side chain, the solvent run values 
increased rather more rapidly than those obtained in vacuum. 
Thus for the C*, C®, C” and C* carbons, the solvated values were 
0.54, 0.69, 0.89 and 1.15 A, respectively, while those in vacuum 
were 0.54, 0.62, 0.74 and 0.78 K This is primarily a reflection of 
the fact that atoms further from the main chain have a greater 
probability of being exposed to solvent. The r.m.s. fluctuations 
of the side chains (atom fluctuations averaged over each side 
chain) are plotted in Fig. 2 as a function of residue number for 
the vacuum, solvent and crystal simulations, and are compared 
with values obtained from the experimental temperature factors 
(J. O. Deisenhofer, private communication) by the relation 
(Ary = (3B/87°)'?; no static disorder correction has been 
included in the experimental results'”** thus only the relative 
values are of interest. There is a good correlation between the 
solvated dynamics and X-ray values, the agreement is better 
than in the vacuum run. Furthermore, certain differences 
between the solvated and X-ray results can be explained by the 
side-chain environment: for example, Arg 39 and Glu 49, which 
are hydrogen-bonded to each other in the crystal’’ and so are 
confined in a steep potential well, have very small experimental 
r.m.s. fluctuations. This was found for the crystal simulation but 
not in the solvated or vacuum run, where there are no such 
specific interactions. 

Examination of the time course of the fluctuations shows that 
there were significant changes between the solvent and vacuum 
runs, with the crystal environment resembling the vacuum 
results except for the residues that interact with neighbouring 
protein molecules. The exterior side chains, both for the atom 
and dihedral angle fluctuations, showed considerable solvent 
damping; motion was more diffusive in the presence of solvent 
and relaxation times were increased. For the protein interior, 
the solvent effect on the time course of the motions was smaller 
than at the surface. However, even away from the surface there 
did seem to be some change (up to a factor of two) in the 
relaxation times of the positional fluctuations; the details of this 
solvent damping and its relation to the protein structure are 
being investigated by S. Swaminathan and ourselves. 

The results of this first molecular dynamics simulation of a 
protein in solution support the general validity of the vacuum 
results for the motional behaviour in the protein interior. The 
primary effect of the solvent seems to be to stabilize an average 
structure closer to the native one. However, there are also 
dynamic effects; of interest is a damping of the positional 
fluctuation relaxation times for surface and some interior atoms. 
This suggests that it would be worthwhile to extend the present 
calculations by introducing a more complete representation of 
the aqueous solvent and the crystal environment. 
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Neutrinos of non-zero mass 

in Friedmann universes 

AN interesting comparison of indepen- 
dent methods for calculating the age of the 
Universe was proposed by Symbalisty ef 
al.’ to obtain a consistent age limit for the 
Universe in the range 


13.8 Gyr = Ty = 24 Gyr (1) 


This has prompted us to make some 
further applications by using these data to 
impose stringent limits on the mass of light 
(<1 MeV) neutrinos in Friedmann uni- 
verses. 

Cosmological arguments have been 
effectively’ used to set upper limits on 
neutrino masses using the values of the 
Hubble constant, Ho, and the deceleration 
parameter, qo, in a universe uniformly 
populated with neutrinos. We obtain here 
such limits with the help of the data pro- 
vided by Symbalisty et al. without any 
recourse to the values of the cosmological 
parameters Ho, qo, which are in any case 
very uncertain. 

In Friedmann models the present age 
Ty of the Universe is given by? 


Ty = Ho'f (qo); (2) 


where f{qo) is a monotonically decreasing 
function of qo, attaining its maximum 
value at unity when qo approaches zero 
and tending to zero as gq») becomes 
infinitely large. Now, Einstein’s equations 
relate the measurable quantities Ho, qo 
and the present mass density po of the 
Universe by the equation 


3H éGo 
4nG 
This enables us to write 


ie 3 i ae 
Tu = (ax) 4 fido) (4) 


Let us now consider a situation at the 
present epoch where we can specify the 
mass density of the Universe and treat qo 
as a parameter. It can be easily demon- 
strated that the function qé/7f(qo) 
increases monotonically, approaching a 
maximum of 7/2°” as qo tends to infinity. 
Thus, the maximum possible age, Tnax, for 
closed Friedmann models (qo >3) is given 
by 


Po > (3) 





ae 4 1/2 
Tier =7(———} 5 
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and for open models (0 < qo <3), we have 
] 1/2 
Taz =(——} 6 


With the input of ages from Symbalisty et 
al, or from any considerations like 
nucleocosmochronometry, equations (5) 
and (6) can be used to obtain upper 
bounds on neutrino masses. Given the 
present age, Ty, the requirement Tu= 
Tmax Provides maximum possible mass 
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density po for closed and open models. Let 
us consider neutrinos and antineutrinos of 
electron, muon and tau type, each having 
the same mass m. The present number 
density, a,,(0) of relic neutrinos and 
antineutrinos of type i =110 cm. Then 
for a typical age of 14 x 10° Myr the upper 
bounds on the neutrino mass will be 
38.70 eV and 6.92 eV for closed and open 
models, respectively. For the age of 20 x 
10°Myr the same numbers will be 
18.91 eV and 3.38 eV. 

It is readily seen that the data on the age 
of the Universe place fairly tight limits on 
neutrino masses. The recent experimental 
limits“ give neutrino masses of the order of 
a few electron volts, although the Russian 
experiment’ reports them to be in the 
range 14—46 eV. Our results indicate that 
neutrino masses of the order of several 
tens of electron volts appear inconsistent 
with the lower limit on the age implied by 
nucleocosmochronometry. Again the 
experimental measurement of neutrino 
mass 214eV is not accommodated in 
standard open models. Thus, if the neu- 
trinos were to have mass of a few tens of 
electron volts, the data on the age suggest 
that neutrinos would dominate the mass of 
the Universe, leading to its closure” 
Further details and some more appli- 
cations of these results will be published 
elsewhere’. 
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Recent '°C/'*C trends in 
atmospheric CQ, and tree rings 


FRANCEY’s' °C/'°C record in tree rings 
from seven Tasmanian trees shows no 
systematic decrease. Such a decrease 
would be expected due to the dilution of 
the atmospheric CO, pool by ?C/?C 
deficient CO, released by fossil fuel 


combustion and forest clearing. Frane 
therefore questions the interpre 
°C/C tree ring records in terms ò al o- 
bal CO, behaviour. H 
Measurements of more than 30 trees 
from the Northern Hemisphere published 
elsewhere”? show, however, a systematic 
decrease of the acy HC ratio in tree rings 
over the second half of the past centi 
(measurements cf eight trees over this 
period) and the first quarter of this 
century, followed by some increase of the 
ratio between 1920 and 1960. From about 
1960 to 1975 a further decrease of the 
8C/"C ratio is observed in cur more 
extensive tree-ring record’ from 
measurements on 22 free-standing trees 
of different Northern Hemisphere origin 
(see Fig. 1). This decrease in mean 9. 
SC/"C tree-ring data compares favour- 
ably with the ‘°C/'*C decrease in atmos- 
pheric CO, between 1956 and 1978 
determined directly by Keeling eral Y, 
Such a decrease is also found in 
measurements or Southern Hemisphere 
trees, for example one Brazilian tree 
determined by Rebello and Wagener”, 
Consequently, from a mean record cal- 
culation using all published tree-ring data 
I conclude that the °C/"C ratio in 
modern wood has decreased 
significantly'*. In fact, Pearman et al 57 
obtained a “C/"C trend on three 
Tasmanian trees consistent with trends of 
some other records, which they explained 
as climatic implications. These three trees 
are included in the seven trees used by 
Francey? and now demonstrate the 
absence of any C/C trend in tree rings. 
Five of the Tasmanian trees were from a 
rain forest. Foresttrees may not reflect the 
change in the '°C/'°C ratio of atmospheric 
CO, because of canopy effects and partial 
uptake of soil respiration CO... The 
“C/"C ratio im the latter would be 
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Fig.1 6°°C decrease in tree rings derived from 
about 22. trees of Nerthern Hemisphere. ori igin., 
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delayed considerably relative to that of 

global atmospheric CO, owing to the long 

time constant of carbon turnover in 

forests. The difficulty in obtaining a 

representative '*C/'*C record from forest 

trees is demonstrated by a comparison of 

measurements over the past 500 yr on a 

set of forest trees with those on a set of 

free-standing well-isolated trees’”’®. 

While forest trees show large non-syste- 

matic fluctuations in the “C/'’C ratio 

over the 500 yr, the °C/'’C record for the 
free-standing trees shows smaller varia- 
tions which can be correlated to climatic 
changes. Since industrialization, which 
began in 1850, the **C/'*C record for the 

free-standing trees is dominated by a 

systematic decrease, which agrees with my 

previous record’”. 

Although the global atmospheric 
°C/C information in tree rings is often 
masked by a scatter which depends on 
local physical as well as climatological 
processes“, it is, nevertheless, possible to 
infer past '°C/'’C ratios of atmospheric 
CO,, if a larger number of free-standing 
trees from various parts of the world are 
measured, and due regard is given to 
parameters which influence the growth of 
a tree ring. 
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FRANCEY REPLIES—Freyer suggests 
that the Tasmanian '“C/'*C_ tree-ring 
results’ do not constitute grounds for 
doubting the interpretation of his own 
(mostly Northern Hemisphere) data’, in 
terms of global atmospheric CO, 
behaviour. In my view the Tasmanian 
4C/"C records are only one of several 
factors which question, but do not neces- 
sarily invalidate, Freyer’s interpretation. 

First, I have reservations concerning the 
selection and combination of data used in 
Freyer’s mean Ad'°C curve (Fig. 5 of ref. 
2), with its large 2% decrease over the 
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1800-1970 period. The rejection criteria 
are essentially post hoc, and favour the 


removal of positive 5'°C trends. Specific 
examples are the quite arbitrary rejection 
of an 1850-95 section of the 6'°C record 
from one of our trees*, the post hoc 
decisions on duration of ‘youth effects’ 
and the arbitrary rejection of large posi- 
tive §'*C excursions in the two of his trees 
for which full isotope data are given. The 
normalization and explanation of 
‘polluted’ and ‘unpolluted’ 6'°C records 
in Eifel trees* are essentially post hoc, and 
do not exclude other interpretations. 

Freyer supports his present case with 
results from Farmer’ and Tans and 
Mook, amongst others. There is a 
massive difference (for example, if trans- 
lated into an amount of CO, of biospheric 
origin which must be released into the 
atmosphere), between the 2% decrease 
from 1860 to 1970 of Freyer and the 
<0.24 changes in the results of these 
authors. 

The interpretation of the most recent 
20 yr of data presented by Freyer must be 
viewed in the context of the very large 
discrepancies over the previous 100- 
150 yr. However, over this very short time 
scale, the lack of trend in the Tasmanian 
results (10 yr blocks) is not firmly 
established and further analysis of recent 
wood may well reveal the sharply increas- 
ing fossil fuel contribution to atmospheric 
CO). 

Of major concern is the assumption that 
averaging data from a large number of 
trees will necessarily yield a record of 
atmospheric behaviour. That there are 
unexplained influences on "° in tree 
rings, large compared with anticipated 
fossil fuel effects’, is evident in Freyer's 
own trees™”. If increasing industrializa- 
tion, for example through rising CO, or 
other atmospheric pollutant levels, 
influences the process of fractionation in 
trees, then the assumption is invalid. Pre- 
vious interpretations’ suggest this possi- 
bility. Recent progress in understanding 
the mechanism of carbon isotope frac- 
tionation during photosynthesis suggests 
that anthropogenic influences on frac- 
tionation will occur on both local and 
global scales. This will be discussed else- 
where’. 

Freyer’s criticism of the Tasmanian 
data, relating to previous whole wood 
results and to forest canopy effects, are 
specifically addressed in my original 
paper’. The latter effects are discussed 
further elsewhere’. 

Although they have no bearing on the 
above discussion, this opportunity is taken 
to correct errors in Table 1'. The periods 
analysed for trees SC19 and BH858 
should read 1743-1972 and 1885-1978 
respectively. 

| R. J. FRANCEY 
CSIRO, Division of Atmospheric 
Physics, 
Aspendale, Victoria 3195, 
Australia 
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‘G, rate’ model of cell cycle—a 
realistic alternative 
to ‘transition probability’? 


RECENTLY, Castor’ questioned the 
exponentiality of some published ‘8 
curves’ (distributions of differences 
between sibling cell-cycle times) and 
argued that his ‘G, rate’ model provides a 
better description of cell-cycle kinetics 
than the transition probability model’. 

Regarding the form of 8 curves, the 
data examined by Castor (Fig. 1 of ref. 1) 
do not establish systematic deviation from 
an exponential. In fact, curve c (sample of 
107 pairs) is well described as an 
exponential, as are other published 
examples of comparable or greater sample 
size’. Of the other data used, two sets (a 
and d) have too small a sample size (37 
and 24 pairs, respectively) to permit any 
rigorous judgement. The last set (6), taken 
from Miyamoto et al.’, was obtained using 
a time-lapse interval of 1h, compared 
with the 1.5—6-min intervals we use. This 
would lead to considerable uncertainty in 
assigning generation times, a matter of 
particular importance for sibling pairs 
having small differences in cycle times. 
The data also show a large positive cor- 
relation between the cycle times of mother 
and daughter cells (r = 0.648) in contrast 
to our own published experiments where 
such measurements have been possible. 
(For example, both sets of CHO data 
used in ref. 2 had mother/daughter 
correlations that were not significantly 
different from zero; see also refs 5, 6.) 
We believe that large positive mother/ 
daughter correlations imply either clonal 
or local inhomogeneities in the culture 
environment; at any rate, we believe that 
such data ought not to be used to compare 
cell-cycle models unless these factors have 
been ruled out. 

We must also question the method used 
by Castor to estimate curvature and 
goodness of fit as the point chosen to 
assess curvature was selected arbitrarily 
following inspection of the data (Table 1 
of ref. 1). A small sample drawn from a 
true exponential distribution might well 
display curvature about some point on a 
log plot, even though the chance of 
obtaining such curvature about any pre- 
selected point is quite low. Thus, it is 
hardly surprising that the G; rate model, 
with parameters chosen to reproduce the 
shape of a particular small random 
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sample, should fit the sample better than 
the transition probability model. 

Whether the G, rate model provides a 
better description of cell-cycle kinetics 
than the transition probability model is 
partly a matter of personal preference. 
Certainly, it can match the experimental 
data. However, the G, rate model 
requires. six arbitrary parameters, the 
values of which are selected by trial and 
error using a computer. With this degree 
of flexibility, it would be surprising if the 
model could not be made to fit. In 
contrast, the two-transition modification 
of the transition probability model? 
describes observed distributions of cycle 
times using only three parameters, the 
values of which are not flexible but 
derived uniquely from measured cell- 
cycle statistics. It also explains the ob- 
served correlation between sibling 
generation times, the lag which follows 
mitogenic stimulation, and the similarity 
of this lag to the minimum generation time 
of rapidly proliferating cells—unlike any 
other model we know of. 

We also find the G, rate model to be 
biologically implausible. Because the 
overall G, rate for a cell is not simply the 
average of the rates at different ‘points’ in 
G,, an inverse normal distribution of G, 
times implies one of two things: either that 
each cell must maintain an invariant rate 
of progress through G,, the individual 
rates being normally distributed, or, if G, 
is considered to consist of several ‘steps’, 
that the rates of each must be perfectly 
correlated with the rate of the initial step, 
this being normally distributed in the 
population (that is, non-independent 
variance between steps). In either case, 
the G, rate must effectively be predeter- 
mined at birth. Furthermore, for those 
cases where there is no mother/daughter 
correlation, the G, rate must be reset at 
random for each generation. The problem 
then is to explain how the G, rate can vary 
between cells while at the same time being 
predetermined at the start of G,. We 
cannot think of any mechanism that could 
achieve this. In particular, we cannot see 
how such things as RNA content or pro- 
tein synthetic capacity could be respon- 
sible (as suggested by Castor’) as they do 
not remain constant during G,. 

Regardless of mechanism, the basic 
contention of the G, rate model is that 
variation in cycle times arises from an 
underlying Gaussian distribution, that is, 
the summation of many random variables. 
The ‘attraction’ of this is that it allows 
cycle variability to be ignored, or at least 
relegated as being unimportant. In 
contrast, the modified transition prob- 
ability model asserts that variation is 
inherent to the cell cycle because two 
critical events occur with low probability”. 
Whether the latter viewpoint is eventually 
vindicated depends on whether the hypo- 
thetical transitions can be ascribed to real 
biological events, and this will not be 
possible by kinetics alone. However, the 


parallels between the two-transition 
model and the biogenesis of mitotic 
centres may prove helpful’. 
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CASTOR REPLIES—In considering a 
mechanism for the G, rate model’, we can 
speculate that a cell requires a fixed quan- 
tity of a set of proteins before becoming 
committed to DNA synthesis, and that the 
rate of synthesis of these proteins is 
normally distributed. The random reset- 
ting in each generation of some propor- 
tion of the synthetic capacity may result 
from the disaggregation and reaggre- 
gation of polyribosomes at mitosis, or 
from different activities of nucleolar 
organizing regions in successive genera- 
tions” 

Mother /daughter correlation coef- 
ficients found in several cell popula- 
tions** are too high to be explained by 
experimental artefacts such as clonal 
heterogeneity or local inhomogeneities in 
the culture environment. A more likely 
explanation is that protein synthetic 
capacity is inherited to some extent from 
mother to daughter. Positive 
mother/daughter correlation can be 
obtained in computer simulations by 
combining cycle time data having different 
means. This procedure does not give any 
increase in 8 curvature. On the contrary, 
there is a slight decrease when data 
generated by the G, rate model are 
combined. With regard to the 1-h frame 
interval of the data of Miyamoto et alt, 
my simulations show that it yields the 
same 8 curvature as a frame interval of 
4 min, provided the time of the former is 
taken as the middle of the interval. This 
was done for both the experimental data 
and the simulation of curve b in ref. 1. 

The method used to determine the sta- 
tistical significance of the curvatures gives 
a quantitative measure of what can 
Otherwise be appreciated only from sub- 
jective comparisons of many successive 
simulations: in relatively few cases (200 of 
10,000 for data set a and 600 of 10,000 
for set b) does the transition probability 
model produce 8 curves that deviate as far 
from linearity as do some experimental 
data. Changing the midpoint of the cal- 
culation would affect these numbers 
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slightly, but it would not. invalids 
conclusion. In contrast to the linear ; 
curves generated by the transition prob- 
ability model, the G, rate model is consis- 
tent with both the slight downward curva- 
ture of sets a and b and the linearity 
(within sampling error) of sets e and d. | 

The ‘flexibility’ of the G; rate model 
arises because the means, variances and 
measures of sibling correlation in the G, 
phase and in the remainder of the cycle are: 
potentially independent entities. Fi 
parameters would be a conveniet 
for computation, but the number. of 
parameters does not determine whe ther 
a model realistically. describes — ‘the : 
mechanism of cycle control. A general- _ 
ization such as transition probability 
might eventually simplify the problem, 
but all reasonable alternatives must be 
excluded before it can be accepted. It is 
more likely that future models will be even: 
more complex. 

The derivation of the parameters of the 
transition probability model from the 
means, variances and correlation 
coefficients of the cell-cycle distributions, 
even using several ostensibly independent 
calculations”’ 
model. To argue that it does is to imply 
that a given distribution could have been 
derived from only one set of conditions. In 
formal logic this i is the fallacy of affirming 
the consequent”. The G, rate model 
generates differences in the cycle times of 
siblings that conform to an exponential 
distribution as accurately as do popu- 
lations of cells. It leads to the same means, 
variances and correlation coefficients as 
those measured for the cells, and there- 
fore to the same mathematical relation- 
ships, without any random transition: 

These considerations do not rule outa 
random transition as a possible explana- 
tion for cell-cycle control, The inability of 
the transition probability model to 
produce 8 curvature could be remedied 
by increasing its complexity by adding one 
or more parameters. Both models would 
then probably match all the kinetic data. 
As both models cannot possibly. provide 
the correct explanation for cycle control,it — 
is essential that further efforts be madeia i: i 
exclude one or both of them. 3 

LAROY N, CASTOR os 
Institute for Cancer Research, 
Fox Chase Cancer Center, 
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Endosperm cell number 
in barley 


COCHRANE AND DUFFUS' have pub- 
lished new and interesting information on 
the extent of the period of cell division 
during barley endosperm maturation. 
They express concern that published 
observations on the endosperm of 
wheat’ do not accord with their findings 
and offer three reasons why other workers 
detected a shorter period of cell division in 
that species. First they suggest that assays 
done on wheat used contaminated 
endosperms, but as no evidence is offered 
in support of this contention, one wonders 
to which studies this suggestion of 
incompetent dissection is addressed. And 
what of the studies which reached the 
conclusion that wheat endosperm 
divisions were completed by 16-20 days 
after anthesis and did not involve dis- 
section? 

Second they suggested that discrepan- 
cies between their own results (on barley) 
and those of others (on wheat) result from 
the latter having used strict chronological 
dating rather than their own subjective 
comparison system. Certainly this may 
contribute to differences but their extent 
may not be great because many workers 
elsewhere’ have been in remarkably 
close agreement as to the time when wheat 
endosperm cell division ceased. It seems 
illogical for Cochrane and Duffus to 
fashion from the finding of Sandstedt“ that 
cell divisions finished 16 days after 
anthesis in Nebraskan conditions, a cudgel 
with which to beat those who supported 
his conclusion from their observations on 
plants grown elsewhere*”*’*. And why do 
Cochrane and Duffus select Sandstedt’s 
result as being more reliable than those 
which they use it to invalidate, several of 
which’ were derived by similar tech- 
niques? 

The third reason offered by Cochrane 
and Duffus is that the aleurone in barley 
comprises three layers, whereas in wheat 
it is a single layer. This seems to be unex- 
ceptionable but perhaps it is more rele- 
vant to point out that barley has at least 
twice as many cells in its endosperm as 
wheat (barley 280,000’; wheat 70,000’, 
110,000°, 122,000-145,0007’). It is also 
pertinent to observe that at 16 days after 
anthesis barley endosperm’ comprises 
approximately the same number of cells as 
does wheat endosperm’ at maturity. 
Divisions occurring at the same rate in 


-both cereals would allow wheat endo- 


- sperm to achieve its full complement by 
day 16, 

It is tempting to construct a model ‘16- 
day endosperm’ representing final cell 
number in wheat but half the final number 
in barley. Values extracted from Radley’ 
(albeit from two separate experiments) 
suggest a 3:5 ratio between aleurone and 
starchy endosperm cells contributing to 
total cell number in mature wheat endo- 
sperm. Two further divisions of each 
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aleurone cell existing at this stage would 
produce a triple layer, as in barley, and 
almost double the total endosperm cell 
number. Such a model is consistent with 
Cochrane and Duffus’' observatvons on 
the changes in cell number in barley 
endosperm 16-30 days post anthesis. 
Thus, there are good reasons for accepting 
Cochrane and Duffus’ third explanation. 
However, they themselves seem to reject 
it in favour of the other two which, in their 
view, are compatible with the inference 
that they draw from Radley’s’” and 
Donovan’s'' publications. These do 
indeed provide evidence of prolonged cell 
divisions in wheat kernels, but Radley’s 
experiments were not intended to reflect 
normal field conditions and would 
certainly not conform to the dating system 
recommended by Cochrane and Duffus. 
Donovan’s conclusions, based on estima- 
tion of DNA at weekly intervals during 
kernel development, referred to whole 
grains. As Cochrane and Duffus observed, 
assays done on endosperms contaminated 
with other tissues can be misleading. 
Surely these authors are inconsistent in 
rejecting results obtained from what they 
consider to be contaminated endosperm, 
while espousing those obtained without 
any attempt having been made to remove 
surrounding and adjacent tissues and 
organs. Although the testa may be 
important in this context, it is likely that 
the embryo is far more so, for although 
data have not been published for wheat, it 
has been shown that in rye’* the embryo 
reaches its final number of nuclei (1.2 x 
10°) after a period of cell division lasting 
twice as long as the pre-differentiation 
stage of the aleurone. 
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COCHRANE AND DUFFUS REPLY— 
Evers failed to realize the significance of 
the work of Wardlaw’ and Hoshikawa’, 
who have shown that temperature affects 
the rate of endosperm cell division. 
Hoshikawa? has also shown that 
temperature does not affect the final 
endosperm cell number and that cell 
division in the endosperm ceases earlier in 
plants grown at higher temperatures than 
in those grown at lower temperatures. 
Thus a caryopsis harvested 16 days after 
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anthesis in Nebraska’ is at a more 
advanced stage of development than a 
caryopsis harvested 16 days after anthesis 
in England*. Evers’ reported that endo- 
sperm cell division ceased at 16 days 
because he considered that the ‘change in 
the appearance of the peripheral layer 
coincides with the conclusion of its meri- 
stematic function’, whereas Sandstedt? 
found that divisions continued in the cells 
of the peripheral layer for at least 16 days 
from anthesis, that is, for several days 
after they had differentiated into aleurone 
cells. Simmonds and Campbell” have 
made similar observations in rye. Evers’* 
photographs of transverse sections of 
wheat caryopses show that, between 16 
and 22 days, the diameters of the cells 
inside the aleurone have increased while 
those of the aleurone have not. If the 
photographs are of representative 
sections and the aleurone remained intact, 
then it seems that anticlinal divisions had 
occurred in the aleurone cells between 16 
and 22 days. Some anticlinal divisions are 
difficult to identify in transverse sections 
and so at this stage of development 
observations should be made on tangen- 
tial sections. 

The concept of a ‘16-day endosperm’ is 
untenable when considered in relation to 
environmental variation and to the varia- 
tion in endosperm cell number which 
exists between cultivars'®’. A calculation 
such as Evers has proposed could not take 
into account the increases in cell number 
due to anticlinal divisions in the aleurone 
layer. 

It was not our intention to deny the 
significance of the differences between 
wheat and barley. We were, however, 
concerned to draw attention to the dis- 
crepancies existing in the interpretation of 
the work on endosperm cell division in 
wheat, particularly regarding the effect of 
environment and the contribution of the 
aleurone to endosperm cell number. Small 
increases in endosperm cell number may 
prove to be important, not necessarily for 
their contribution to yield in normal field 
conditions, but as an indication of the 
capacity of the aleurone cells to divide and 
hence to respond to chemical treatment 
aimed at increasing endosperm cell 
number. 
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Ir is not often that economists and natural 
scientists succeed in working together. 
Even in a field of inquiry such as energy, 
where issues and problems clearly extend 
across conventional subject boundaries, it 
is hard to achieve a meeting of minds. 
Hence genuinely collaborative work, as 
distinct from separate essays or chapters 
that are placed side by side, is a rather rare 
event. This volume, written by a team from 
the Energy Research Group at the Caven- 
dish Laboratory in Cambridge, provides 
welcome evidence that close and effective 
collaboration is possible. 

The intention of the authors is — to 
quote from the preface — ‘‘to bring 
students, and an informed public outside 
the universities, towards the frontiers of 
knowledge in a complex of inter-related 
disciplines’’. Thus the book tries to bring 
together different aspects of energy — in 
particular, economic and technical aspects 
—- in a unified and self-contained treat- 
ment, designed for a wide and non- 
specialized readership. 

How far have the Cambridge team 
succeeded in their aim? As to presentation, 
the results are impressive. Multiple author- 
ship, especially when different disciplines 
are involved, is not easy to combine with a 
treatment which is both readable and con- 
sistent. All too often, either individual 
contributions fail to make up a coherent 
whole, or a heavy editorial hand imposes 
cohesion at the price of extreme dullness. 
Both of these dangers are avoided here. 
Collective responsibility is emphasized, so 
much so that the names of individual 
authors are not attached to chapters or 
sections, and the book forms a unity. At 
the same time, the argument and support- 
ing evidence are set out in a lucid and gener- 
ally interesting way, and in the concluding 
chapters especially, the style is brisk and 
effective. All this is a considerable 
achievement. 

When it comes to content, there is more 
room for doubt. The argument is set out 
under five headings: energy demand (two 
chapters with an introduction); supply 
factors (six extended chapters, comprising 
some 40 per cent of the text); the market for 
energy; the world energy outlook; and 
issues of energy policy. At each stage there 
is in effect a blend of information and 
analysis, the proportions varving accord- 
ing to the precise topic. The main unifying 
theme is that of the present world predica- 
ment. Energy data and choices are 
presented against the background of a 
complex and uncertain process of 
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Unravelling the energy iss 


P.D. Henderson 


Energy Economics: Growth, Resources 
and Policies. By Richard Eden, Michael 
Posner, Richard Bending, Edmund 
Crouch and Joe Stanislaw. Pp. 442. ISBN 
0-521-23685-1. (Cambridge University 
Press: 1981.) £19.50, $34.95. | 


transition, from dependence on low cost oil 
and gas to a more varied and costly regime. 
The chief role of energy policy is seen as 
being to manage this process, in such a way 
that disruption is avoided and general 
economic performance is not seriously 
impaired. 

This makes a reasonably coherent 
structure, and for the most part the treat- 
ment is both informative and judicious. At 
the same time, the book seems to me to 
suffer from a serious and pervasive weak- 
ness. Partly in what it does, but still more in 
what it fails to do, its handling of the 
economic aspects is unsatisfactory. — 

As to what is said, I found some of the 
economic sections superficial, and even 
misleading at a number of points. This 
applies to the treatment of external effects 
in Chapter 9, and to the whole of Chapter 
15, on energy and developing countries. 
Again, the chapters on policy, while stimu- 
lating and often very perceptive, suffer 
from an unduly restrictive conception of 
the scope of economic considerations, in 
which strategic and environmental aspects 
are treated as separate. They also contain 
some very dubious assertions about the 
role of markets in general, and of inter- 
national trade in particular. 

The omissions are more worrying. In 
particular, there is no systematic attempt to 
outline the economic analysis that is applic- 
able to energy questions, and to convey to 
the general reader the distinctive contri- 
bution of economic modes of thinking. 
This contribution is important, even 
fundamental, despite the obvious and 
depressing facts that economists know 
little about how economic systems work 
and find it hard to agree with one another. 
In energy, as in other spheres, the standard 
economic theory of resource allocation is 
useful not only in itself, but also and 
perhaps mainly because of what it dis- 
places. Most thinking about energy, even 
in quite exalted political, business and 
scientific circles, embodies a strong 
measure of what I call ‘do-it-yourself 
economics’’, in which the main ingredients 
are an oversimplified conception of choice, 
an umnreflecting acceptance of various 
mercantilist notions, and an excessive faith 









in the predictability and controllability of 
events. A book on energy economics which. 


fails to make this point, and which givesno 


adequate account of the standard theory 
and its uses, represents in my view a badly 
missed opportunity — an opportunity such 
as was brilliantly grasped, albeit in a 
different context, in Hitch and McKean’s  _ 
The Economics of Defense in the Nuclear 
Age (1960). : Enon 
The consequences of this omissio 
extend to the treatment of policy. Actual 
energy policies are often strongly influ- 
enced by dubious forms of economi: 
reasoning, and this helps to explain not 
only some past mistakes but also the fre- 
quent failure of those concerned to learn 
from experience: British nuclear power 
programmes provide a depressing 
example. Such things pass unnoticed here 
(and incidentally but significantly, Duncan 
Burn’s perceptive studies of nuclear power 
in Britain are not listed in the 
bibliography). In this respect the dis- 
cussion of policy issues, though in general 
informed and sophisticated, has a certain 
unwitting innocence. The evidence of 
history has not been used to good effect. 
Energy Economics is a useful and in 
many ways impressive book, and an 
encouraging instance of interdisciplinary 
teamwork. But unfortunately, it does not 
fully make good the claim implied in its 


f 
f 


title. a 


P.D. Henderson is a Professor in the Depari- 
ment of Political Economy at University 
College, University af London. 


Tunnelling particles 
Rudolph A. Marcus 


The Tunnel Effect in Chemistry. By 
R.P. Bell. Pp.222. ISBN 0-412-21340-0. 
(Chapman and Hail: 1980.) £17, $39.95. 


IN this small, tightly-written volume, 
Professor Bell describes in detail almost 
every aspect of the tunnelling of protons, 
atoms and molecules. Tunnelling, a 
phenomenon which is impossible in 
Newton’s world of classical mechanics, is 
associated with a particle’s wave-like 
behaviour, first recognized in the 1920s. 
The author begins with a succinct 
description of the quantum mechanical 
origins of the tunne’ling effect, considering 
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s iis optical analogue ad giving. 

- nitude both for a number of well-known 
potential energy barriers to tunnelling and 
for the Wentzel--Kramers--Brillouin 
approximation to the problem. The 
influences of tunnelling on the parameters 
of an Arrhenius plot and on isotope effects 
in reactions are described, together with 
criteria for tunnelling. Professor Bell gives 
a clear synopsis of our understanding of 
these topics and discusses the relative 
importance of the effects of zero point 
energy and of tunnelling on the rate con- 
stant. Additionally, there is a brief account 
of the problem of curvature of the reaction 
path and of the means by which its effect on 
tunnelling may be treated. 

Also included are consideration of the 
theories of proton transfer reactions 
proposed by Dogonadze and co-workers, 
and myself — with careful evaluation of 
these ideas in terms of experiment — and of 
the observed effects of polar and nonpolar 
solvents on the isotope effect. In the 
following detailed review of the evidence 
for tunnelling in chemical reactions based 
on abnormally large isotopic effects, 
Professor Bell gives some due precaution- 
ary remarks on special nontunnelling cases 
where abnormal effects can occur. 

Most systems covered in the book 
involve a concerted internal motion in 
which the tunnelling is largely that of 
hydrogen atoms or protons, but examples 
of systems involving tunnelling of heavier 


| ‘masses, such as s CH,O or CO, are given 


appropriately using as evidence the tem- 
perature-independent reaction rate at very 
low temperatures (~ 4°K). While 
prominence has understandably been given 
to tunnelling in chemical reactions, the 
influence of tunnelling on molecular 
spectra is covered, with an interesting 
assortment of examples, including 
rotational predissociation, inversion 
doubling and hindered rotation. 

A surprisingly large number of topics 
have been packed into the 200 or so pages 
of the book, and the instances in which 
some aspect of atom or proton tunnelling 
has not been covered are rare. Perhaps the 
most important omission is that there is no 
mention of radiationless transitions. Here, 
the ‘‘energy gap law” of Siebrand for 
triplet to ground state singlet decay rates in 
aromatic hydrocarbons (and for other 
transitions in other systems) has its origin 
in small Franck—Condon factors and, 
thereby, via semiclassical (WKB) 
arguments, in tunnelling of the atoms. 

However, there is so much broad infor- 
mation made readily available in this 
volume that any such omissions are, 
indeed, to the author’s credit, almost ‘‘of 


pr 


measure zero’! oO 


Rudolph A. Marcus is Arthur Amos Noyes 
Professor of Chemistry at the California 
Institute of Technology, Pasadena. 


Fluid membranes and cell function 


Gordon Koch 


Membranes and Intercellular Com- 
munication. Les Houches, Session 
XXXIII, 1979, Edited by Roger Balian et 
al. Pp.500. ISBN 0-444-85469-X. (North- 
Holland: 1981.) $122, Dfl.250. 


ABOUT ten years ago the development of 
the concepts of fluidity, lateral diffusion 
and integral proteins initiated what might 
be called modern membrane biology. 
Irrespective of one’s views on the 
apportioning of credit, the integration of 
the various developments into the fluid 
mosaic model provided the basic 
framework within which the multitudinous 
properties of membranes have been 
examined. Fortunately, ten years on, after 
much intensive examination, the 
foundations of the model remain secure. 
One of the merits of this book is that the 
first part, dedicated to assessing the current 
status of these, succeeds in bringing one 
fairly well up to date with some readable 
articles on subjects such as lateral diffusion 
and integral membrane proteins. 
However, the main subject of the 
symposium upon which the book was 
‘based was to relate what is known about 
the physiochemical properties of 





membranes to some rather complex 
membrane-dependent phenomena, such as 
immunological recognition, hormone 
action and synaptic transmission. Was this 
an over-ambitious exercise? Not 
necessarily, considering some of the views 
on plasma membranes which have 
prevailed since the introduction of the fluid 
mosaic model. In particular, the concepts 
of fluidity and the mobility of membrane 
components have dominated our thinking 
about plasma membranes over the past 
decade, to the extent that some models for 
membrane processes such as the capping 
phenomenon, have actually assumed that 
all membrane components are diffusing at 
rates close to their theoretical maxima. If 
this is true, the plasma membrane must 
closely approximate to an ideal solution, 
the general implication of which is that its 
properties should be definable by its 
composition. Such a situation is, of course, 
extremely encouraging for those interested 
in determining the molecular mechanisms 
of membrane phenomena, since the 
analysis of composition is, in principle, 
easier than that of configuration and 


interaction. A practical consequence of 


unfettered fluidity is that membranes can 


be treated as autonomous organelles, and 


isolated and analysed without com- 
promising the relevance of such studies to 
their functions in living cells. Thus at the 
time the symposium was proposed, the 
prospects for relating membrane structure 
to function must have seemed good. 

And yet, as this book illustrates, perhaps 
inadvertently, in spite of considerable 
advances in our understanding of the 
nature of plasma membranes and the 
phenomenology of membrane-dependent 
processes, the molecular basis of many 
such phenomena remains obscure. One 
factor is the lack of information on the 
molecules actually involved in many of the 
functions mediated by natural membranes. 
But perhaps a major contributing element 
has been the over-emphasis on the 
independence of membranes from the rest 
of the cell. The idea that membrane 
components, particularly the proteins, are 
not fully independent has been suggested 
by observations such as their slow rates of 
diffusion, and a tendency to accumulate in 
specialized regions of the plasma 
membrane, such as microprojections, 
coated pits, viral assembly sites and caps. 
As someone once said, ‘Membranes may 
not be as rigidly fluid as once believed’! 
There is mounting evidence that the 
restricted mobility of some membrane 
components and their localization at 
particular sites is not necessarily a process 
of self-assembly, but that cytoplasmic 
structures such as microfilaments, viral 
matrix proteins and clathrin coats interact 
with the membrane components to restrain 
their intrinsic mobility. The implication is 
that to understand the molecular basis of 
such membrane-dependent phenomena 
requires an examination of both the 
membrane itself as well as the cytoplasmic 
elements involved. Particularly worrying is 
the fact that studies on model systems or 
even isolated membranes may often be 
inappropriate. 

Thus, the apparent lack of cohesion 
between the two halves of this book cannot 
be blamed entirely on editorial judgement. 
Admittedly, the choice of subjects within 
the concept of intercellular recognition is a 
little arbitrary, but one has to accept that, 
in general, the subjects have not advanced 
sufficiently to generate a more coherent 
picture. In fact, as an assessment of the 
current state of membrane biology, the 
book has many virtues. Articles on such 
subjects as integral membrane proteins 
(Henderson), glycoproteins (Sharon) and 
lateral mobility (McConnell) provide 
balanced, up-to-date examinations of the 
respective fields. Since the book was 
produced in connection with a course of 
lectures, the presentations are erudite, but 
not esoteric, and therefore particularly 
valuable to the non-expert. Some articles, 
such as those on gap junctions (Benedetti 
and Dunia) and the cholinergic receptor 
(Popot) even come close to achieving the 
objectives implicit in the title. 

In general, the book tells us quite a lot 





Branch out... 





... With Springer 


Forest Succession: 
Concepts and Application 


Editors: D.C. West, H.H.Shugart, D. Botkin 


With contributions by numerous experts 


1981. Approx. 127 figures. Approx. 500 pages 
(Springer Advanced Texts in Life Sciences) 
Cloth DM 87, —; approx. US $ 37.10 

ISBN 3-540-90597-9 


Summarizing research in the field, this book includes 

coverage of: 

@ new and classical schools of thought 

@ new empirical observations 

@ simulation and analytical techniques over short- and 
long-range time scales. 

Forest Succession is an up-to-date appraisal of the theory and 

practical aspects of forest succession in a wide variety of eco- 

systems. 


Resource Use by 
Chaparral and Matorral 


A Comparison of Vegetation Function 
in Two Mediterranean Type Ecosystems 


Editor: P.C. Miller 

1981. 118 figures. XVIII, 455 pages 
(Ecological Studies, Volume 39) 
Cloth DM 98,-; approx. US $ 41.70 
ISBN 3-540-90556-1 


Through the use of innovative simulation models the authors 
were able to quantitatively link the patterns of availability 

of resources with such processes as transpiration, photo- 
synthesis, and nutrient uptake. The result is an evaluation 
of some commonly held generalities of ecological theory as 
well as a contribution to community theory. 


Forest Island Dynamics 
in Man-Dominated Landscapes 


Editors: R. L. Burgess, D.M. Sharpe 
With contributions by numerous experts 
1981. 61 figures. Approx. 320 pages 

(Ecological Studies, Volume 41) 

Cloth DM 73,-; approx. US $ 31.10 

ISBN 3-540-90584-7 


This book examines the ecology of forest fragments, or 
“islands”, located in highly developed, deforested areas used 
for agriculture or urban needs. Analyses of entire regions 

as well as specific ecological and taxonomic groups are 
presented; theories of island biogeography are tested and 
applied; and models dealing with seed disposal, succession, 
local species extinction, and land use optimization are 
utilized. 


F. H. Bormann, G. E. Likens 


Pattern and Process in a Forested 


Ecosystem 


Disturbance, Development and the Steady State Based on 
the Hubbard Brook Ecosystem Study 

2nd corrected printing. 1981. XI, 253 pages 

Cloth DM 4%8,-; approx. US $ 20.50 

ISBN 3-540-90321-6 

“... The authors’ command of diverse subject areas is impres- 
sive... As a clear synthesis of the Hubbard Brook studies 
and in terms of meeting its major objectives, the book is a 
success. The concepts and results presented therein are sure 
to stimulate further thinking, debate, and research in years 


to come... Bio Science 


F. Hallé, R.A.A.Oldeman, P.B.Tomlinson 


Tropical Trees and Forests 


An Architectural Analysis 

1978. 111 figures, 10 tables. XV, 441 pages 
Cloth DM 137,-; approx. US $ 58.30 
ISBN 3-540-08494-0 


“This is an important book. If it receives the attention it 
deserves, the study of tree form may start to receive the 
attention that it deserves.” Journal of Forestry 


“The book makes compelling reading, and should be manda- 
tory for all foresters.” Bio Science 


Springer-Verlag 
Berlin 
Heidelberg 
New York 





Circle No.20 on Reader Enquiry Card. 





A new journal 
to be published early in 1982 


Coral Reefs 


Journal of 
the International Society for Reef Studies 





Co-ordinating Editor: David R. Stoddart, Cambridge, 
England 


Geological Editor: 
lan G. Macintyre, 


Biological Editor: 
Yossi Loya, Tel Aviv, 


Israel Washington D.C., 
USA 


Liaison Editor: P. Spencer Davies, Glasgow, Scotland 
In cooperation with a distinguished board of Adviso- 
ry Editors. 


Coral Reefs will supply a focal point for the hitherto 
scattered literature in this rapidly expanding field. It 
aims to publish analytical and theoretical papers on 
both modern and ancient reefs. It will encourage the 
search for generalisations about reef structure and 
dynamics, and will reflect the growing awareness 
among reef workers of the importance of experimen- 
tation, modelling and quantification in reef studies. 


Papers in Coral Reefs will deal with community 
structure, population dynamics of reef organisms, 
energy and nutrient flows, biogeochemical cycles, 
physiology of calcification, reef response to the 
physical environment, behavioural ecology, sedimen- 
tology, diagenesis, reef structure and morphology, 
and the evolutionary ecology of the reef biota. 


Subscription Information: 

1982. Vol. 1 (4 issues): DM 128.00, plus postage and 
handling. 

DM prices are valid for all countries except North 
America. 


North America: US S 81.00, including postage and 
handling. 


Membership to the International Society for Reef 
Studies includes subscription to Coral Reefs. 


> 





Springer International 


Circle No.17 on Reader Enquiry Card. 


6074/4/ 


CPK 


Molecular 
Models 


* Scale is 1.25em/A + Developed 

by the Atomic Models Subcom- §& 

mittee of the Biophysics and y 

Biophysical Chemistry Study DROPAR YÉ 
4 














of the National institute of 
Health © Highly accurate 
bond distances and angles 

+ Atoms color coded for easy 
identification ¢ Fully assembied 
models, substructures or individual 
atoms + Teaching and research sets wt 
available * Macromolecular WIN > 


structures ° r= e . 
ase k ‘eo 
- ele SF 


Call or write for FREE fully 

illustrated, 40-page, full 

color catalog featuring a + 
the NEW 1.3 turn = ‘é © 
Z-DNA helix. $ 


Pleasant St., So. Natick, MA 01760 (617) 655-7000 
Newport Beach, CA (714) 833-9826 


Intemational Offices in: Watford, England + LesUlis, France 
Höchst, W. Germany* Novara, Italy. Montreal, Canada 


Circle No.05 on Reader Enquiry Card 








RNasin is a protein isolated from 
human placenta which inhibits 
ribonuclease activity. It 

works by binding tightly 

to ribonucieases 


This protein is useful 

In in vitro translation, 

cDNA synthesis, 

in Vitro transcription, 

and polysome isolation 
References available upon request 


RNasin Catalog No. $2110 


Biotec has opeen suppiying the life science Community 
with Quality products and services since 1978. Our 
expanding line of products includes restriction 
endonucleases, DNA modifying enzymes and other useful 
molecular biologicals 


For additional information on 


RNasin and our other products 
contact Customer Service © 
608-274-4330 S a 


Toll free USA 800-356-9526 2800 Fish Hatchery Road 
Telex collect 910 286 2738 Madison, WI 53711 USA 





Circle No.09 on Reader Enquiry Card. 


Nature Vol. 293 22 October 1981 


about membranes and rather little about 
intercellular recognition — which is not 
surprising, since the latter must encompass 
just about the whole of biology. l 


Gordon Koch is on the Scientific Staff of the 
MRC Laboratory of Molecular Biology, 
Cambridge, 


New limbs for old 
Bruce M. Carlson 


Vertebrate Limb Regeneration, By H. 
Wallace, Pp.276. ISBN 0-471-27877-7. 
(Wiley: 1981.) £19.50, $46.35. 


ALTHOUGH one of the oldest fields in 
experimental biology, limb regeneration 
remains one of the least understood, | 
currently being in a state similar to that of | 
genetics just prior to the rediscovery of | 
Mendel’s laws. From numerous descriptive | 
and experimental studies have arisen trad- | 
itional dogmas (the neurotrophic theory, | 
for example) and controversies, such as | 
that surrounding the origin of blastemal | 
cells. The past decade has seen a burst of 
interest in morphogenesis and the form- 
ulation of numerous models designed to | 
account for the observed phenomena. | 

In writing this book, Wallace intends to | 
provide the reader with not only an 
extensive introduction to limb 
regeneration, but a critical review, in which 
he hopes “‘either to clarify and reinforce 
the traditional view or to expose) 
deficiencies in our knowledge and inter- 
pretation of the subject’’. For example, he 
re-examines the neurotrophic concept and 
concludes that the evidence buttressing the 
threshold hypothesis (that a critical 
number of area of nerve fibres per cross- 
sectional area of limb must be exceeded for 
regeneration to occur) could be arranged 
equally well to support a stepwise relation- | 
ship between nerve quantities and | 
regeneration. He also asks whether nerves | 
are necessary at all, and presents some 
arguments and unpublished data 
suggesting that amphibian limbs can regen- 
erate after long-standing denervation. 

Although it is unfortunate that the) 
results of an unpublished experiment are 
used to deliver his coup de grdce to the 
neurotrophic theory, the author’s dealing 
with this topic is illustrative of the way in 
which he examines the data upon which 
many of the long-held concepts in 
regeneration are based. While making no | 
attempt to conceal his own personal biases, | 
Wallace similarly examines topics, such as | 
hormonal and irradiation effects. I admire 
his dissection of many issues, but feel that 
certain others are considered as established 
without being subjected to the same 
intellectual scalpel. 
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devoted to the causal analysis of morpho- 
genesis and morphogenetic models. In this 
area the literature of regeneration is not 
noted for its objectivity. Wallace, again, 
makes no secret of his own personal bias, 
but provides a thoughtful analysis of the 
experimental evidence underlying most of 
the current models. The last chapter con- 
tains speculative material that summarizes 
a number of the author’s own ideas on 
regeneration, a major one being that limb 
regeneration is strictly a repetition of limb 
development. 


Academic barriers at 
Peter D. Moore 





Ecology of Highlands. Monographiae 
Biologicae, Vol.40. By M.S. Mani and 
L.E. Giddings. Pp.247. ISBN 
90-6193-093-6. (Dr W. Junk, The Hague: 
1981.) Dfl.110, $58. 


EXTREME environments, such as the deep 
seas and very high altitudes, present 
peculiar ecological problems to the plants 
and animals which inhabit them. Few 
books have been written on the deep seas, 
whereas many have been written about the 
ecology, flora and fauna of the high moun- 
tains. But most of these go little further 
than to describe the unusual features of 
“alpine” plants and animals inhabiting 
those regions, often in terms of their 
morphology, reproductive strategies or 
biogeographical significance. This book 
attempts to go further by concentrating 
upon the physical environment of high 
altitude habitats, the effects that extreme 
physical conditions have upon plants and 
animals (including human beings) and the 
adaptation resulting from the evolutionary 
responses of these organisms. 

The twin authorship reflects the two 
aspects of the problem. L.E. Giddings 
(Veracruz, Mexico) is responsible for the 
sections on the physics and meteorology of 
the habitat and M.S. Mani (Agra, India) 
covers the biological aspects. Such a dual 
approach is novel and brave, the main 
problem being the integration of the two 
sections, especially in view of the dis- 
ciplinary and geographical gulf between 
the two authors. 

Introductions are places for 
generalizations, which may be modified 
and expanded later in the text. The intro- 
duction by Mani, however, contains 
generalizations which have a rather in- 
flexible ring to them. One would expect 
some overall definition of highland in 
terms of altitude. Instead, the definition 
concentrates upon low atmospheric 
pressure, cold and aridity (the latter surely 
being very variable). Then we are given 
such dogmatic statements as ‘‘The altitude 
at which the mean annual air temperature 
in the shade does not rise above 10°C is the 
timberline’’. No indication is given that 
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Whether or not one agrees with some of 
the arguments and conclusions, this book 
is valuable not only for the amount of 
information it contains, but also for the 
original thoughts and interpretations. It 
should meet the author’s expectations of 
providing a stimulus for future investi- 
gation into some of the outstanding issues 
of limb regeneration. 


Bruce M. Carlson is a Professor in the Depart- 
ments of Anatomy and Biological Sciences at 
the University of Michigan. 


high altitude 


this might vary with such factors as wind. 
Indeed, the essentially continental (in a 
meteorological sense) experience of the 
authors in the mountains of Asia and 
South America is evident in the book, 
which will limit its value to those working in 
oceanic areas. 

We then have eight chapters by Giddings 
on the physical environment of high 
altitudes. There are many useful and 
interesting sections in this part of the book, 
though it does suffer from a surfeit of tabu- 
lated data relating to atmospheric 
variables, which could have been relegated 
to appendices.There is also a strong 
emphasis upon instrumentation and upon 
engineering and physical features of the 
environment which have a very flimsy 
connection with its ecology. (Does the 
ecologist really need to know how long it 
will take him to boil an egg at high 
altitude?) Indeed, there is no systematic 
attempt to relate the physics to the bio- 
logical problems discussed later by Mani. 

Mani begins with general surveys of 
plant and animal life at high altitude, much 
of which is a condensation of his previous 
books on highland insects and plants. 
There is a strong Himalayan flavour to 
these chapters, but data from other areas 
are incorporated. The taxonomic arrange- 
ment of material is surprising and this does 
little to ease the transfer of authorship and 
emphasis, though the animal chapter does 
attempt to relate adaptation to physical 
factors. 

The final chapters concentrate on 
human beings, especially the physiological 
peculiarities found in high altitude peoples. 

Overall the book does not succeed in 
integrating the two approaches to the high- 
land environment except in rather isolated 
sections of Mani’s accounts of animal and 
human adaptation. It was an ambitious 
idea but, sadly, the barriers of long- 
independent development within the two 
scientific disciplines, coupled perhaps with 
the geographical isolation of the authors, 
have proved too great. 
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Publishing, Aldershot, Hampshire: 1981.) £13.50. 

MORAN, E. F. Developing the Amazon. Pp.292. ISBN 0-253-14564-3. (Indiana 
University Press/international Book Distributors, Hemel Hempstead, 
Hertfordshire: 1981.) $22.50, £13.50, $28.13 outside U.S. and Canada. 

MURPHY, W. and the Editors of Time-Life Books. Coping with the Common 
Cold, Pp.176. ISBN 0-8094-3758-9. (Time-Life Books, Alexandria, Virginia: 1981.) 
$11.95. 

PANKOW, D. Toxilologie des Kohnmonoxids. Pp.288. (Veb Verlag Volk Und 
Gesundheit Berlin: 1981.) DDR 50,000M. 

POWELL, J. Aircraft Radio Systems. Pp.251. ISBN 0-273-08444-5, (Pitman: 
1981.) $18.75. 

RAY, P. K. Agricultural Insurance, Theory and Practice and Application to 
Developing Countries. 2nd Edn. Pp.419, ISBN 0-08-025787-9. (Pergamon: 1981.) 
£37.50, $90. 

ROOD, R. T. and TREFIL, J. S. Are We Alone? The Possibility of 
Extraterrestrial Civilisations. Pp.262. ISBN 0-684-16826-%. (Charles Scribner’s 
Sons: 1981.) $14.98. 

SAGAN, C. The Cosmic Connection. An Extraterrestrial Perspective. Pp.274. 
Pbk ISBN 0-333-32474-9, (Papermac, A Division of Macmillan Publishers Ltd., 
London & Basingstoke: 1981.) Pbk £2.95. 

SALT, B. Rural Science 3. Pp.168. Flexi ISBN 0-304-30559. (Cassell, London: 
1981.) £2.95. 

SEARLE-CHATTERJEE, M. Reversible Sex Roles. The Special Case of Benares 
Sweepers. Women in Development Series, Vol.2. Pp.J12. ISBN 0-08-025780-1. 
(Pergamon: 1981.) £11.95, $28.50. 

SMITH, N. J. H. Man, Fishes and the Amazon. Pp.180. ISBN 0-231-05156-5. 
(Columbia University Press: 1981.) $29.25. 

SPENDER, D. Men’s Studies Modified. The Impact of Feminism on the 
Academic Disciplines. Pp.248. Hbk ISBN 0-08-026770-X; flexi ISBN 0-08-0261 17-5. 
(Pergamon: 1981.) Hbk np; flexi £6, $14.50. 

STANTON, W. R. and FLACH, M. (eds). Saga. The Equatorial Swamp as a 
Natural Resource. World Crops: Production, Utilization and Description, Vol. 1. 
Proceedings of the 2nd International Sago Symposium, Kuala Lumpur, Malaysia, 
September 1979. Pp.244, ISBN 90-247-2263-2. (Martinus Nijhoff Publishers BV: 
1980.) DAL 85. 

STREETEN, P. P, and JOLLY, R. (eds). Recent Issues in World Development. A 
Collection of Survey Articles. Pp.441. ISBN 0-08-026812-9. (Pergamon: 1981.) £20, 
$52. 

URQUHART, D. The Principles of Librarianship. Pp.98. Pbk ISBN 
0-9507501-0-7. (Wood Garth Press: 1981.) Pbk £4.50. 

WILLIAMSON, M. island Populations. Pp.286. ISBN 0-19-854134-1. (Oxford 
University Press: 1981.) £19. 

YEREANCE, R. A. Strangers, All Strangers. Pp.148. ISBN 0-87949-151-5. 
(Ashley Books, Port Washington, N.Y.: 1981.) $10.95. 








Awards 
Recipients of the Wolf Prizes 1981 are: in 
agriculture — Prof. John O. Almquist 
(Pennsylvania State University); Prof. 
Henry A. Lardy (University of Wisconsin); 
Prof. Glen W. Salisbury (University of 
Illinois); in mathematics — Emeritus Prof. 
Lars V. Ahlfors (Harvard University); in 
chemistry — Prof. Joseph Chatt (Univer- 
sity of Sussex); in physics — Prof. Freeman 
J. Dyson (Institute for Advanced Study, 
Princeton); Prof. Gerard’t Hooft (Univer- 
sity of Utrecht); Prof. Victor F. Weisskopf 
(MIT, Cambridge); in medicine — Dr 
Barbara McClintock (Carnegie Institute of 
Washington); Prof. Stanley N. Cohen 
(Stanford University). 


The Robert-Feulgen-Prize 1981 of the 
Gesellschaft fiir Histochemie has been 
awarded to A. Claudio Cuello (University 
of Oxford). 


John H. Nuckolls (Lawrence Livermore 
National Laboratory) has been awarded 
the 1981 James Clerk Maxwell prize by the 
American Physical Society. 


The recipients of the Gardner Awards 1981 
are: annual awards to Michael 8. Brown 
and Joseph L. Goldstein; Wai Yiu Cheung 
and Jerry H-C. Wang; Georges J. Kohler 
and Cesar Milstein; Elizabeth F. Neufeld: 
Saul Roseman; and Bengt Samuelsson; the 
Gairdner Foundation Wightman Award to 
Louis Siminovitch. 


Michael McInnerney (Tonbridge, Kent) 
has won the Filtration Society’s 1981 Suttle 
Award for a paper on the ‘‘Magnetic Per- 
meability and the Rotary Magnetic Drum 
Separator’’. 


Appointments 

Noel R. Rose has been chosen to head 
immunology, infectious diseases and para- 
sitology at the Johns Hopkins School of 
Hygiene and Public Health. 


D. Martin Carter (formerly Yale University 
School of Medicine) has been appointed a 
professor at The Rockefeller University to 
head a new laboratory of investigative 
dermatology. 


Sir Francis Tombs has been elected 1981/82 
president of The Institution of Electrical 
Engineers; deputy presidents are J. Banks 
(BICC Ltd) and M.N. John (Partner, 
Kennedy and Donkin). 


The British Standards Institution has 
created an Information Systems Council, 
with Dr J.H.H. Merriman as chairman. 


Nam-Hai Chua, a cell and molecular biolo- 
gist has been appointed a professor at The 
Rockefeller University. 


The Imperial Cancer Research Fund has 
appointed Dr Tomas Lindahi as head of 
their mutagenesis laboratory at Mill Hill. 


22 October 1981 
















Meetings 

22-25 November, Introduction of Genetic 
Materials into Eucaryotic Cells, New York 
(International Genetic Sciences, Inc., 
155-25 Styler Rd, New York 11433, USA). 
30 November-4 December, Matrix 
Methods in Engineering Mechanics, 
Sheffield (Dr H.K. Kohler, Dept of 
Mechanical Engineering, University of 
Sheffield, Mappin St, Sheffield, UK). 
7-11 December, Practical Spectral 
Analysis, Sheffield (Dr H.K. Kohler, Dept 
of Mechanical Engineering, University of 
Sheffield, Mappin St, Sheffield, UK). 
8-10 December, Online Information 
Meeting, London (Online Review, Bessels- 
leigh Rd, Abingdon, Oxford, UK). 

16 December, What’s New in Absorption 
with Chemical Reaction, Manchester (J.E. 
Gillett, ICI Pharmaceuticals Division, 
Macclesfield, UK). 

5-7 January 1982, Compaction of Particu- 
late Solids, Bradford (Prof. D.H. Allen, 
Dept of Management Science and 
Technology, University of Stirling, UK). 
18-22 January, Fundamentals of Remote 
Sensing for Terrain Analysis, Washington 
DC (Continuing Engineering Education, 
George Washington University, 
Washington DC 20052, USA). 

19-21 January, Membrane Recycling, 
London (The Ciba Foundation, 41 
Portland Place, London W1, UK). 

25-29 January, Applied Geodesy, San 
Diego (Continuing Engineering 
Education, George Washington 
University, Washington DC 20052, USA). 
27-28 January, The Earth’s Core, London 
(The Royal Society, 6 Carlton House, 
Terrace, London SW1, UK). 

4 February, Enzyme Stereochemistry, 
London (The Royal Society, 6 Carlton 
House Terrace, London SW1, UK). 

6-10 February, New Genetical Approaches 
to Crop Improvement, Karachi (Dr K.A. 
Siddiqui, Atomic Energy Agricultural 
Research Centre, Sind, Pakistan). 

11 February, Metal—insulator Transitions, 
London (The Royal Society, 6 Carlton 
House Terrace, London SW1, UK). 

17-18 February, Sulphur Bacteria, London 
(The Royal Society, 6 Carlton House, 
Terrace, London SW1, UK). 

22-26 February, Organic Electrochemical 
Synthesis, Los Angeles (PO Box 24901, 
Dept K. UCLA Extension, Los Angeles, 
California 90024, USA). 

24-25 February, Interferon: twenty-five 
years on, London (The Royal Society, 6 
Carlton House Terrace, London SW1, UK). 
4 March, Developments in Low 
Temperature Biology and Biochemistry, 
London (The Royal Society, 6 Carlton 
House Terrace, London SW1, UK). 

2-5 March, Oceanology International, 
Brighton (Spearhead Exhibitions, 55/59 
Fife Road, Kingston upon Thames, Surrey, UK). 


8-12 March, Pittsburgh Conference oF 
Analytical Chemistry and App 
Spectroscopy, Atlantic City (T 
Pittsburgh Conference, 437 Donald Rd, 
Pittsburgh, Pennsylvania 15235, USA), 
11-12 March, The Big Bang and Element 
Creation, London (The Royal Socie 
Carlton House Terrace, London SW1,! 
24-25 March The Molecular Biology of 
Locomotion, London (The. Royal Socie 


Carlton House Terrace, London SWI JK). 










30 March — | April, Atomie and Mole- 8 
cular Physics, Newcastle upon Tyne (Dr 
A.S. Dickinson, School of Physics, The — 


University, Newcastle upon Tyne, UK}. 
5-7 April, 


Van der Waals Molecules, 7 aS 


Oxford (Mrs Y.A. Fish, The Royal Society 


of Chemistry, Burlington House, Londen T 


W1, UK). 


5-7 April, Cell Proliferation in Psoriasis, e — 


Oxford (Prof. 
Histopathology, 
Medical School, 
W12, UK). 


N.A. Wright, 


Ducane Rd, 


5-7 April, Jubilee Chemical Engineering _ 
Symposium, London (The Institution of ao 
George E. Davis- 
Railway Terrace, 


Chemical Engineers, 
Building, 165-171 
Rugby, UK). 
14-16 April, 


Crosfield & Sons Ltd, PO Box 26. 
Warrington, UK). 


20-22 April, Processes forthe Management 
and Conservation of Resources, Salford __ 
Dept of Chemical 


(Dr R. Hughes, 
Engineering, University of Salford, 
Salford, UK). 
28 April, 

Deformation, (Miss M. Lewis, Geological 


Mechanisms 


Society, Burlington House, London WI, UK) 


2-5 May, Nuclear Division, American 
Ceramic Society Annual Meeting, 


Cincinnati (Dr W.J. Lackey, Metals and o 
Ceramic Division, Oak Ridge National: 


Laboratory, Tennessee 37830, USA). 


11 May, PWR in the United Kingdom, — : - 
London (The Institution of Mechanical- 
Engineers, 1 Birdcage Walk, Westminster 


London SW, UK). 


11-12 May, Geochronology and the - 


Geological Record, London (Dr A.L. 


Harris, c/o The Geological society, 


Burlington House, London W1, UK). 


13-14 May, Sedimentary and Diagenetic a 


Processes in Precambrian Metallogenesis, 


London (Dr H. Clemmy, Dept of Earth , 


Sciences, The University, Leeds, UK). 


14 May, Isolation and Identification of | 


Particles, Sunderland (Dr N.A. Orr, 
Sunderland Polytechnic, UK). 


31 May — 2 June, Land Transformation — 


Processes in Ottawa, Ottawa (Dr R.M. 
Ragan, 
Laboratory, University of Maryland, 
College Park, Maryland 20742, USA). 


tema mh EHITAME EEr Aiea ksh TPA bn 


The Assessment of Major. | a 
Hazards, Manchester (Mr R. Dodds Ichem o 
E, North-Western Branch, c/o Josepho 


in Crostal 


Remote Sensing Systems | 


Dept of 
Royal Postgraduate o 
London | 








Nature announces the first 





wall chart showing how the U.S. 





If you're involved in making decisions about science, 
or if you're looking for your share of science funding, you 
need Nature’s new 1981 guide to how the nation spends its 
science dollars and who controls that money. 

Compiled by Nature from literally hundreds of 
sources, the wall chart offers data on actual dollars spent on 
science by government agencies, industry, foundations, 
universities, research and medical centers. The chart lists 
key U.S. government policy makers, with their addresses 
and phone numbers. 

Most significantly, the chart shows the interlocking 
relationships within the science, engineering, and medical 
establishments. 

Designed as a fold-out that you can carry to meetings, 
or for hanging as a 2 x 3 ft. wall poster for permanent 
reference, the chart enables you to answer questions that 





runs its science 


... shows who makes U.S. science decisions 
who gets the money, and how it’s spent 


might otherwise take weeks of research to dig out. Com- 
pact, color-keyed, and handy, it will be an enormous aid to 
you and your colleagues. We strongly urge you to order 
sufficient copies to cover the needs of your entire staff or 
department. 


“How the U.S. Runs Its Science” 

—another authoritative publication from Nature, for more 
than 100 years, the world’s most respected source of science 
data. 


For credit-card orders only, call toll-free now, 
24 hrs/day, any day: (800) 824-7888. Ask for 


Operator 130. In California: (800) 852-7777. 
Ask for Operator 130. 








AR yp 


Please send me chart(s) of 


“How the U.S. Runs Its Science” 
at U.S. $7.95 each, or U.K. £3.50. 
i'm enclosing a check for $ 





or£ 








Return this coupon with your check to: 
Nature, Suite 1503, 15 East 26 Street, 
New York, N.Y. 10010,U.S.A. 


In the U.K. and elsewhere: Nature, 4 Little Essex Street, 
London, WC2R 3LF, England. 
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INDIAN 
INSTITUTE OF 
TECHNOLOGY 


Madras, India 


invites applications on plain paper 
before January 3, 1982 for permanent 


UNIVERSITY OF BRISTOL 
Immunology Group 
DEPARTMENT OF PATHOLOGY 
POST-DOCTORAL 
IMMUNOLOGIST 


Applications are invited for an MRC 
funded post from January 1982 for 


Hammersmith Hospital 
Institute of Obstetrics and Gynaecology 


Human in-vitro Fertilization 
Scientist 





two years to join a small group 
working on the pathogenesis and 
control of autoimmune reaction with 


LECTURER/ 
ASSISTANT PROFESSOR reference to rheumatoid arthritis — 
starting salary in the range £6,070 — 


in the various disciplines. The total | £8,105 pa. 
monthly emoluments will range from Applications accompanied by cv 
RS 1500/- to RS 2300/- at the | including names and addresses of two 
present rate of allowances. referees should be sent to Dr C J 
Elson, Department of Pathology, 
The Registrar, Indian Institute of | University of Bristol Medical School, 


facul iti $ ; , j i PEE E © 
Cuy postions a required to run laboratory side of established in-vitra fertilization o 


programme and to conduct research into human reproduction: o 
Candidates should ideally have some experience of handling | 
mammalian eggs and/or sperm and an interest into fertility problems. | 
A biochemical, embryological or genetic training would be suitableand 


related field. The Unit is in an active academic departrnent with awel- 
established infertility clinic and good scientific resources. 

Salary negotiable according to age and experience, | 
Interested applicants should contact Dr R M L Winston, Narimersinith 
Hospital, London W12 or telephone 01-748 5579 as soon as possible: 


Technology, Madras-600 036, India. 
(W473)A 


University Walk, Bristol BS8 ITD 
{976A 





aa 
the successful candidate will be expected to have gained a PhD ina | 


(S774) A 


rau ngrntaintedérinde sinensis pakrana iiA A aAA, 








Searle Research and Development 


Biologists 


G.D. Searle & Co. has major research interests in antithrombotic 
and antiviral therapy. Vacancies exist for experienced scientists 
and technicians to join enthusiatie research groups within the 
Biology Department at the Company's U.K. Research & 
Development Laboratories at High Wycombe. 


Platelet Dysfunction 


Research Assistant 


A scientist with previous experience of in vivo pharmacological 
techniques is required to join a new group engaged in the 
evaluation of novel anti-piatelet compounds. The Research 
Assistant will work closely with the group leader in the 
development of a variety of experimental models of thrombosis, 


Herpes Enzymology 


Research Investigator 


A post-doctoral scientist with a background of research in the 
molecular aspects of virology or enzyme biochemistry is required 
to study the interaction of virus encoded enzymes with synthetic 
chemical inhibitors. The Research investigator will work in an 
established research group with major interests in antiherpetics 
and the evaluation of novel interferons. (Ref. R36/ 810). 


Technician 


A research technician with HNC or equivalent qualification is 
required to assist in the routine assay of antiviral agents im vitro 
and in vivo. Experience in virology or tissue culture techniques 
would be an advantage. (Ref: R36/B12), 


Candidates should possess a BSc degree or its equivalent ina 
biological science and have had several years experience in 
pharmacological research. (Ref: R42/ B23). 








Ail the above positions carry salaries commensurate with age and experience, and the Company offers 4 weeks’ holiday a year, 
contributory pension fund, private medical scheme, subsidised cafeteria, and sports and social club. 


Applicants, male or female, are invited to send a detailed C.V. or telephone for an application form from Miss D. Wardman, 
Assistant Personnel Officer, Searle Research & Development, Lane End Road, High Wycombe, Bucks. (Tel: High 
Wycombe 21124, ext 3374). Please quote appropriate reference. 


(9749A 









-1 To reach him not later than 6th November, 1981. 






THE INTERNATIONAL CENTRE OF _ 
INSECT PHYSIOLOGY AND ECOLOGY 
PO Box 30772, Nairobi, Kenya 


ae Applications are invited from suitably qualified candidates for the 


following positions at the International Centre of Insect Physiology and 
Ecology (UCIPE), in Nairobi, Kenya. 


SENIOR SYSTEMS ANALYST 
Ref: SC1/81/2 


Qualifications: A recognised University degree in Computer Science. 
The successful candidate must have at least five years active 
involvement in the computer industry with proven experience in 
systems development, installation and maintenance and be capable of 
performing computer programming functions in at least FORTRAN or 


4 -BASIC and COBOL. Experience in developing scientific data 
‘| > processing systems plus a strong statistical background will be a difinite 
“advantage. The successful candidate should be mature, and in 


possession of high-level intellectual, organisational, and 


t communications skills. 


Responsibilities: The successful candidate will be responsible for the 
new data and word processing facility featuring state-of-the-art Wang 
“VS Hardware, word processing and remote terminals. A wide variety of 
scientific and administrative applications is expected. The successful 
candidate will work in an international scientific environment, and will 
be expected to develop scientific data programming, word processing 
techniques, and the translation of scientific and administrative tasks 
into computer terms and procedures. 


RESEARCH SCIENTISTS 
(Biostatistician) (Ref: SC1/81/3) 
(Two Positions) 


Qualifications: PhD or equivalent qualifications in Biostatistics or 
Systems Analysis in a quantitative scientific field, with a strong 
background in Mathematics. 


ICCA demonstratable capability to use computers in statistical analyses 


< and population modelling is desirable. A strong biological background 
will be an advantage. 


_ Responsibilities: The appointee will be expected to advise scientists 
over a wide spectrum of investigations in basic research, pest 


_ |. management research and application, on experimental design, and on 


statistical analyses and population modelling. 


- =- Salaries for all posts: Negotiable, and include attractive benefits to the 
-| fight candidates. 


-| > Applications giving detailed information on general education, 


professional qualifications and experience, marital status, age, 


| present terms of employment (including salary and benefits), 
| names and addresses of four referees (including one personal 
| referee), and photocopies of relevant certificates and diplomas 
‘+> should be addressed to: The Administrative Manager, ICIPE 


Research Centre, PO Box 30772, Nairobi. 
(W469) A 


ARID LANDS ECOLOGIST 
ASSOCIATE DIRECTOR 


The Laboratory of Biomedical and Environmental Sciences, 
University of California at Los Angeles, invites applications for the 
senior position of ARID LANDS ECOLOGIST and ASSOCIATE 
DIRECTOR of the laboratory's program in Ecology. The position 
-carries with it a joint appointment on the tenure track level in the 
~ Department of Biology, UCLA. Candidates are sought in the field of 
TERRESTRIAL ECOLOGY OF ARID REGIONS, with expertise in 
DESERT ENVIRONMENTS preferable. The successful candidate 
will be expected to head the Laboratory's ecology program and 
undertake some administrative duties in the overseeing of 
Department of Energy support for this program; the position reports 
to the Laboratory's director. Some teaching is expected of the 
position, in the Department of Biology. Program and equipment 
funds are sufficient to support a vigorous research program; this is 
an 11 month appointment with concomittant salary. 
Send curriculum vitae, synopsis of recent and current 
research activities and interests, and three references, 
before December 18, 1981, to: ARID LANDS ECOLOGIST 
SEARCH COMMITTEE, c/o Dr. Martin L. Cody, Department 
of Biology, University of California, Los Angeles, CA 90624. 
An equal opportunity/ affirmative action employer. 
(NW981)A 








ADVANCED STUDY 


will have several openings for | 


members in theoretical physics and 
astrophysics for the academic year 
1982-83. The positions are at a post- 
doctoral or higher level and appli- 
cants will be selected on the basis of 
their ability to do research in the areas 
of elementary particles, mathe- 
matical physics, astro-physics, 
plasma physics, general relativity and 
statistical mechanics. Preference is 
given to candidates who have 
received their PhD within the last 
year or two. 


Postdoctoral members frequently 
collaborate with each other, with 
faculty members at the Institute or 
Princeton University, and with 
researchers at other institutions. 


Appointments ae usually for no 
more than two years and support is 
typically full salary for postdoctorals 
and half salary for more senior 
persons. Women and minorities are 
encouraged to apply. 


For more information write to Ms 
Valerie Nowak, Administrative 
Officer, School of Natural Science, 
The Institute for Advanced Study, 
Princeton, New Jersey 08540. 
Applications should be received by 
December 15,1981. (NWI1006)A 


SIMON FRASER 
UNIVERSITY 
Burnaby, British Columbia, 
Canada 
DEPARTMENT OF BIOLOGICAL 
SCIENCES 
POPULATION DYNAMICS 


Applications are invited for a tenure- 
track position as Assistant Professor 
in Population Biology, with research 
interests in the dynamics of inter- 
specific (eg, predator-prey, parasite- 
host, pathogen-host). The successful 
applicant will be expected to develop a 
strong research programme and to 
teach at both the undergraduate and 
graduate level, including courses in the 
Department’s Master of Pest Manage- 
ment Programme. Candidates must 
have a PhD degree, with experience in 
entomology and/or pest manage- 
ment. Preference will be given to 
candidates eligible for employment in 
Canada at the time of application. 


The position is available from |! 
September 1982. The current salary 
base for the Assistant Professor rank 
is $25,000/ year subject to ratification. 


Applications should include curri- 
culum vitae, a brief statement of 
research interests and objectives, and 
reprints of published research. Appli- 
cants should request a confidential 
assessment of their research and 
teaching ability from three referees, to 
be forwarded directly to: Dr K K Nair, 
Chairman, Department of Biological 
Sciences, Simon Fraser University, 
Burnaby, BC, Canada V5A 156. 


Deadline for receipt of applications 
is 31 December 1981, or until the 
position is filled. (NW998)A 
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‘THE AUSTRALIAN 
NATIONAL UNIVERSITY 
RESEARCH SCHOOL OF 
PHYSICAL SCIENCES 
SENIOR APPOINTMENTS IN 
SYSTEMS ENGINEERING 


The University has established a 
Department of Systems Engineering in 
the School and has appointed 
Professer B D O Anderson, FAA, 
FTS, to the Foundation Chair of 
Systems Engineering. 


The Department’s work will be con- 
centrated in the fields of control 
systems and signal processing within 
the general field of Information 
Science and, initially, will include 
adaptive systems and system identifica- 
tion, large-scale systems, robust 
control, nonlinear filtering, and 
digital signal processing. 


Applications are now invited from 
suitably qualified persons for 
appointment to two further positions, 
one at the level of Professorial Fellow 
and one at the level of Fellow or Senior 
Fellow. 


Salary on appointment will be in 
accordance with qualifications and 
experience within the ranges: Pro- 
fessorial Fellow $A38562 pa; Senior 
Fellow $430994 — $36,125 pa; Fellow 
$A23,104 — $A30,952 pa. Current 
exchange rate $A 1 = £0.62p. Appoint- 
ment will be for Professorial Fellow 
immediately to retiring age; for Senior 
Fellow and Fellow for five years in the 
first instance with the possibility, after 
review, of reappointment to retiring 
age. Reasonable appointment ex- 
penses are paid. superannuation 
benefits are available for applicants 
who are eligible to contribute. The 
University reserves the right not to 
make an appointment or to make an 
appointment by invitation at any time. 


Applicants should send a full 
curriculum vitae, statement of 
research interests and list of 
publications and the names and 
addresses of at least three academic 
referees to the Registrar, PO Box 4, 
Canberra City, ACT 2601, Australia, 
with whom applications close on /6 
November 1981. General information 
can be obtained from the Association 
of Commonwealth Universities 
{Appts.), 36 Gordon Square, London 
WCIHOPF. (9760A 





GEOPHYSICAL FLUID 
DYNAMICIST/PHYSICAL 
OCEANOGRAPHER 


Applications are solicited for a junior 
faculty position in ocean physics or 
dynamics to begin in the academic 
year 1982-83. Areas of interest to the 
Department include analytical, 
numerical and laboratory modeling 
of physical processes and phenomena 
in the sea. 


Yale University is an egual oppor- 
tunity/affirmative action employer 
and encourages women and members 
of minority groups to compete for 
this position. 


Curriculum vitae, publications, 
and the names of three or more 
referees should be sent by 31 
December 1981 to: Robert B Gordon, 
Chairman, Department of Geology 
and Geophysics, PO Box 6666, New 
Haven, CTO6Si1. (NW 1009)A 
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UNIVERSITY OF 
MELBOURNE 
in the 

DEPARTMENT OF PAEDIATRICS 

AND THE BIRTH DEFECTS 

“RESEARCH INSTITUTE 
ROYAL CHILDREN'S HOSPITAL 

RESEARCH FOUNDATION 

RECOMBINANT DNA 

SCIENTIST 


A post-doctoral position is available in 
a large expanding group interested in 
the primary and secondary mechanisms 
of inherited disease in man. The group 
is involved in the study of inherited 
disease at all levels, from the patient, 
through metabolites and proteins to 
the DNA level and is already using 
gene cloning techniques. Major 
current research topics include phenyl- 
ketonuria and phenylalanine hydroxy- 
lase, copper transport and metal- 
lothioneins collagen synthesis. 


The successful applicant would be 
expected to set up the DNA techniques 
already available for prenatal 
diagnosis of certain forms of thalass- 
aemia and subsequently to supervise a 
technician doing this work. He/she 
would then be free to develop a 
research programme in an area 
relevant to the work of the group. 


Applicants should be familiar with a 
wide range of recombinant DNA tech- 
niques. Experience with globin genes 
would be an advantage. 


This position is available im- 
mediately, for a period of 3 years in the 
first instance. 


Salary in the range Research Fellow 
Grade 2 ($A19,821 — $426,037) or 
Senior Research fellow ($426,593 — 
$A30,995) according to experience. 


Initial enquiries may be directed to 
Professor D M Danks, Department of 
Paediatrics, Royal Children’s Hospital, 
Flemington Road, Parkville, Victoria, 
3052, Australia. 


Further information, regarding 
details of application procedure and 
conditions of appointment, is avail- 
able from the Staff Officer. Applica- 
trons referring to Position Number 571 
-261 should be addressed to the Staff 
Officer, University of Melbourne, 
Parkville, 3052. Victoria, Australia, 
and close on 27 November 1981. 

(9766)A 





ROTHAMSTED 
EXPERIMENTAL STATION 
Harpenden, Herts ALS 2JQ 


ANALYTICAL CHEMIST 


required in the Soils and Plant 
Nutrition Department to join a unit 
dealing with analysis of soils and 
plants by modern automated 
techniques. Work is varied, and 
includes staff supervision. Appli- 
cants should have experience of 
- analytical work. 


©- Qualifications: Degree in 
© Chemistry or Soil Science, or HNC in 
Chemistry. 


© _ Appointment in grade of Scientific 
Officer (£5,176 to £6,964). Non-con- 
tributory superannuation. 


Apply in writing to the Secretary 

. naming two referees and quoting Ref 
465 by 12th November 1981. Further 
< details on request. (977DA 













Vacanciesin 
Drug Metabolisr 


The following vacancies exist in the Department of Drug Metabolism and 
Pharmacokinetics at the Hoechst Pharmaceutical Research Laboratories at 
Milton Keynes. 


Senior Scientist 


The successful candidate will lead a smali team of scientific and technical 
staff investigating the metabolic fate of candidate drug compounds in animals 
and man. 

The work for which a Ph.D in Biochemistry, Pharmacology, Chemistry or 
an associated discipline is essential, would require a scientist with several 
years experience in this field, preferably in industry. 


Technician 


A vacancy also exists for a Technician who would assist a scientist in 
metabolic experiments. Minimum qualifications would be HNC, ‘A’ levels or 
equivalent and preferably some experience in a related discipline. 

The company is situated at Milton Keynes where housing is available for 
rent or purchase. 

salaries and conditions are of the order to be expected from a world 
leader in the pharmaceutical field and include a contributory pension with free 
life insurance, membership of PPP and a generous relocation allowance for 
anyone who has to move to the area. 


Piease write or telephone for an application form to: 


Adrian Forrest, Personnel Department, Hoechst UK Limited, 
Walton Manor, Walton, Milton Keynes, Bucks. Tel: Pineharn 5068. 


Hoechst i Bo 

















(S763)A 
YALE UNIVERSITY | ea oe eT 
AND GEOPHYSICS OBSERVATORY NUFFIELD LABORATORY OF | 


OPHTHALMOLOGY 
Research Assistant required toran | 
initial period of two years as soon. 
possibile. Research concerned wi 
studying the neurobiology of the 
retina. Experience in cell separation | 
techniques, tissue culture, neuro- | 
chemistry and immunoligical 
procedures desirable. The post 
which is supported by the Wellcom 
Trust, is on grade 1A or T 
depending on qualification 
maximum first year £8,705. l 
Applications including curriculum 
vitae, should be sent to Dr Neville 
Osborne, Nuffield Laboratory of 
Ophthaimology, Walton Stree 
Oxford OX2 BAW. (Telephone 0865 
48996). (9740A 


Applications are solicited for a 

faculty position in solid earth | | Visitor Appointments at the High} 
geophysics to begin in the academic Altitude Observatory are available | 
year 1982-83. Areas of interest to the | | fr new and established PhD’s for 
Department include seismology, ex- | | UP to one year periods to carry out) | 
ploration geophysics, mechanical research in solar physics, solar-| 
and physical properties of rocks and terrestrial physics, and related sub- | 
minerals, geomagnetism, and tec- jects. Applicants should provide a 
tonophysics. curriculum vitae including educa- 


| 
| 
tion, work experience, publica-| 






















Yale University is an equal oppor- tions, the names of three scientists 
tunity/affirmative action employer | | familiar with their work, and a 
and encourages women and members Statement of their research plans. 
of minority groups to compete for | | Applications must be received by 
this position. 15 January 1982, and they should 


Curriculum vitae, publications and | | be sent to: Visitor Committee, High 
the names of three or more referees | | Altitude Observatory, National 
should be sent by 37 December 1981 Center for Atmospheric Research 
to Robert B Gordon, Chairman, | | (NCAR), PO Box 3000, Boulder, | 
Department of Geology and Geophy- Colorado 80307. NCAR is an Equal 
sics, PO Box 6666, New Haven CT Opportunity/ Affirmative Action | 
06511. (NW1010)A Employer. (NW931)A 
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THE WORLD HEALTH ORGANIZATION 
Invites applications for the post of 


STATISTICIAN 


with the Special Programme of Research, Development 
and Research Training in Human Reproduction, Geneva 























~The selected candidate will be responsible for the planning, 
§ organization and analysis of statistical aspects fo research projects. 
= More particularly the Statistician will be responsible for the statistical 
design of clinical trials, particularly multi-centred trials and 
epidemiological studies, the organization of methods of recording, 
collecting, validating, correcting and coding of data relevant to such 
studies, cooperation with the Data and Text Processing Services and 
“other statistical matters as required. 


-PhD in biostatistics or equivalent academic studies, Experience in the 

design and analysis of clinical trials and epidemiological studies, 
particularly multicentred studies. Administrative experience in the 
-management of a statistical/data processing group. Familiarity with 
$ current concepts of multicentred clinical and epidemiological studies. 
| Familiarity with the areas of family planning, obstetrics and 
$ gynaecology would be an asset. Fluent in English or French, with 
:§ working knowledge of the other. 





| Applications, referring to HRP/P81/104, enclosing detailed 
i curriculum vitae, should be addressed to: 
. Personnel (MPR) 
World Health Organization 
CH-1211 Genéve 27. 


g Only candidates under serious consideration will be contacted. 
(W466)A 





| The MAX-PLANCK-SOCIETY has founded 
| anew CLINICAL-EXPERIMENTAL 

| RESEARCH UNIT for research on 

| NEUROIMMUNOLOGY. 


| The Institute will be in Wirzburg/FRG, and it will be opened 
by April 1982. 


| The research will be focussed on immune mechanisms of 
-| Multiple Sclerosis and autoimmune disorders in the nervous 
| system. There will be clinical as well as basic studies. 


2 -We seek for staff positions young scientists, preferably 
_| after post-doctoral stage who are 
_| interested/experienced in: 


Clinical (Neuro-) Immunology 
Ultra- Morphology (Membranes, freeze-etch technology) 
Developmental Neurobiology (e g neuro-glial interact.) 


Basic knowledge in German would be advantageous. 


We expect active participation within our common programs, 
but establishment of suitable independent projects is 
encouraged. The salaries will fit the level of 
training/experience. They are according to the B A Ts 
(federal tariff). 


Persons interested in a position should send a curriculum 
vitae and list of publications to: 

< { Hartmut Wekerle, M D, Max-Planck-Institute für 

-F Immunbiologie, Stübeweg 51, D-78 Freiburg, FRG 

F (W472)A 





LONDON SCHOOL OF 
HYGIENE AND TROPICAL 
MEDICINE 
(University of London) 
Keppel Street, WCIE 7HT 
FIELD PROJECT 
IN MALAWI 
A GRADUATE ASSISTANT 


Is required to work on a contract of 
not less than 3 years’ duration for the 
Director of a long-term Leprosy 
Evaluation Project in Northern 
Malawi. The primary responsibility is 
in relation to quality control of data. 
Field work will be involved. Ex- 
perience in Epidemiology, Statistics, 
Microbiology or other relevant 
discipline is required. Candidates 
must be medically fit to serve 
overseas in the tropics. 


A salary of not less than £6,000 is 
envisaged together with a non-tax- 
able overseas allowance, free return 
passages for the successful candidate 
(and spouse, if married), accom- 
modation and tropical kit allowance. 


Applications, consisting of full 
curriculum vitae and the names and 
addresses of two referees, should be 
submitted to the Senior Assistant 
Secretary (N) at the School. Further 
information may be obtained from 
Dr P E M Fine (01-636 8636 ext 219). 

(9742)A 





UNIVERSITY 
OF GLASGOW 


DEPARTMENT OF 
PATHOLOGICAL BIOCHEMISTRY 


RESEARCH ASSISTANT 


Applications are invited for a Re- 
search Assistant in the Department of 
Pathological Biochemistry. The 
successful candidate, who should 
have a good honours degree in 
biochemistry or similar subject, will 
work on aspects of human lipo- 
protein metabolism. Previous 
experience in this or related fields will 
be an advantage. 


The post, available immediately, is 
for a fixed period of three years, at an 
initial salary of £6,070 (Range 1B, 
Research and Analogous Staff 
scales). 


Further particulars may be 
obtained from Dr J Shepherd, 
Department of Biochemistry, Royal 
Infirmary, Glasgow G4 OSF, to 
whom applications should be 
submitted. 


Applications should be made 
within 30 days of the appearance of 
this advertisements. 


In reply please quote Ref. No. 
4862. 
(9759)A 


INSTITUTE OF MICROBIOLOGY 


has an opening for an 


Associate Professorship (C3) 


with tenure. A commitment to research and teaching in microbiology is 
expected. Applications including a curriculum vitae, a list of 
publications, and a record of teaching experience should be sent to 
Microbiology, University of Heidelberg, Im Neuenheimer Feld 230, 6900 
Heidelberg, FRG. Closing date December 7, 1981. 













(W470)A 





INSTITUTE OF 
IMMUNOLOGY AND 
GENETICS 
GERMAN CANCER 


RESEARCH CENTER 
Heidelberg, Germany 


POSTDOCTORAL FELLOW 


Applications are invited from im- 
munologists to join a group working 
on monoclonal antibodies to human 
tumor antigens for identification, 
characterization, and diagnosis of 
tumor antigens. Clinical material is 
available. Applicants with MD or PhD 
should have experience with tissue 
culture, serology or preferably with 
monoclonal antibodies. The post is 
tenable for 3 years from now, 
extension is possible. The salary is 
BAT Ila (according to age and 
experience). 


Applications naming two referees 
should be sent as soon as possible to 
Prof G J Hämmerling, Institut für Im- 
munologie und Genetik, Deutsches 
Krebsforschungszentrum, Im Neuen- 
heimer Feld 280, D-6900 Heidelberg, 
Fed Rep Germany. (W458)A 





PLANT BREEDING 


INSTITUTE 
Maris Lane, Trumpington 
Cambridge CB2 2LQ 


POTATO BREEDER 


Applications are invited for the post of 
Potato Breeder in the Forage, Oil and 
Potatoes Department of the Institute. 
The work will be concerned with the 
potato breeding programme, seed 
production, and breeding for 
resistance and tolerance of potato 
cyst-nematodes. 


Appointment will be at Higher 
Scientific Officer (salary £6,530 to 
£8,589 pa) or Senior Scientific Officer 
(salary £8,209 to £10,322 pa). 


Qualifications are a First or Upper 
Second Class honours degree in 
Agriculture, Botany, Agricultural 
Botany or Genetics together with (at 
HSO level) at least two years, and {at 
SSO level) at least four years relevant 
postgraduate experience. Non- 
contributory superannuation scheme. 


Further particulars on request. 


Applications with curriculum vitae, 
together with the names and addresses 
of three referees, should be sent to the 
Establishment Officer by 12 
November 1981. (97T50)A 
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MANCHESTER AREA 
HEALTH AUTHORITY 
(TEACHING) 

South District 
CHRISTIE HOSPITAL AND 
HOLT RADIUM INSTITUTE 
PATERSON 
LABORATORIES 


RESEARCH TECHNICIAN 
IN SECTION OF 
IMMUNOLOGY 


cellular immunology. Preference will 
be given to applicants with some 
practical experience in immunology. 
Salary £4,958 — £6,993 pa. (Whitley 
Council Scale). 

Application forms available from 
the Laboratory Manager, Paterson 
Laboratories, Christie Hospital, 
Wilmslow, Manchester M20 9BX. 

{976DA 


RESEARCH SCIENTIST 
The Charlies F Kettering Research 


experience in areas pertinent to the | 


enhancement of plant productivity. 
Scientists with research programs 
related to symbiotic nitrogen 
fixation, photosynthesis or the 
interrelations between photo- 
synthesis and N, fixation are 
encouraged to apply. 


Expertise in microbial genetics and 
physiology, cyanobacteria, plant- 
microbe interactions including 
endomycorrhizal associations would 
be especially valuable. This 
laboratory offers the opportunity for 
full time, independent research with 
interaction and collaboration with 
other scientists working in nitrogen 
fixation and photosynthesis. 


Send résumé and references to The 
Search Committee, c/o D L Keister, 
The Charles F Kettering Research 
Laboratory, Yellow Springs, OH 
45387. (NW983)A 





EAST MALLING 
RESEARCH STATION 
PLANT PHYSIOLOGIST 


Plant Physiologist required with 
strong interest in developmental 
plant physiology but with desire to 
carry out work of practical benefit to 
the fruit growing industry on the 
induction of branching in young 
trees, control of shoot growth, fruit 
bud development, fruit bud quality, 
fertilisation, fruit set and fruit 
growth. 


Good Honours degree in Botany, 
Agricultural Botany or Horticultural 
Science, or equivalent qualification 
with sound background in plant 
physiology required together with 
appropriate research experience. 


Salary, according to qualifications 
and experience, in scale £6,530 — 
£8,589 (at least 2 years post 
qualifying experience) or £8,209 — 
£10,322 (at least 4 years post 
qualifying experience). Non con- 
tributory pension scheme. 


Further details and application 
form from The Secretary, East 
Malling Research Station, Maid- 
stone, Kent ME196BJ. (9709A 





THE UNIVERSITY OF 

CALIFORNIA 

Irvine 

DEPARTMENT OF SURGERY 

is recruiting for an 
IN LINE PROFESSOR 

with a doctorate in 
BIOLOGY OR BIOPHYSICS 


{ and a background in laser tech- 


nology. This person must have 
demonstrated experience with its 


| biologic effects, especially at the 
Applications are invited from | 
biological science graduates or 
equivalent to work on aspects of | 


cellular and tissue levels. Must have 
an interest in and experience with 
laser application to human malignan- 
cies and in coordinating a general 
program in several surgical speciali- 
ties. The research position also 
involves teaching undergraduate 
medical students, residents, and post- 
graduate students. 


Send curriculum vitae and references 
to G Robert Mason, MD, Professor 
and Chairman, Department of 


| Surgery, University of California, 
o Irvine, Irvine, California, 92717 by 
| November 21st, 1981. 


The University of California is an 


s : Equal Opportunity/Affirmative 
Laboratory has a staff opening for a | 
scientist with 1-4 years postdoctoral | 


ALAA NRT RAN ERED Seibert Cer APA RE RR NARI ROH ie ae Sete te att 


Action Employer. (NWISTIA 


UNIVERSITY OF 
EDINBURGH 
POSTDOCTORAL 
RESEARCH FELLOW 


Applications are invited for this post, 
tenable for a maximum of three 
years, supported by a grant from the 
Medical Research Council. The work 
involves human breast tissue and the 
project examines responses to men- 
Strual cycles, parity and age, with 
relevance to development of breast 
cancer. Applicants should have a 
PhD or equivalent and have 
experience in electron microscopy. 
Salary scale is range 1A, starting 
point up to a maximum of £6,880. 


Applications, including name and 
address of three referees, should be 
sent to Dr T J Anderson, Department 


of Pathology, University of Edin- 


brugh Medica] School, Teviot Place, 
Edinburgh EH8 9AG not later than 
3ist October, 1981. Please quote 
reference 5057. (Q77DA 





UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF BIOCHEMISTRY 
Applications are invited for the post of 
SENIOR RESEARCH 
ASSISTANT 


in the Department of Biochemistry to 
work on a project entitled ‘‘Cell 
hybridization studies on the hormonal! 
regulation of breast tumour cell 
growth in culture”. Experience of cell 
hybridization techniques would be an 
advantage. 


Initial salary on the scale £6,070 — 
£7,700 per annum. 


Applications, together with the 
names of three referees, should be 
received not later than 16th 
November, 1981, by The Registrar, 
The University, PO Box 147, Liver- 
poo! L69 3BX, from whom further 
particulars may be obtained. Quote 
Ref. RV/892/N. (9768)A 











DOW CHEMICAL EUROPE 

is a leading successful international compar’ 
We manufacture and sell products ranging from 
plastics, base and specialty chemicals to. 
agricultural and pharmaceutical compounds. 


Our toxicology research team (BASED IN] 
ROTTERDAM) is expanding to meet the future. 
needs of international toxicological research for | 
our European operations. E 


We have an opening for an 


INDUSTRIAL 
TOXICOLOGY ADVISORY 


As a member of this team you will collect and | 
update retrievable toxicological data of relevant | 
chemicals and identify the toxicological data | 
gaps. | 
As a professional representative of our | 
international firm you will have contacts with | 
government institutions and organizations | 
throughout Europe as weil as an active role in the 
monitoring of contract research. You will work in. 
close liaison with other functions, such as 
product development, research and 
manufacturing, and work closely with the chief | 
toxicologist. | 
If you: 
— are less than 35 years of age 
— have a medical or biological professional 
education with a few years experience in 
toxicology 
— possess fluency in English and a good 
working knowledge of at least one major 
European language 
— are interested in international travel 
opportunities 


then a position within our firm may interest you. 
We offer: 


— broad career opportunities based on your 
performance 

— a stimulating working environment in a 
young team 

— attractive employment conditions. 


Please send your curriculum vitae to Dow 1 
Chemical (Ned BV, PO Box 1310, 3000BH 





Rotterdam, The Netherlands, Mrs A. M. 
Stein or phone us for an application form | 
(W471)A 


010-143011 ext 140. 
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training soon afterwards. 
































Australia. 









































POSTGRADUATE 
RESEARCH BIOLOGIST 


or 


ASSISTANT RESEARCH 
BIOLOGIST 


Position available in the field of 
protein crystallography for a post- 
graduate research biologist (salary 
range $15,936 to $19,848 year). Or 
an assistant research biologist 
(salary range $22,900 to $30,100 
year) to study protein dynamics at 
very low temperature and to deter- 
-i mine high resolution structure of 
new enzymes. 

| Tools available: A multiwire area 
detector diffractometer, a very 
good low temperature cooling 
device, a vaz 11/780 computer and 
two Evans and Sutherland com- 
puter display systems. 

Experience: Experience with pro- 
tein crystallography required, 
i familiarity with least squares 
refinement desired. Salary will be 
commensurate with experience | 
- | and qualifications. 

| Please send résumé and the name 
of two references by November 1, 
1981 to: Professor Xuong Nguyen- 
Huu, Department of Chemistry, 
B-017, University of California, San 
Diego, La Jolla, California 92093. 
(NVW/999)A 


THE UNIVERSITY OF ADELAIDE 
Australian Universities International Development Program (AUIDP) 
invites applications for a 


Professor, or Reader, or Senior Lecturer 


in any of the fields of Plant Science - Agronomy - Soil Science to be 
seconded to the Faculty of Agriculture, University of Brawijaya, Malang, 
East Java, Indonesia, for an initial two-year period beginning in early 
1982. Brawijaya University is one of several universities in Indonesia co- 
operating with the Australian Universities International Development 
Program (formerly called AAUCS). Co-operation involves up-grading 
indonesian academic staff, assistance in course and curriculum design, 
-| particularly at the post-graduate level, and research. Brawijaya 
University is presently establishing a post-graduate school in Agricultural 
Science and plans to begin S2 (Masters) training in 1982/3 and 53 (PhD) 


The person seconded will be sympathetic to the special aims and needs 
of a university in a developing country, will be as senior as possible and 
will have an established reputation as an agricultural scientist. Working 
within the broad policies and priorities determined by AUIDP, and in 
consultation with AUIDP Director (Professor D.E. Tribe) and the AUIDP 
Consultant for Brawijaya University Dr R. Knight), the appointee will aid 
the Development of the Agricultural Faculty in a variety of ways 
including academic advice to the Dean and his staff, participation in 
post-graduate training and research programs and the fostering of links 
between Brawijaya University and Australian universities. 

it is expected that the appointment will be particularly attractive to 
senior agricultural scientists who seek an opportunity of making their 
skills and experience available to university staff and students in a 
developing country. The AUIDP is prepared to negotiate the 
secondment of the successful applicant from his/her present employer 
on the basis of the reimbursement of full salary and related costs. 

THE SALARY of the appointee will be negotiable within Australian 
university scales and, in addition, travel and other allowances will be 
paid according to the Determinations Relating to Overseas Service 
within the Australian Public Service. Current Australian Salary Scales 
are — Professor: A$41,509, Reader: A$35,049, Senior Lecturer: 
A$26,593 x 5 — A$30,995 per annum. 

APPLICATIONS should be forwarded in duplicate, to the Registrar 
Designate University of Adelaide, P.O. Box 498, Adelaide, South 
Australia, 5001, by 30th November, 1981, from whom further details 
may be obtained. Academic and general enquiries may also be directed 
to Dr R. Knight, Waite Agricultural Research Institute, Private Bag 1, 
Glen Osmond, South Australia, 5064, or Professor D.E. Tribe, AUIDP, 
P.O. Box 1142, Canberra, City, A.C.T. 2601, 


(9776)A 


University of California 


MOLECULAR 
GENETICIST 


The department of biology, Univer- 
sity of California, San Diego, invites 
applications for a tenure-track 
faculty position in the general area of 
molecular biology/ molecular gene- 
tics. Salary and rank wil be com- 
mensurate with qualifications and 
experience. The non-tenured 
appointee must have had post- 
doctoral training and is expected to 
conduct a vigorous research 
program. The teneured appointee 
must already have made significant 
contributions to this field and is 
; expected to continue a vigorous 
i research program. Applicants 
should send curriculum vitae and a 
| list of publications. The position will 
! be available beginning September 
| 1982. 
| Send application before December 
|11, 1981 to: Ms Elizabeth Misel, 
Molecular Geneticist Search Com- 
mittee, University of California, San 
Diego, Department of Biology 
B-022, La Jolla, California 92093. 
The University of California, San 
Diego, is an equal oppeortunity/ 
affirmative action employer. 
INW 1000) A 
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BIOCHEMIST 


Leukotriene/ 
Prostaglandin 
Biosynthesis 


We require a PhD or 
biochemistry graduate with 2-3 
years’ relevant experience to 
study and isolate enzymes 
involved in the generation of 
lipoxygenase/cyclo-oxygenase 
products in allergic diseases. 
The candidate would be required 
to initiate and develop this 
research programme and would 
join a tearn of biologists and 
chemists already working in this 
field. An interest in drug 
candidate identification would 
be an advantage. 

For details of our excellent 
conditions of employment and 
an application form, telephone 
Farnham Common 5151. 
Personnel Department, 

Miles Laboratories Ltd, 

Stoke Court, STOKE POGES, 
Bucks LS2 4LY. (S775)A 































SENIOR CHEMISTS 


required for expansion. Experience 
in numerous areas in organic syn- 
thesis is essential as is some industrial 
experience. Basic 3Shr week. Salary 
guide around £8,000 at 26yrs, but 
depends upon ability & experience. 
Write with full details: Maybridge 
Chemical Co Ltd, Tintagel, Cornwall 
PL340HW. (9748)A 


UNIVERSITY OF ILLINOIS 
DEPARTMENT OF 
MICROBIOLOGY AND 
IMMUNOLOGY 
POSITIONS AVAILABLE 
Two postdoctoral research asso- 
ciates and one research assistant 
position available under industrial 
sponsorship in the area of genetic 
manipulations of micro-organisms 
for secondary oil recovery. One 
postdoctoral research position avail- 
able in the study of microbial de- 
gradation of 2, 4, 5-T and dioxins 
under an EPA grant. Candidates 
must have extensive research ex- 
perience in biochemical and biophy- 
sical techniques including gas and 
high pressure liquid chromatography, 
electrophoresis, electron micro- 
scopy of DNA including hetero 
duplex analysis, etc, in addition to 
microbial physiology genetics. 

Salary negotiabie. 

Please apply with copies of resumé 
and three letters of recommenda- 
tion. Applications must arrive prior 
to December 5, 1981. Starting date 
January 1, 1982. Send résumé to Dr 
A. M. Chakrabarty, University of 
lilinois Medical Center, Department 
of Microbiclogy and Immunology, 
835 South Wolcott, Chicago, Il. 
60612. 

The University of Illinois is an 
affirmative action/equal opport- 
unity employer. (NW1004)A 





CALIFORNIA INSTITUTE 
OF TECHNOLOGY 


DIVISION OF GEOLOGICAL AND 
PLANETARY SCIENCES 


RESEARCH POSITION 
IN CHEMICAL 
OCEANOGRAPHY 


The position of research fellow is 
being offered at Caltech for research 
in oceanography. Investigation of the 
isotopic composition of neodymium 
and rare earth abundances in sea 
water and sediments is now being 
carried forward. The mechanism of 
injection of REE into sea water will 
be studied. The differences in 
143Nid/!44Nd in various water masses 
[Piepgras et al., Earth and Planet. 
Sci. Lett. 45, 223-236 and Piepgras 
and Wasserburg, Earth and Planet. 
Sci. Lett 50, 128-138 (1980)] is now 
being carried forward as an explor- 
atory venture in order to determine 
the origin and chemical behaviour of 
REE in the ocean and the potential 
use of '43Nd/!44Nd as a tracer. The 
laboratory facilities for sample 
preparation and analysis are fully 
functional and will be available. 
Applicants should have training in 
oceanography and a good perspective 
on general physical oceanographic 
models. 


Send résumé and references to 
Professor G J Wasserburg, Lunatic 
Asylum, California Institute of 
Technology, Pasadena, CA 91125. 


Caltech is an equal opportunity/ 
affirmative action employer. 
(M/F/#). (NWIOLDA 


ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(University of London) 
ANATOMY DEPARTMENT 


A CHIEF TECHNICIAN 


is required to work in the Anatomy 
Department. The successful 
candidate will supervise technical 
services and the technicians in the 
department and will also be 
responsible for the Anatomy labor- 
atories. The Department of Anatomy 
is currently situated in Hunter Street, 
but will be moving to new accommo- 
dation in the Medical School 
Building at Hampstead in the near 
future. 


Salary on scale £8,949 to £10,246 
inclusive. 37 hour week. 35 days leave 
including public & customary days. 
Interest free annual season ticket 
loan scheme. 


Further particulars and appli- 
cation forms are available from the 
School Secretary, RFHSM, 8 Hunter 
Street, London WCIN IBP or tele- 
phone 01-837 5385 ext 73. Closing 
date 6 November 1981. Reference 
AD/2/CT. (9758)A 


Please mention 


nature 


when replying to 
these advertisements 


Nature Vol. 293 22 October 1981 





UNIVERSITY OF 
LIVERPOOL 


Applications are invited from veterinary 
and agricultural graduates for the post of 


RESEARCH ASSISTANT/ 
SENIOR RESEARCH 
ASSISTANT 


The successful candidate will take 
part in a research project to study the 
role of nutritional and husbandry 
factors in gastro-intestinal diseases of 
pigs, carried out jointly by the 
Departments of Animal Husbandry 
and Veterinary Pathology. The post 
is funded by the ARC for a period of 
three years. Registration for a higher 
degree is possible. 


Initial salary within the range 
£5,285 ~—- £6,880 per annum on a 
scale rising to £7,700 per annum. 


Applications, together with the 
names of three referees, should be 
received as soon as possible by the 
Registrar, The University, PO Box 
147, Liverpool L69 3BX, from whom 


further particulars may be obtained. | 


Quote Ref: RV/887/N.  (9747)A 


PURDEU UNIVERSITY 
THE DEPARTMENT OF 
BIOLOGICAL SCIENCES 

EUKARYOTIC GENETICIST 


invites applications for a faculty 
position that would be either tenured 
or on a tenure track. Salary is on a 
12-month basis. 


Applicants should have research 
experience and teaching interests 
generally in the field of eukaryotic 
genetics. 


Send curriculum vitae, including a 
brief description of research 
experience and plans, and the names 
of three references by 15 December 
1981 to: Genetics Search Committee, 
Department of Biological Sciences, 
Purdue University, West Lafayette, 
Ind 47907. Purdue University is an 
Affirmative Action Employer. 

(NW 1002)A 


ANIMAL HEALTH TRUST 

SMALL ANIMALS CENTRE 

ELECTRON MICROSCOPE 
TECHNICIAN 


A technician is required to assume day 
today responsibility for the running of 
a small electron microscopy unit at the 
Centre. Experience of electron micro- 
scope operation and ultramicromoty 
is essential. Commencing salary will be 
within the range £4,817 — £5,476 in 
accordance with University salary 
scales. 


The centre is situated in pleasant 
park land and has modern and well 
equipped laboratories. Current re- 
search projects include ocular and 
renal diseases of small animals also 
research and diagnostic virology 
involving several species. 


Written applications, giving full 
details of experience and quali- 
fications and the name of two referees 
should be sent to the Station Secretary, 
The Animal Health Trust, Small 
Animals Centre, Lanwades Park, 
Kennett, Nr Newmarket, Suffolk 
CB87PN. (9753)A 


RESEARCH PROFESSOR 
MOLECULAR GENETICS 
DEPARTMENT OF 
MOLECULAR AND 
POPULATION GENETICS 
University of Georgia 

Athens, Georgia 

The Department of Molecular and 
Population Genetics at the University 
of Georgia is seeking an outstanding 
scientist for appointment as Research 
Professor, beginning Fall, 1982. This 
is a senior level appointment requiring 
that the successful candidate have a 
distinguished record of research 
accomplishment in some area of 
molecular genetics. Nominations and 
applications, the latter to include a 
curriculum vitae, bibliography, and 
the names of at least four persons 
who could provide a letter of evalua- 
tion, should be sent to: Dr Norman H. 
Giles, Chairman, Search Committee, 
Department of Molecular and 
Population Genetics, University of 
Georgia, Athens, Georgia 30602. 
Screening of applicants will begin on 
December 15, 1981; the closing date 
iol applications will be January 31, 
1981. 

The University of Georgia is an Equal 
Opportunity/ Affirmative Action In- 
stitution. (NWA 


UNIVERSITY OF BRISTOL 
DEPARTMENT OF MICROBIOLOGY 
RESEARCH ASSISTANT 


Applications are invited to work on 
aspects of the molecular genetics of 
transposable elements, particularly 
transposons encoding resistance to 
antibacterial compounds. Some ex- 
perience in the isolation and analysis 
of extrachromosomal DNA, or asso- 


ciated fields is desirable. Preference 


will be shown to applicants with a PhD 
degree or who expect to be awarded 
one in the near future. 


Starting salary for applicant with 
PhD will be in the appropriate scale 
for Research and Analagous Staff 
(£6,070 — £6,880 pa). 


Applications, including a curriculum 
vitae and the names and addresses of 
two referees should be sent, as soon 
as possible, to Dr P M Bennett, 
University of Bristol, Department of 
Microbiology, The Medical School, 
University Walk, Bristol BS8 ITD. 

(9739)A 


UNIVERSITY OF LEICESTER 


DEPARTMENT OF PHYSICS 
RESEARCH ASSISTANT IN 
IONOSPHERIC PHYSICS 


Applications are invited for the post 
of Research Assistant to assist with 
the interpretation of EISCAT data. 
The European Incoherent Radar 
facility (EISCAT) is a new facility 
established in Northern Scandinavia 
for studies of the polar ionosphere 
and magnetosphere. The group’s 
interest is in the generation and 
propagation of internal gravity waves 
in the polar electric field. Candidates 
Should possess a good degree in 
Physics, Mathematics or Electrical 
Engineering. Salary is in the range 
£6,070 to £10,575 per annum. 


Further details can be obtained 


| from Professor T B Jones, Physics 


Department, The University, 
Leicester LE] 7RH. (97S4)A 


universe. 


to central computing facilities, 


UNIVERSITY OF 
WISCONSIN-MADISON 


BIOCHEMISTRY DEPARTMENT 


Applications are invited for a faculty 
position in the Department of 
Biochemistry, University of 
Wisconsin, Madison. The rank of the 
appointment is for an 


ASSISTANT OR 
ASSOCIATE PROFESSOR 


and individuals at all academic levels 
are encouraged to apply. Candidates 
must have research interests and 
experience in nucleic acid 
biochemistry; but, within this broad 
areas, emphasis will be placed on 
selecting an outstanding individual. 


The successful applicant will be 
expected to develop a substantial 
independent research program, to 
teach in the Biochemistry 
Department’s curriculum, and to 
supervise graduate students. 


Salary will be on a 12-month basis 
at a level that is commensurate with 
qualifications and experience and 
compatible with the salary structure 
of the University of Wisconsin 
system. Women and minority 
candidates are especially encouraged 
to apply. 


Send detailed curriculum vitae, 
including a statement of research 
accomplishments and interests and 
the names of three references to: H F 
DeLuca, Chairman, Department of 
Biochemistry, University of 
Wisconsin, Madison, WI 53706, 
before December 1, 1981. The 
University of Wisconsin is an Equal 
Opportunity/Affirmative Action 
employer. (NW 1008)A 


ROYAL OBSERVATORY, EDINBURGH 


HIGHER SCIENTIFIC 
OFFICER 


(SOFTWARE SPECIALIST) 


There is a vacancy for a software specialist in the Image and Data 
Processing Unit at the Royal Observatory. Much of the work of this 
group concerns the handling of data from the high-speed measuring 
machine COSMOS. The purpose of the machine is to extract 
information on stars and galaxies from astronomical photographs, 
providing astronomers with a powerful means of exploring the 


DUTIES: The successful applicant will be expected to write 
machine control software concerned mainly with the on-line 
measurement of a photograph although some involvement with off- 
line software for the reduction and analysis of the machine data will 
also be required. Computing facilities at the Royal Observatory 
include a GEC 4082 and a DEC VAX 11/78C on site as well as access 


QUALIFICATIONS AND EXPERIENCE: Applicants should 
possess a degree or equivalent in Mathemetics, Engineering or one 
of the Sciences. A sound practical knowledge of computer 
programming using both assembier and high level languages is 
essential. Some experience of machine control problems and an 
appreciation of the interface between software and electronic 
components would be an advantage. 


Starting salary will be in the range £6,530 — £8,589 per annum. 


Application forms from the Personnel Officer, 
Royal Observatory, Blackford Hill, Edinburgh EH9 3HJ. 
Application forms should be returned by 11.11.1981. 
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Medical Research Council 
Radiobiology Unit 
PHYSICIST 

Applications are invited for a 
SHORT-TERM NON-CLINICAL 
SCIENTIFIC post in this MRC Unit, 
tenable for 3 years, to work with Dr 
D. T. Goodhead, Candidates with 
post-doctoral or equivalent status 
will be preferred. 
The successful applicant will under- 
take track structure calculations on 
simulated electron and heavy ong- 
tracks. Their properties over nano 


















existing and future experimental: - 
observations on the biological 
effectiveness of ultrasoft X-rays, 
e -particles and other ionizing radie- | 
tions. He/she will join a muti 
disciplinary group of four scierrtists | 
whoss main emphasis is on 
fundamental mechanisms of action! . 
of radiation on mammalian cells at) | 
the celular and molecular levels. Ani - 
advanced Monte-Carlo simulation; | 
code ‘or electrons is available and 
the computing facilities on site are | 
excellent. 
Salary and conditions of service. 
according to the MRC non-clinical | 
scientific scales. Hostel accom- 
modation or housing may be avai | 
able. Applications, with curriculum 
vitae and the names of two referees, 
i Should be sent to the Personnel 
i Office, Medica! Research Council, 
Radiobiology Unit, Harwell, Didcot, 
Oxon 9X11 ORD by December 11th 
1981. Further particulars available on 
request. (9755A 
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MANCHESTER AREA 
HEALTH AUTHORITY (TEACHING) 


POST OF 


DIRECTOR 


PATERSON LABORATORIES 


To take up post in June 1983 on the retirement of 


Professor L. G. Lajtha. 


The Director is the Scientific and Administrative Head of 


the Paterson Laboratories 


containing ten Divisions and 


approximately 180 staff with responsibility to maintain and 
develop further Research Programmes which are mainly 
supported by the Cancer Research Campaign. 


The Director will be offered an Honorary Professorship in 


Experimental Oncology at Manchester University. 


Appropriate MRC salary scale and Conditions of Service. 
The NHS or USS Superannuation Scheme will apply. 


Job description and further details available from the Area 


Personnel Officer, 


Manchester Area Health Authority 


(Teaching), Mauldeth House, Mauldeth Road West, 
Chorlton, Manchester M21 2RL (Tel: 061-881 7233 ext 219), 

Professor Lajtha will be pleased to discuss the 
appointment with intending applicants. Tel: 061-445 8123. 


Applications to be 


returned to Chairman, 


Manchester Area Health Authority (Teaching), 
Mauldeth House, Mauldeth Road West, Chorlton, 


Manchester M21 2RL, by 9.11.81. 


(9762)A 





NATIONAL COUNCIL FOR SCIENTIFIC RESEARCH 
Applications are invited from suitably qualified persons for the following 


posts: 
(1) Plant Geneticist, (2) Plant 


Ecologist, (3) Plant Physiologist, 


(4) Veterinary Microbiologist, (Tick borne diseases), (5) Material 
Scientist/ Technologist, (Building Materials) 

Qualifications: For posts from one to four — PhD or equivalent with 
relevant research experience. For post number five — MSc or equivalent 
with relevant research experience of BSc with extensive research 


experience. 


Job Descriptions for the above posts can be obtained on request. 
Salary: Attractive salary is offered within the range of ZK9,444 to 


ZK15,600. 


Applications giving names and addresses of at least three referees should 
be addressed to: The Secretary General, National Council for Scientific 
Research, PO Box CH 158, Lusaka, Zambia, Central Africa. 


A FACULTY POSITION 
at the rank of 


ASSISTANT OR 
ASSOCIATE PROFESSOR 


-will be available on I July 1982 in the 

Department of Physiology and Cell 
- Biology of the University of Texas 
© Medical School at Houston, for an 
“individual with demonstrable scientific 
> accomplishments in the area of the 
+ cellular control of invertebrate be- 
- haviour and expertise in electrophy- 
< siology, circuit modeling and 
<- computer sciences. In addition, a 
-broad knowledge of mammalian 
~ physiology and experience in teaching 
that discipline to medical students is 
- desirable. 


Interested parties who meet these 
= qualifications should send a 
- curriculum vitae and other supporting 
material to Dr Stanley G Schultz, 
> Professor & Chairman, Department 
- of Physiology & Cell Biology, Univer- 
_ sity of Texas Medical School, PO Box 

20708, Houston, Texas 77025. The 
deadline for submission of appli- 
cations is 31 January 1982. 


Equal Opportunity/Affirm- 
ative Action Employer. (NW1003)A 


(W460)A 


UNIVERSITY OF LONDON 
INSTITUTE OF 
PSYCHIATRY 


DEPARTMENT OF 
NEUROLOGY 
RESEARCH ASSISTANT 


Applications are invited for the 
position of Research Assistant from 
recently qualified graduates in phar- 
macology, biochemistry or a related 
discipline with a first or upper second 
class degree. The post is funded by the 
Wellcome Trust for studies on the 
longterm effects of dopamine agonists 
or antagonists on cerebral dopamine 
function. 


The appointment will be for one 
year in the first instance, renewable for 
a maximum of three years. 


Salary will be on Research 1B scale 
in the range £5,285 — £6,070 plus £967 
London weighting. 


| Application forms obtainable from 

| The Secretary, Institute of Psychiatry. 

| De Crespigny Park, London SES 8AF 
and should be returned with a full 
curriculum vitae. (9765)A 





RUTGERS UNIVERSITY 
DEPARTMENT OF 
BIOLOGICAL SCIENCES 
CHAIR 


Rutgers — The State University of 
New Jersey seeks a distinguished 
scholar to chair the Department of 
Biological Sciences in the newly 
reorganized Faculty of Arts and 
Sciences on the New Brunswick 
campus. The recent consolidation of 
the biological sciences into a unified 
Department of 80 members offers a 
challenging opportunity for creative 
leadership. 


Candidates must have a strong 
commitment to research and 
graduate education. Nominations or 
applications (a letter of intent and 
vita) should be submitted by 
December 1, 1981. Appointment 
effective July 1, 1982. 


Address correspondence to: 
Search Committee for Chair of 
Biological Sciences, Office of the 
Dean, Faculty of Arts and Sciences, 
Rutgers University, New Brunswick, 
NJ 08903. Initial correspondence will 
be held in confidence. Rutgers 
University is an Equal Opportunity/ 
Affirmative Action Employer. 

(NW 1005)A 


HPLC Marketing. An opportunity 
occurs for a qualified biochemist or 
person with similar background ex- 
perience and knowledge of analytical 
instrumentation, preferably including 
hplc, to join the marketing and tech- 
nical support group of a leading 
manufacturer. An attractive benefits 
package, including a company car, 
together with good career prospects 
are offered. Applicants should 
telephone or send cv immediately to, 
Dr P McFadyen, Waters Associates 
Ltd, 324 Chester Road, Hartford, 
Northwich, Cheshire CW8 2AH. Tel: 
0606 883846. (9752)A 


POSTDOCTORAL 
POSITIONS IN 
BIOCHEMISTRY AND 
ANATOMY OR 
PATHOLOGY 


One biochemical position involves 
work on Vitamin D metabolism and 
the other protein purification. The 
position in anatomy or pathology has 
its major focus on quantitative histo- 
logy and histochemical techniques 
applied to studies of bone and 
metabolic bone disease. Other current 
research activities in this lab include 
cell cycle analysis, cell differentiation, 
immunochemistry, RIA, membrane 
receptor studies, monoclonal anti- 
body development and molecular bio- 
logy. Competitive salary with full 
benefits and exceptional opportunity 
with potential for long-term employ- 
ment in well equipped, multi- 
disciplinary laboratory. 


Contact: D J Baylink, MD, 
Department of Medicine, Room 1501, 
Loma Linda University, Loma Linda, 
CA. 92350. Telephone: 714/796-7311, 
Extension 2171. An Equal Opport- 
unity/Affirmative Action Employer. 

(NW996)A 
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THE UNIVERSITY 
OF AUCKLAND 
New Zealand 


MATHEMATICS — 
LECTURERSHIPS (2) 


Applicants should have postgraduate 
qualifications and proven research 
interests. Applications will be con- 
sidered from those with 
qualifications and experience in 
almost any branch of Mathematics 
but careful consideration will be 
given to teaching records. 


The present salary range for 
Lecturers is NZ$19,835 to $23,520 
per annum. Conditions of 
Appointment and Method of 
Application are available from the 
Assistant Registrar (Academic 
Appointments), University of 
Auckland, or from the Association 
of Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH OPF. 


Applications in accordance with 
Method of Application should be 
forwarded as soon as possible but not 
later than the closing date stated. 
Closing Date: 11 December 1981. 

(Q7S7)A 


FELLOWSHIPS 


GIRTON COLLEGE 
CAMBRIDGE 
Applications are invited fora 
SCIENTIFIC RESEARCH 
FELLOWSHIP 


open to graduates of any university 
and tenable for three years from Ist 
October 1982. The applications 
should be in the field of Mathematics, 
Natural Sciences, Geography and 
allied subjects. 


The emoluments of the fellowship 
are reviewed annually, but at present 
they are: to a person who has not 
completed a PhD, £3,300 rising by two 
increments to £3,500 pa: to a person 
with a PhD £4,000 rising by two 
increments to £4,200 pa. The fellow- 
ships are pensionable under USS. If 
the research fellow is married, a child 
allowance of £250 pa for the first child 
is made. Financial support from other 
sources may be taken into account. 
Research fellows will, if they wish, be 
permitted to teach up to six hours a 
week. Residence is provided and 
commons {all meals) are free. 


Applications, on a form which may 
be obtained from the Secretary to the 
Council, Girton College, Cambridge 
CB3 6JG must be returned to her not 
later than 15th November 1981. A 
statement of between 1,500 and 2,000 
words, outlining the work candidates 
would wish to submit in support of 
their applications and the research 
they would propose to do if elected, 
will be required at the same time as the 
application is returned. An applicant 
for a scientific research fellowship, in 
addition, should submit a short 
résumé of his/her research for an 
informed layman. 


If the applicant is short-listed 
he/she will be asked to submit work in 
support of the application. 

STOG)E 


continued on page xxix 


Nature Vol. 293 22 October 1981 





THE UNIVERSITY 


OF AUCKLAND 
New Zealand 


RESEARCH FELLOWSHIP 


The animal virus group in the 
Department of Cell Biology is 
studying the nature of the genome 
RNA of human and animal 
rotaviruses. These possess a seg- 
mented double stranded RNA 
genome and are members of the 
Reoviridae. A Research position is 
available for a person with a 
background in microbiology or 
biochemistry to work on a rotavirus 
cloning project which is a colla- 
borative venture between the 
Auckland group and Dr G W Both, 
Molecular and Cell Biology Unit, 
CSIRO, Sydney. The person 
appointed will be located in 
Auckland but will liaise closely with 
the Sydney group. Applications will 
be especially welcomed from those 
with previous experience with nucleic 
acids, microbial genetics and/or 
recombinant techniques. 


The position is for one year in the 
first instance with the possibility of 
an extension for a further year. 
Salary will be NZ$18,229 per annum 
and some assistance towards 
relocation expenses is available. 


Further information may be 
obtained from Dr A R Bellamy, 
Department of Cell Biology. Appli- 
cations, including a full curriculum 
vitae and names and addresses of 3 
referees should be forwarded to the 
Assistant Registrar (Academic 
Appointments), University of 
Auckland, Private Bag, Auckland, 
New Zealand, as soon as possible but 
not later than 20 November 1981. 

(9756)E 





BART J BOK 
FELLOWSHIP 


The Bart J Bok Fellowship in 
Astronomy and Astrophysics will be 
available at the Steward Observatory 
of the University of Arizona commen- 
cing September, 1982. The fellowship 
is normally for a 2 year period with an 
annual stipend of $20,000. In addition 
some small travel and research funds 
are available. Fellows should have 
completed their PhD within the past 
three years. 


Applicants should submit a brief 
résumé of their proposed areas of 
research, which may be in any area of 
theoretical or observational astro- 
nomy and astrophysics. Applications 
will be considered up to January 15, 
1982. Complete applications must 
include three letters of evaluation 
from persons familiar with the 
applicant’s ability and potential. 


Applications should be mailed to 
Bok Fellowship Committee, Steward 
Observatory, University of Arizona, 
Tucson, Az USA 85721. 


Equal Employment Opportunity/ 
Affirmative Action Employer. 
(NW ILOODE 


FELLOWSHIPS 


THE ROYAL SOCIETY 


| BROWNE RESEARCH FUND 


MAURICE HILL 
RESEARCH FUND 
MARSHALL AND 

ORR BEQUEST 

GRANTS AND RESEARCH 
FELLOWSHIPS 1982 


The Council of the Royal Society 
invites applications from qualified 
research workers for personal grants: 


(a) from the Browne Research Fund, 
for research in marine biology at a 
marine biological laboratory or else- 
where. Preference will be given to 
those who propose to work on purely 
scientific problems rather than to 
those whose work would be primarily 
directed towards an economic end. 


(b) from the Maurice Hill Research 
Fund (established in memory of the 
late Dr M N Hill, FRS) for research in 
the general fields of physical and 
chemical oceanography, marine geo- 
physics and geology, either at sea or in 
laboratories and institutes having 
adequate facilities. 


(c) from the Marshall and Orr Bequest 
for the support of marine biological 
research, 


Grants may be used for periods up 
to one year, and are made on the 
understanding that university or other 
posts held by applicants will mean- 
while be kept open for them. 
Recipients are permitted to use grants 
while receiving salaries from regular 
appointments. 


Applications are also invited for 
two one-year junior research fellow- 
ships supported from the Maurice Hill 
Research Fund and the Marshall and 
Orr Bequest for applicants under 26 on 
1 April 1982; these can be taken up any 
time between April and October 1982 
and will be on the Society’s Category 
D salary scale (currently £7,018 x £406 
to £9,048 per annum with superan- 
nuation and national insurance). 


In 1982 the total amounts available 
to be shared among all successful 
applicants will be about £9,500 from 
the Browne Research Fund, £15,500 
from the Maurice Hill Research Fund 
and £17,000 from the Marshall and 
Orr Bequest; individual grants will not 
ordinarily be more than £1,500. 


Applications should be made on 
forms to be obtained from the 
Executive Secretary, The Royal 
Society, 6 Carlton House Terrace, 
London SWIY SAG, and returned by 
15 December 1981; applicants must 
state if they wish to apply for personal 
grants or for one of the junior research 
fellowships described above. 

(9746)E 





FELLOWSHIP IN ENVIRONMENTAL ENGINEERING 
Project: EFFLUENT FROM WOOD ETHANOL 
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CITY OF LONDON POLYTECHNIC 
Sir John Cass School of Science & Technology 
Department of Chemistry 


RESEARCH FELLOWSHIPS 


Excito-toxic Amino Acids & Analogues 
Applications are invited from Organic Chemists interested in Synthetic Medicinal 
Chemistry for two posts in this area. Applicants should possess the PhD degree. 
The first post, funded by the Medical Research Ceunci, is concerned with the 
chemistry of Kainis Acid, a very potent excito-toxin, isolated fom a sea weed. The 
aim of the project is to explore structure-activity relationships. This post is tenable 


for up to three years. 
The second post, 


is concerned with the chemistry associated with the 


development of potent amino acid amtagonists. This position will be tenable for 


one year. 


Good facilities are available for synthesis and the successful candidates wall be 
encouraged to become involved with the biological testing of the cornpounds. 

Salary (Researcher B} £6,462 per annum in the first year, rising to £5,867 in the 
second year and to £7,260 in the third year pius London Allowance of £759 per 


annum. 
Superannuation benefits provided. 


Applications including the names and addresses of two referees and a full 
curriculum vitae to: Secretary, Department of Chemistry, City of London 
Polytechnic, 31 Jewry Street, ECIN ZEY, to arive within three weeks of 


the appearance of this advertisement. 


THE ANIMAL VIRUS 
RESEARCH INSTITUTE 
BIOLOGIST/BIOCHEMIST 
TO WORK IN VIRUS 
GENETICS 


Applications are invited for a three 
year fellowship in aphthovirus 
genetics funded by The Wellcome 
Foundation Ltd. The department 
(made up of virologists and 
biochemists) is involved in several 
different aspects of aphthovirus 
genetics (Head of Department: Dr D 
McCahon). The successful applicant 
will work primarily on the biological 
side, in particular, the application of 
genetic recombination to the analysis 
of those biological functions of the 
virus that can be defined 
biochemically. The Institute has good 
facilities and technical support for all 
types of biological, biochemical and 
recombinant DNA research. 


Candidates should possess a PhD in 
a biological science (preferably viro- 
logy) with some training in bio- 
chemistry and at least an interest in 
virus or molecular genetics, The post is 
in the Higher Scientific Officer range 
£5,176 — £6,964. 


Application forms and further part- 
iculars from Secretary, Animal Virus 
Research Institute, Pirbright, 
Woking, Surrey GU24 ONF. Tel: 
Worplesdon 232441] during office 
hours. Closing date for returned 
applications, 30 November. 

(9744)E 


Location: Forest Research Institute, Rotorua, New Zealand 
A Fellowship is available for an environmental engineer with research ex- 
perience to examine and treat effluents arising from ethanol production by 
the wood hydrolysis-fermentation route. 
The successful applicant will be expected to: 
(a) fully characterise the effluents, (b) develop small laboratory systems for 
waste disposal, (c) supervise the construction and operation of a laboratory 
pilot plant based upon the most cost effective route, 
The Fellowship is offered for one year, renewable for a second year. A 


permanent position may be offered at the end of this time. Remuneration of 
up to $30,000 (NZ) per annum and assistance with re-location will be paid. 
Applications with Curriculum Vitae and the names of 3 referees should be 
sent to the Executive Officer, Forest Research Institute, Private Bag, 
Rotorua, New Zealand. Applications close 20th Nove 
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POSTDOCTORALS 


Two l-year postdoctoral fellowships 
are avalable at St George’s Hospital 
Medical School, to joininaprojectin — 
which monoclonal antibodies are 
being raised against mammalian and 
amphibian primordial germ cells, 
The aim of the project is to study 
antigenic sites which are specific to 
the migrating primordial germ cells, 
and in particular those which may 
play a role in the invasive behaviour 
of these cells. 


For further details contact Dr 
C C Wylie, Department of Anatomy, 
St George’s Hospital Medical School, 
Cranmer Terrace, London SW47 
ORE. Tei: 01-672 1245 extension 4623, 

(FASIE 


THE ROYAL SOCIETY 
JOHN MURRAY 
TRAVELLING 
STUDENTSHIP IN 
OCEANOGRAPHY AND 
LIMNOLOGY 1982 


Applications are invited for the above 
Studentship, open to British graduates 
under the age of 35, for the 
encouragement of travel and work in 
oceanography or limnology. This 
award, which may be held for periods 


from three months to one year, willin 


1982 be ap to £2,000, adjusted accord- 
ing to qualifications and place and 
duration of research, 


Applications are expecially invited 
from werkers in oceanography and 
limnology, as well as in zoology, 
botany, geology, mathematics and 
physics, and it will be permitted to 
hold the award while ‘receiving a salary 
from a regular appointment. 


Applications receivable by 15 
| December 1981 should be made on 
forms obtainable from The Executive 
Secretary (BHM/UMAM), The Royal 
Society, 6 Carlton House Terrace, 
London SWI SAG. (9745€ 








CONFERENCES 


Following the Preliminary Announcement 
PLACES are now being reserved for: 


Two Day Residential Conference 21-23 April 1982 


THE ROLE OF ANIMALS IN SCIENTIFIC 
RESEARCH AND THEIR EFFECTIVENESS AS 
SUBSTITUTE MODELS FOR MAN 


OWNES PARK MANCHESTER UNIVERSITY 


This Conference will provide a unique opportunity to spend two full 
days discussing the development of techniques which do not rely on 


animal experimentation. 


The eminent speakers come from a wide range of disciplines, thus 


ensuring a full and detailed coverage of the subject. 


Conference Fee has been set at the low figure of £50 for FULL two days 
accommodation and catering including the CONFERENCE DINNER. 


Prof J W Bridges, U. of Surrey 
Dr E R Carson, City U. of Lond. 
Mrs Ruth Clayton, U. of Edinburgh Prof M Panigel, U. de Paris 

Or T Connors, MRC Carshaiton Prof Dennis V Parke, U. of Surrey 

Prof D S Davies, Royal Postgrad. Med.S.Lond.Dr James Parry, U. Col. Swansea 

Dr Mary Dawson, U. of Strathclyde Prof Paul Turner, St. Bartholornew’s Lond. 
Dr R Fry, U. of Nottingham Dr S Vine, Late Chief Insp. Home Office 
Air Cdr J E Malcolm, Mr R N T-Wykeham-Fiennes, 

Royal College of Surgeons Late London Zoo 


Chairpersons to be led by Sir Francis Avery Jones 


APPLICATION FORM AND PROGRAMME WITH FULL LIST OF 


TITLES MAY BE OBTAINED FROM: 


The Conference Organiser, 
THE HUMANE RESEARCH TRUST FOR MEDICAL & 
SCIENTIFIC RESEARCH, 
Brook House, 

29 Bramhall Lane South, 
Bramhall, Stockport. 
Cheshire SK72DN. 


(9751)C 


Prof C D Marsden, inst. of Psychiatry Lond. 
Dr | H Muir, Mathilda & Terence Kennedy Inst. 


Telephone — 061-439 8041. 
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and COURSES 








NATO AND GULBENKIAN FOUNDATION 
INTERNATIONAL SUMMER SCHOOL 


GENE EXPRESSION IN NORMAL AND 


TRANSFORMED CELLS 
May 25 -- June 4, 1982 — Hotel Sintra-Estoril, Portugal 
Lectures and discussions in English will cover the following topics: 


1} The cell cycle: Entry and exit from the cycle; cycling and non 
cycling cells. 

2) Controls in ceil differentiation: (1) Cellular proliferation, growth 
and differentiation. (II) Teratocarcinomas. 

3) Cell transformation: (1) Virus, chemical and radiation induced. 

{il} Assays for tumorigenicity. {HI} Changes in gene expression 
accompanying transformation. (IV) Phosphorylation and viral 
transformation. 
Gene expression in a foreign environment: {I} Expression of 
cloned DNA’s and of mRNA’s injected into oocytes and somatic 
cells. (1) Gene transfer in mouse embryos. (Ill) Somatic cell 
hybridization; gene mapping. 

5) Genetic control of cell determination: (1) Pattern formation: from 
genes to the pattern. 

SPECIAL SESSION: Current catalogues of human and mouse 

proteins. 

The LECTURERS will include: M.L. Birnstiel (Switzerland), J.M. 

Bishop (USA), R. Bravo (Denmark), J.E. Celis (Denmark), P. 

Coffino (USA), M.J. Evans (England), L.M. Franks (England) A. 

Garcia-Bellido (Spain), J.I. Garrels (USA), A. Grassmann 

(Germany), F. Gros (France), M.C. Lechner (Portugal), G. Marbaix. 

(Belgium), M. Radman (Belgium), F.H. Ruddle (USA), R. Shields 

(England), A.E. Smith (England). 

The schoo! will be suitable for predoctoral students and for post- 

doctoral workers in related fields. 

Applications should be sent to the course director J.E. Celis 

{Biostructural Chemistry, Chemistry Department, University of 

Aarhus, Langelandsgade 140, 8000 Aarhus C, DENMARK) not later 

than MARCH tst, 1982. They should contain a curriculum vitae, 

applicant's scientific background and interests and one letter of 
recommendation. THERE IS NO SPECIAL APPLICATION FORM. 

The course is limited to 50 participants. 

The applicants will be informed before March 10th, 1982, whether 

they have been accepted. An accommodation fee of US$160 will 

then be required. Participants will have to pay for their own travel 
expenses as well as for evening meals. Hotel accommodation will be 
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STUDENTSHIPS 


ANIMAL DISEASES 
RESEARCH ASSOCIATION 
Moredun Research Institute 
AGRICULTURAL 
RESEARCH COUNCIL 
STUDENTSHIP 


Applications are invited for a student- 
ship in the Pathology Department. 
Candidates should possess a first or 
upper second class honours degree in a 





relevant scientific subject and be able 


to take up appointment as soon as 


n _ possible. Tax free maintenance allow- 
~~ ance of £2,245 pa for person living | 


away from home, plus fees and other 
allowances as appropriate. 


One of two projects are available (1) 
Studies on the protective role of 


=o gastrointestinal mucin glycoproteins 
-in relation to immune mechanisms in 


the gut (with Dr H R P Miller) (2) The 


nature of the protective response in- 


sheep against infection with Toxo- 
plasma gondii (with Dr D Buxton). 


Applications with the names of two 


referees should be sent to the | 


Secretary, Animal Diseases Research 
Association, 408 Gilmerton Road, 
Edinburgh EH17 7JH, from whom 
further particulars may be obtained. 
(9710F 


Typesetting: LW. Arrowsmith Itd, Bristol and QGutline Graphics I ido i onden ECA. 
Godfrey Lang Lid, London WCIR 4EB and The William Byrd Press ine., Kichmond, Vir 


arranged by the organizers. 


(W462)C 











ASSISTANTSHIPS 





UNIVERSITY OF OXFORD 
(Ref BR45) 
DEPARTMENT OF BIOCHEMISTRY 
Applications are invited for a 
POST DOCTORAL 
RESEARCH 
ASSISTANTSHIP 


supported by the SRC. The post is 
associated with the Oxford Enzyme 
Group NMR facilities which include 
470 MHz and 300 MHz instruments. 
The person appointed, who should 
have previous NMR experience, will 
be expected to collaborate both with 
biochemists and a small team in- 
volved in instrumental development. 
It is envisaged that this person would 
have a considerable degree of inde- 
pendence and there is great scope for 
one with initiative and the ability to 
organize. 


The post is for one year in the first 
instance with a salary in the range 
£6,070 — £8,515 pa according to age 
and experience. The post is available 
immediately. Applications with CV 
and the names of 2 referees should be 
sent to the Administrator, Depart- 
ment of Biochemistry, South Parks 
Road, Oxford OX13QU. (9769)P 


Printing: The Chesham Press 





AWARDS 





ANGLO-FRENCH 
MEDICAL 
EXCHANGE BURSARIES 


Applications are invited, before 16 
November 1981, for bursaries to be 
awarded in 1982 to young British 
clinical research workers under an 
exchange scheme between the 
‘Institut National de la Santé et de la 
Recherche Medicalé’ in Paris and the 
Ciba Foundation in London. The 
value of the grant is approximately 
$200 NF a month, tax free, plus a 
travel grant of £100. They will be 
awarded for periods of one to four 
months for clinical experience or 
research in France. Since the aim of 
the exchange is to spread in each 
country knowledge of methods, 
achievements, and outlook on the 
other side of the Channel, preference 
will normally go to candidates who 
hold teaching posts or are in positions 
where they can pass on the experience 
they have acquired. 


Application forms may be 
obtained from The Director, The 
Ciba Foundation, 41 Portland Place, 
London WIN 4BN, telephone: 
01-636 9456. (9773)N 





SEMINARS and SYMPOSIA 





SYSTEMATICS AND THE 
PROPERTIES OF THE 
LANTHANIDES 
A NATO ADVANCED 
STUDY INSTITUTE 
Braunlage, West Germany, 
July 11 — 25, 1982 


Topics include: 1. Systematics 2. 
Structural chemistry 3. Electronic, 
Spectroscopic and Magnetic pro- 
perties 4. Geochemistry. 


For further information and 
application form please write to: Prof 
S P Sinha, Hahn-Meitner-Institut, 
Postfach 390128, D-1000 Beriin 39, 
West Germany. (W461)M 





ANNOUNCEMENTS 


MEETING 
ANNOUNCEMENT 1982 


July 13-17. Vth International 
Colloquium on Rhabdovirus. 
Snowbird, Utah. Claire J. Turner, 
Director, Department of 
Conferences & Institutes, Division ol 
Continuing Education, 1120 Annex, 
University of Utah, Salt Lake City. 
Utah 84112 (NW 1007)G 





tid, Chesham, Bucks, and Kingsdale Press Ltd, Wokingham, Berks, in association with 
gima. Published by MACMH ELAN JOURNALS LTD, 41 inde Essex Street, London WC2R JH F. -— 22 October 198] 











Prize competition 
i announced by the 
Anna Monika Foundation 


for the investigation of the physical substrate and functional disturbances of depressions by approval of the - 
Minister of the Interior of Nordrhein-Westfalen, Düsseldorf, on June 9, 1965. The Foundation announces the _ 


First Prize U.S. S 15,000.- 
Second Prize U.S. S 5,000.- 
Third Prize US. S 2,500.- 


preferably for studies of biochemical, histological, neurophysiological, neuropathological, psychopharmacolo- 
gical, psychiatric or psychosomatic nature. The studies should be carried out in close cooperation with a psychia- 
tric clinic, a university or an equivalent scientific institution. As far as possible, the papers should give information 
about recent advances in knowledge that would be helpful in promoting treatmentand would open up new paths 
of progress. The papers may be written in German, French or English and should be submitted to the chairman of 
the Committee, Professor Dr. P. Kielholz, Basle, Switzerland. Besides hitherto unpublished studies, papers ` 
published in the past two years in a German or international professional journal may also be submitted. Dead- 
line for submission to the Committee is 30th September 1982. To help the Committee to come toa speedy decision 
it is requested that a maximum of three publications in four copies including an abstract coveri ng the content of 
each paper be submitted. Prizes will be awarded on the 30th June 1983. If, in the opinion of the Committee, no 
papers of sufficient merit are submitted, it reserves the right to make no award. Prizes and their amount will be 
awarded according to the merits of the study in question. Subject to the Committee’s decision, each prize can be 
divided between two papers. 








The Committee of Judges includes: 


Chairman: Professor Dr. P. Kielholz, Psychiatrische Universitätsklinik Basel, Wihelm-Klein-Strasse 27, 
‘(CH-4056 Basel/Schweiz 


Members: 

Professor Dr. Hugo Aebi, _ Professor Dr. Albert Herz, 
Medizinisch-Chemisches Institut Max-Planck-Institut für Psychiatrie, München 
der Universitat Bem/Schweiz Professor Dr. H. Hippius 

Protessor Dr. G. Baumgartner, Psychiatrische Klinik und 

Neurologische Universitats- und Poliklinik Poliklinik der Universität München 
Ziirich/Schweiz Professor Dr. Horst Jatzkewitz, 

Professor Dr. Otto Creutzteldr, Max-Planck-Institut für Psychiatrie, München 
Max-Planck-Institut fiir Professor Dr. D. Palm, 

biophysikalische Chemie, Gottingen Zentrum fur Pharmakologie der 

Professor Dr. H.J. Dengler, Johann-Wolfgang-Goethe Universitat, 
Medizinische Universitatsklinik Frankfurt/Main 

Bonn-Venusberg Professor Pierre Pichor, 

Professor Dr. Fritz A. Freyhan, Chaire de Physiologie Médicale 
Washington, USA Centre Psychiatrique Sainte-Anne, Paris/Frankreich 
Protessor Dr. K. Heinrich, Professor Dr. Dr. Wilhelm Stoffel 
Psychiatrische Universititsklinik Institut für Physiologische Chemie der 
Dusseldorf Universität Köln 


Managing Director: Professor Dr. Benno Hess, Téllnerstrasse 9-11, D-4600 Dortmund 1. 
. Circle No.18 on Reader Enquiry Card. 











LINK UP WITH 


BIOSEARCH 











OLIGONUCLEOTIDE 
SYNTHESIZER 


BIOSEARCH introduces the Synthesis 
Automation Module (SAM) for automated 
synthesis of DNA and RNA. The SAM is an 
extremely versatile automated synthesizer 
which easily attaches to existing HPLC’s, 
enabling the rapid and inexpensive synthesis 


of nucleotides as well as polypeptides 








The SAM has the following features 


Microprocessor Control 

The custom built microprocessor has a 500 
step memory incorporating 16 outputs, 

4 inputs and a 12 digit alohanumeric LED 
display 


Versatility 

All current ana en erging nucleotide 
synthesis methodologies may be employed, 
including the popular phosphite and 
ohosphotriester chemistries. The SAM may 
also be quickly adapted to peptide synthesis 


as Well as any number of new chemistries 


Custom Programming 

Nine user-defined programs may be stored 
n the machine. The SAM Is snipped pre- 
programmed to perform oligonucieotide 
synthesis by the phosphite method. Peptide 


synthesis programs will also be supplied 


Complete Automation 

All steps of the synthesis of the oligonuc leo- 
tides are performed automatically by the 
module. The phosphite method cycle time 


is 30 minutes 


Circle No. 02 on Reader Enquiry Card. 


Simplicity 
The SAM is easily connected to an HPLC 
and supplied with reagents in top-mountea 


reservoirs. Removal of the finished product 
and reconversion of the HPLC to an analytical 


instrument ts accomplished in minutes 


Service 

BIOSEARCH offers 

- A course in nucleotide synthesis 

- 6 months warranty on all parts and labor 

- Complete technological support for 
nucleotide synthesis, purification and 
sequencing 

- Acomplete line of reagents for nucleotide 


synthesis 


CUSTOM SYNTHESIS 
OF OLIGONUCLEOTIDES 


Because of recent technological advances 
in the automated synthesis of nucleotides, 
BIOSEARCH is able to offer the rapid and 


accurate synthesis of custom olgonuc leo 


tides 

Length of nucleotide $/1 OD 

4 500 

( B00 

8 1000 

1400 

9 1800 

4 9300 

15 9500 


- Sequence verified by Maxam Gilbert 

- Three week delivery time 

- Large quantities or longer sequences 
available 
Nonstandard sequences with modified 


bases available 


COMPLETE LINE 
OF NUCLEOTIDE 
CHEMISTRY PRODUCTS 
at new modest prices 


- Protected nucleosides 

- Protected nucleotides 

- Dimers 

- Linkers/Adapters 

- Coupling reagents 

- Derivatised resins for solid phase synthesis 
- All other reagents necessary for solid 


pnase or sOlutiONn synthesis 


inciluagea in the selection are 


Protected 

nucleosides $/gm $/5gm $/100 gm 
DMT 1A N Hz j : DA Tap 
DMT Ci N RZ f fy 490K j 
DMT-dG-(N-iBu : 0K) 4800 
DMT-dT 45 170 ORDO 
Blocked triester monomer kit 

500 mea Of eacn ¢ ri A t cKed S90 
monomers as TEA salts 

Dimer kit 

100 mg of each of 16 blocked $4600 
dimers as phosphate TEA 


The SAM will be available tn late fall, 1981, 
for $10,800. Blocked nucleosides for a 15mer 
cost approximately $300. A stand-alone 


synthesizer will also be available 


FOR ALL YOUR 
NUCLEOTIDE 
CHEMISTRY NEEDS 





lIOSEARCH 


1981-F Andersen Drive 
San Rafael, CA 94907 
Teler hone (4 155459 3007 


Outside CA (800) 297-2624 
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In accordance with the provisions of the foundation, Papersare herewith invited for 
1982 in conjunction with the 


HEINRICH WIELAND PRIZE 


which is endowed by the Margarine Institute for Health Nutrition, Hamburg, for the 
promotion of research. 


The prize, named after Professor Dr. Heinrich Wieland, the Nobel Prize winner who 

died in 1957,1s awarded annually and is offered for work on the chemistry, biochem- 

istry and physiology of fats and lipids, as well as on their clinical importance and 
their significance in the physiology of nutrition. 


The Heinrich Wieland Prize consists of a “Heinrich Wieland plaque” and the sum of 
20.000 West German Marks. 


The prize winner will be selected by a Board of Trustees which consists at present of 
the following: 


Prof. Dr. Karl-Heinz Baler, Mainz 

Prof. Dr. Wolfgang Gerok, Freiburg 

Prof. Dr. Rolf Griittner, Hamburg | 
Prof. Dr. Werner Heimann, Karlsruhe 

Prof. Dr. Dr. Konrad Lang, Bad Krozingen 

Prof. Dr. Dr. h.c. Gotthard Schettler, Heidelberg 

Prof. Dr. Dr. Wilhelm Stoffel, Cologne 

Prof. Dr. Theodor Wieland, Heidelberg 

Prof. Dr. Viktor Wolf, Hamburg 

Prof. Dr. Nepomuk Zollner, Munich 


Persons eligible for the 1982 HEINRICH WIELAND PRIZE are authors of unpub- 

lished scientific treatises or treatises published during the period from 1981 to 1982. 

Such treatises may take the form of individual studies or publications on related sub- 

jects. The relevant manuscripts or reprints of publications must be accompanied bya 

summary in German or English outlining the main results and the experimental 

method, as well as providing bibliographic details. Treatises that have already been 
awarded some other prize for scientific work are not eligible. 


The closing date for sending in Papers for the 1982 award is Ist March, 1982. 


A single copy of the Paper must be sent by this date to the following address: 
Board of Trustees for the Award of the Heinrich Wieland Prize, 
Prof. Dr. Alfons Fricker, Ringelberghohl 12, 7500 Karlsruhe 41, West Germany. 


The presentation of this year’s prize will take place at 10.30 a.m.on 30st October, 1981, 
in the Adolf-von-Baeyer Lecture Hall of the University of Munich, which is located 
in Meiserstrasse. 
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New versatility in polyacrylamide gel electrophoresis 


Basic PAGE technique has now expanded to include many ™ i 

successful modifications of the methodology. Performance oeer 
of all of these PAGE techniques and coverage of all stages 

in the procedures demands a highly versatile equipment =q | 
system. Look to Pharmacia for a system , : 
of unrivalled versatility and reliability. imagi 


—— | 












A 72 page book gives complete 


methodologies and [ye : 
Gel Electrophoresis ene = “a ee Two size options in electrophoresis apparatus, each with variable 
any Eset buffer circulation and high efficiency cooling, are complemented by 


techniques which a reliable power supply. 
can be performed l 


using the equipment 


= High and Low Molecular Weight Calibration Kits 
shown here. 


are available for convenience in molecular weight 
estimations. 


~ 
| i - 4 
C- 





Complete your 
work by de- 
staining and 
drying with 


Cast your own gels or 
choose from a range of 
ready made gradient 





reliable, gels for simple, repro- 
matched ducible high resolution 
equipment. WOTK. 
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Improvements in isoelectric focusing 


New concepts of high voltage focusing and volthour integration added to 
significant improvements in carrier 
ampholytes and agarose support media 
j= | have made Pharmacia the new leader in 

CE IEF technology. Pharmacia’s System has 
been designed with one aim—to extend 
the scope of this high resolution 
technique. 











MICOAGEA OAA DO SU OS oe e 


The 3000 volt power supply ECPS 


see | NE Flat Bed Electrophoresis apparatus FBE 3000 
3000/150 gives you more speed 


combines the latest design features, including 
and resolution with your IEF work. F outstanding cooling capacity, tor IEF, preparative 
Digital display of volts, current or IEF and immunoelectrophoresis with minimum 
power gives you more control and investment. 

ease of operation. 


The Volthour Integrator VH-1 monitors and displays 

elapsed volthours—the clearest parameter of an IEF . Pharmalyte® carrier ampholytes 

experiment. Now record, report and r t ti 7 Joy® IEE 
p ecord, report ana repeat your = Agarose IEF and Sephadex” IEF 

work with high precision. i are specially formulated 

to give you improved 


, results at analytical or 
i : preparative scale. 


Pharmacia 
Fine Chemicals 


The Pharmacia pl Calibration Kits allow 
easy and accurate determination of pH 
gradients. 


Bere 
`~ —e 


Ipp 


Pharmacia Fine Chemicals AB 
Box 175 

S-75104 Uppsala 1 

Sweden 
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GET THE MESSAGE muu 
with BRL’ Oligo(dT)Cellulose 


High Capacity 

Low cost ($70/gm; $280/5 gm) 
Binds > 90% of [7H] mRNA 

Low non-specific binding 

Lot analysis data with each purchase 
Free vial of VRC with purchase * 


The Message--AAAAAA: 


some researchers are under the mistaken impression that the first company to produce 
Oligo (dT) Cellulose must be the best source of this product. 


BRL challenges this notion! 


We are so confident that our Oligo (dT) Cellulose will meet your needs that we guarantee 
your satisfaction. 


The Offer: 


As an incentive to try our Oligo (dT) Cellulose, BRL will give you a free* 5 ml vial of Vanadyl 
Ribonucleoside Complex (VRC), the powerful transition state analog inhibitor of 
ribonuclease, useful in the preparation of intact MRNA (Berger, S. L. et. al. J. Biol. Chem. 
255: 2955-2961, 1980). Complete usage instructions for the VRC will be provided. 


Ordering Information 


To Order 





Product BRL No. Price 
Contact Customer Service Department Oligo (dT) Cellulose 59405A - $ 70.00 
800-638-8992 66.50 
5940SB - $280.00 
t 266.50 
Vanadyl Ribonucleoside 55225A $ 25.00 
5 Complex (VRC) i 23.75 
®) 22.50 
Á * Free VRC offer is good through December 34, 1984 
i 
Bethesda Research Laboratories, Inc. BRL GmbH BRL Bethesda Research Laboratories (UK) Lid. 
P.O. Box 6009 • Gaithersburg, MD 20877 Offenbacher Strasse 113 P.O. Box 145 « Science Park 
In Maryland: (304) 840-8000 6078 Neu Isenburg « West Germany Cambridge e CB4 4BE England 
Telex: 908750 BRL GARG Telephone: 06102-3206 Telephone: (223) 3415504 
Technical Services Telex: 417699 BRLNI D Telex: 818710 BRLCAM G 
800-638-4045 
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The Cancun summit has proved to be a modest success after all, but the hard talking has not yet begun 


Politicians - returned from last week’s conference on 
development. at Cancun in Mexico have been boasting that the 
occasion was less quarrelsome than had been feared. Certainly no 
delegation walked out. Recriminations (not entirely absent) may 
have been restrained by the complainants’ wish that there should 
be further talks on economic relations between industrial and 
developing nations. The developing nations seem also to have 
wrung concessions from the industrial states (see page 691). 
Perhaps the chief of these was the presence of President Ronald 
Reagan and his entourage — President Carter had been unable to 
decide whether turning up would do more harm than good. In the 
event, the Cancun conference turned out to be a modest success. 
So has a substantial beginning now been made on the problems of 
development and on the ambitious agenda sketched in the report 
of the Brandt commission nearly two years ago? Last week’s 
conference will have helped a little, but the nub of the problems of 
development remains largely untouched. There is a great deal of 
talking, some of it recriminatory, still to be done. 

Agriculture, the least contentious of development issues, is a 
good illustration of the deep differences of opinion and conflicts 
of interest that persist between developing and industrial states. 
Everybody, of course, agrees that a substantial and continuing 
increase of food production is urgently necessary in many 
developing countries. How is this to be accomplished? The people 
at Cancun appear to have agreed that there should be a 
reexamination of the machinery of the United Nations 
organizations concerned with agricultural development. This is a 
sensible decision. Different kinds of assistance with agricultural 
development are at present channelled through too many 
agencies. Technical assistance, for example, may be had from the 
Food and Agriculture Organization (FAO), the World Bank, the 
United Nations Development Programme (UNDP) and through 
bilateral agreements between the governments of developing and 
industrial states. Grants and loans for long-term development are 
provided by the World Bank, UNDP and again by bilateral 
agreements. Food may be scarce in developing countries, but 
there is probably a glut of external technical advice. So why are so 
many developing countries still unable to feed themselves? And 
why do industrial states so often drag their feet in contributing to 
_ the scale of international assistance for agricultural development? 

A large part of the problem, not often openly discussed, is that 
the governments of developing countries have often failed to give 
agriculture the priority it deserves in the whole process of 
development. In many places, the retail prices of basic foodstuffs 
are rigidly and uneconomically controlled. Low food prices may 
suit urban populations (where votes are to be found at election 
time) but also discourage farmers from growing as much food as 
they might (or persuade them to sell it only on the black market). 
India is lucky to have moved to self-sufficiency while operating 
such a system. Elsewhere (Ethiopia, for example) farmers may be 
compelled to sell their produce only to state-run marketing 
organizations whose effectiveness and even honesty is 
questionable. Other governments (Tanzania?) have subordinated 
food production to other social goals, collective land ownership 
for example. Other developing governments have lavished their 
attention on exportable cash crops to the neglect of domestic food 
production. It is in this connection absurd that Ghana should be 
better able to supply the children of the industrial world with the 
ingredients of their chocolate bars than its own people with basic 
foodstuffs. A more cruel irony is that food production in the 


0028-083678 I /440689-02$01 .00 


developing world should be as patchy as it is. 
Well-wishers of development must therefore acknowledge that 


as in many of their own industrial countries, the application of SS 
known and beneficent technology is frequently impeded by __ 


governments bent on squaring political circles of some kind. To 


concede this is not to overlook what has been accomplished in 


many developing states — India is merely the most conspicuous 
example not to ignore the serious physical and climatic 
impediments to agricultural development that persist in many 


places, the countries of the Sahel region for example. The a 


consequence, however, is that resentment must arise in the 
relationship between the many governments unable to feed their 


people and those elsewhere which might be able to help. 


Unfortunately, these conflicts are too often hidden behind 
euphemisms such as ‘let those in need do more to help. 
themselves’’. Mr Reagan’s advice that developing countries 
should do more ‘‘to pull themselves up by their bootstraps” is a 
less tactful version. The underlying conflict is that between the 
industrial states protesting that the governments of developing 
countries waywardly make ineffectual use of the help available 
and the putative recipients which complain that aid is more 
dependent on unwanted political interference. The conflict is 


real, and will not go away unless people talk about it openly —and : 


more formally than at Cancun. 

Similar conflicts arise in other fields, energy for example. The 
developing countries, at the United Nations conference on the 
subject in Nairobi last August and now in the more select 
gathering at Cancun, have been looking for two kinds of help — 


research and development that might contribute towards self- | 


sufficiency and, more immediately, financial assistance with 
which to buy oil. Here again, however, the existing technology of 
energy production (and that likely to be developed in the next few 
years) is technically a sufficient basis for increasing energy 


production in developing countries. More use would have been - : $ 
made of it if organizations such as the World Bank had had more o 


funds to lend in recent years, and if the governments of 


developing countries had been more willing to make equitable — pee 


agreements with the organizations that have become the chief 


agents of international technology transfer — the much reviled 


multinational companies skilled at drilling for oil, building dams 
or even nuclear power stations. (The complaint that the same 
companies have often in the past been exploitative has substance, 
but is also easily avoidable by simple legal instruments: the 
complaint that they seek to make a profit on their operations is 
irrelevant.) So the proposal canvassed in Nairobi in August that 


there should be a new international agency for thedevelopmentof _ i - 


energy resources ‘‘appropriate’’ to developing countries is both a 


diversion and a sign to others that the governments of developing 
countries may not all have appreciated the seriousness of the > 


problems that afflict them. 

For many developing countries, however, the financial 
consequences of more expensive oil are more immediate than 
physical shortages. Since 1974, for example, the economic 
prospects for Tanzania have been transformed from hope to 
crisis. For the governments concerned, it is especially galling that 
they have felt the full effects of dear oil while these have been 
partially avoided or at least postponed in industrial states because 
the oil producers obligingly return a substantial part of their 
financial surpluses by direct investment or even by lending 
directly to the governments of the industrialized states, (Part of 
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the price of this convenience is rapid inflation now and a load of 


unrequited debt for later.) So should the international monetary 
institutions provide loans to help developing countries out of 
immediate trouble? The United States has stoutly resisted this 
proposal, and rightly. In the long run, the cause of development 
itself would be undermined if the World Bank and the 
International Monetary Fund were saddled with loans that could 
never be repaid. The best solution is that the international 
institutions should stick to their rigorous practice of not lending 


ae empty prospectuses but that they should also be better 


equipped to finance economically sound oil-substitution schemes 
in developing countries. The question of principle that remains to 
be hammered out is whether the developing countries will accept 
the terms on which such assistance is offered. 

Policies and prejudices inimical to development are not, 


= however, confined to the developing countries, whose strongest 


argument is that industrial states seeking to bolster up a declining 

domestic textile or footwear industry habitually make it harder 
for them to pull themselves up by their bootstraps. Yet the best 
hope for both industrial and developing states is that the division 
of labour between them will find its natural (and constantly 
changing) level. This, so far as it goes, is the only durable basis for 
the “‘new economic order’’ on which many developing countries 
have set their hearts. The snag, for both parties to such a deal, is 
that the objective of industrial self-sufficiency must be replaced 
by that of interdependence. The domestic political and economic 
problems arising from an understanding along these lines would 
be serious. But no purpose will be served by hiding from them. If, 
as agreed at Cancun last week, there are to be talks within the 
United Nations on ‘‘global’’ economic problems, it is essential 
that the difficulties should not be buried. For it is a continuing 
frustration that the potential benefits of available technology 
should be denied because of the unwillingness of normally over- 
talkative politicans to say what is on their minds. ` 


Three million jobless 


The growing army of the British unemployed may 
one day have jobs again. But what? And how? 

With British unemployment now statistically indistinguishable 
from three million, or more than eleven per cent of the workforce, 
it is natural that the government should be nervous, the 
unemployed angry and those still with jobs both anxious and 
confused. The dole queues will be even longer by the time that the 
new Technical Change Centre has something to say on the subject 
which is central to its programme (see page 695). Already the rolls 
of the unemployed have been swollen by several thousand 
teachers from the schools, where demography of necessity strikes 
first. In the next few months, they will be further increased by 
some thousands of academics from higher education — some 


from the universities, some from the other institutions of higher 
“oo education once the government has learned to cut them down to 


size. So what is to be made of it all? 
-. The simplest and most comforting assumption is that the dole 
~~ queues will shrink again when prosperity returns, whereupon 
people will go back to the jobs from which they have recently been 
displaced. But that implies that the upheavals of the past few years 
-will have left no lasting mark on the pattern of British industry. 
The more disturbing but more realistic assumption is that the lists 
‘of the unemployed presage a lasting change similar in kind that 
_ required to strike an accommodation between the rich and poor 
countries (see above) but driven by the new technology whose 
seeds now abound (see Nature 15 October, p.499). Already, in 
Britain and the rest of Western Europe, steel-making capacity has 


been reduced and is unlikely ever again to be increased. If the 


demand for steel picks up, new plants elsewhere will be able to 
take up the slack more cheaply. The shift from manufacturing 
industry to service industries, the twentieth century equivalent of 
the previous century’s drift from the land, will continue. In the 
years ahead, part but not all of the service sector will need fewer 
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people to do the same work, with the result that during the 


recovery from the slump, it will be hard to tell whether people will 
be displaced more rapidly by automation from manufacturing 
industry than by administrative computers from the office. So 
how, it will be asked, is it possible to plan ahead? 

The simple answer is that planning ahead is not possible at all: 
the future for jobs, in Britain or anywhere else, will depend on the 
success with which countries are able to compete in productivity. 
But one thing is clear. The valuable jobs will be jobs that require 
technical skill. Not merely will they reward those who do them 
more handsomely than other jobs, but they will contribute 
substantially to the wealth of the community. In an ideal world, 
the two components of the job queues — the teachers displaced 
from their jobs and the young people who all too often have 
tragically not had a chance to work — would pool their resources 
so as to make the best of this circumstance. The teachers would 
help the unskilled young people to become eligible for the kinds of 
jobs the future needs. They might even in the process decide to 
establish some kind of institution for the transfer of skill from the 
skilled to the unskilled jobless. They might even call it a 
university. If they did so, the Privy Council would probably be 
asked by the University Grants Committee to stop them. 

So must not this be the worst time for the British government to 
cut back the budget for education? That is the obvious 
conclusion. Yet it is too obvious. For the British government has 
no choice but to save money across the board. Numerically, 
education has not done badly in recent years. The abruptness of 
the cut in the universities will harm institutions and scholarship 
principally because it is so abrupt — if the universities had been 
given say five years (not three) to live with 8.5 per cent less each 
year, and had been allowed to be flexible both in the pattern of 
their teaching and the means by which they recruited funds, few of 
them would have been able to complain. It is not, after all, as if the 
British educational system is above reproach. At all levels, it is 
academically too specialized, too snobbish (Oxbridge) and too 
slow to change. The complaint that academics should be making 
against the government is that it has not merely cut the public 
funds available but also settled the scale and pattern on which 
educational institutions will operate for years to come. 
Apparently persuaded that the educational system as it is could 
not cater for the future need of skill, it has neglected to ask 
whether a differently organized system might serve the purpose 
better. If it persists in this indifference, there is only a meagre 
chance that unemployment will shrink below three million. 

The unemployed also have a complaint to make more subtle 
than that so far made on their behalf by the trades unions. If the 
present upheaval in British industry marks a permanent and 
structural change in the pattern of industry, those now 
unemployed (and their children) have a right to ask for a chance of 
preparing for the new regime. Although the present government 
has continued many of its predecessors’ schemes for retraining 
people changing jobs, these opportunities are designed to 
produce traditional craftsmen, bricklayers and carpenters for 
example, not the kinds of skilled people likely to be needed in the 
years ahead. Similarly, the youth opportunities programme 
which services to keep more than half a million school leavers off 
the streets (and the unemployment roll) is more a device for 
allowing young people to learn at first hand what the now obsolete 
skills are used for than a preparation for the future. Is it too much 
to hope that the new Secretary of State for Employment, Mr 
Norman Tebbit, will recognize that this practice is absurd? What 
he must devise are ways of helping young people to be trained as 
computer programmers, as people who know what electronic 
equipment is like, as people who may, when the economy picks 
up, have to use numerically controlled machine tools. Several 
steps are needed. The costs of fees paid to educational institutions 
(private as well as public) should be deductible from a person’s 
income before he pays tax. The public sector of the educational 
system should be made more flexible, able to take in people 
without formal academic qualifications, in the evenings. And the 
government itself should provide those in the dole queues with a 
more realistic account of what the future may be like. 
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Third World 
struggles for 
UN changes 


Cancun, Mexico 

Last week’s meeting of the heads of state 
of 22 developed and developing nations in 
Cancun could help to break the stalemate 
which has characterized recent efforts to 
devise new strategies for technical and 
financial assistance to Third World nations 
through agencies of the United Nations. 

The meeting failed to provide the clear 
resolution which many had hoped for. In 
summing up the discussion, the co- 
chairmen, Mexican President José Lopez 
Portillo and Canadian Prime Minister 
Pierre Trudeau, stated merely that there 
had been agreement to support 
preparations within the United Nations 
towards ‘‘global negotiations’’, the term 
being used to embrace efforts to overhaul 
the technical and financial agencies of the 
United Nations for the greater benefit of 
the Third World with no clear indication of 
when or how any charges would be 
implemented. 

This failure to reach specific agreement 
reflected the opposition, particularly from 
the United States and the United Kingdom, 
to any attempt at moving decision-making 
responsibility for the financial agencies of 
the United Nations into the UN General 
Assembly, where they would all become 
subject to a one-country one-vote system 
of control. However, delegates attending 
the Cancun meeting expressed cautious 
optimism that it had at least provided a 
basis for more detailed discussions. 

It had been hoped that two areas 
concerned with the applications of 
technology to development would receive a 
significant boost from the Cancun 
meeting. First, the World Bank’s efforts to 
increase the amount of capital available for 
investment in energy projects in Third 
World countries. And second, the 
continued attempt to put into effect the 
recommendations of the UN Conference 
on Science and Technology for Develop- 
ment which took place in Vienna in 1979. 

There was some slight but significant 
movement on both these fronts. The idea 
of an energy affiliate attached to the World 
Bank, thought to have been virtually 
scuppered by the opposition of the Reagan 
Administration, is far from dead. Many 
heads of state at Cancun spoke strongly in 
favour of the proposed affiliate. Par- 
ticularly significant was the announcement 
by Saudi Arabia that it too supported the 
proposal. To the United States this seemed 
to imply the creation of a new ‘‘energy 
sector” to finance energy projects within 


Hopes from the North-South summit 


the World Bank, although the United 
States and the United Kingdom insist that 
this should only be done if there were new 
funds for the purpose. 

At the same time, members of several 
delegations informally expressed support 
for a new initiative, now backed by 20 
developing countries which signed a declar- 
ation at a meeting in Caracas three weeks 
ago, to set up a special fund for helping 
developing countries to build up their 
scientific and technological infrastructure. 

These funds would be used to carry out 


some of the recommendations of the’ 


Vienna meeting, with a suggested initial 
target for voluntary contributions of a 
million million dollars over the years 
1982-87. One possible form for the fund 
would be to base it on the International 
Fund for Agricultural Development 
(IFAD), set up after the World Food Con- 
ference of 1972 with funding from the 
developed nations, the oil-producing 
nations and the developing nations. 

But the differences that remain, both on 
the appropriate way of raising capital for 
energy projects in the Third World and on 


the best method of building up thei 
scientific and technological infrastructure, 
reflect the wide gulf between the free 3 
market ideology of the United States and- 


the interventionist stance of most Third 


World governments. 


On food, for example, President Reagan — 
had announced previously in a speech in > 
Philadelphia that the United States 


intended to shift its aid efforts towards. 
market-oriented qualities that would create 


“self-sustaining capacity” for research —- 


and innovation, and stimulation of job- 
creating entrepreneurship in rural areas. 
Those attending the Cancun meeting 
agreed that priority should be given to 
finding ways in which developing countries 
could raise their own food production 
rather than to providing direct food aid. | 
But several developing countries aiso 
pushed for more direct intervention, for 
example, in the setting up of large 


emergency food stockpiles to compensate 


for poor harvests, and for greater efforts to 

establish a world food system embracing 

both production and distribution. 
Discussions on both energy and food 


Monkey business hits university laboratory 


One of Britain’s largest and best lab- 
oratory breeding colonies of rhesus 
monkeys is finally to be disbanded despite 
the fact that it has not been possible to 
import the animals from their usual source 
for the past three years. About half the 
monkeys are likely to find homes elsewhere 
but the other half may be killed — ten of 
them already have been — because they 
harbour a virus which can be fatal to man. 

The virus is herpes simian B virus, with 
which monkeys can be either acutely or 
latently infected. An animal in the former 
state is very dangerous since the virus can 
be passed on to man through a bite; most of 
the recorded human infections of this type 
have been fatal. By contrast, animals which 
carry the virus in latent form pose no threat 
to humans except for the possibility of 
reactivation of the virus to its infectious 
form in conditions of severe stress. That 
possibility seems remote to judge by the 
lack of concern that many of the monkeys 
in zoos and wild life parks carry the virus in 
latent form. 

The University of Birmingham, 
however, became particularly concerned 
about its monkeys in the wake of the death 
in 1978 of one of its staff from smallpox 
contracted, it is believed, from a virus that 
had escaped from one of their laboratories. 
That incident, the fact that the Medical 
Research Council had just issued new 
guidelines on the hazards of simian virus 
and the general state and age of the housing 
for their rhesus monkey colony, led the 
University of Birmingham to ask the 
Health and Safety Executive to give advice 
on the safety standards of the monkey 


housing. The upshot was that the 
university decided that it would cost 
£250,000 to modernize the building -= a 
figure believed in some quarters to have 
been wildly inflated. In any case the 
university decided it could not afford 
modernization and that the colony would 
have to go. 

That decision was made in September 
1980 (although werk on the monkeys 
carrying latent virus had been suspended ip 
February of the previous year for lack of | 
adequate safety). Following the decision 
Dr J, Marston, a qualified veterinary 
surgeon who had been closely involved 
with the maintenance of the colony for 
several years, suggested that he should be. 
allowed to remove the monkeys to private. 
housing and breeding facilities which he 
hoped to establish. The university agreed in 
principle but, after considerable capital 


had been raised, Dr Marston’s plans were 
thwarted by the Home Office which was = 


not satisfied with the proposed facilities. 


According to Dr Marston, the Home 


Office moved very slowly to its final 
decision and three weeks before it was- 
finalized, at the end of September, the 
university threatened to start killing off the 
monkeys. Two weeks after the decision, on 
12 October, the university ordered the 
killing of the infected animals at the rate of 
ten per day. Ten were killed with the 
participation, at his own insistence, of Dr 
Marston but a stay of execution was then 
issued. Dr Marston is now trying to find 
homes for all the monkeys including those 
with the latent virus, Home Office rules 
permitting. Peter Newmark 
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¿were generally thought to have moved 
<< forward at Cancun, perhaps providing a 
<=- basis for later, more substantial, agree- 
ments. But the movement which several 
national heads such as Mrs Thatcher and 
French President Francois Mitterrand 
claimed was made in the direction of the 
“global negotiations” being demanded by 
-the more militant of the developing nations 

‘as so small as to be virtually 
imperceptible. David Dickson 









s€rman cancer centre 
a aih . bad + 
Commission meets 
The first meeting has taken place of the 
_. International Commission appointed to 
look into the continuing problems of the 
_. German Cancer Research Centre in Heidel- 
< c berg (see Nature 1 October, p.328). The 
commission spent 21-23 October in Heidel- 
> berg talking to all parties concerned and 
expects to complete its report in mid- 
-December for delivery by the end of the year. 
: The task of the commission, under the 
chairmanship of Sir Michael Stoker, is to 
<: @arry out an impartial investigation of the 
- problems of governance of the centre and 
the. quality of its research programme 
¿= following the resignation in June of the 
director, Dr Hans Neurath. On 23 Septem- 
ber Dr Neurath made clear his case saying 
that his plan to improve the quality of 
research at the centre had been obstructed 
and that the institution was ‘‘plagued by 
Serious and perhaps irreconcilable conflicts 
of interest”, largely stemming from an 
“old established majority’’. 
oe. While in Heidelberg the commission 
"met, among others, Dr Neurath, the heads 
. and/or staff representatives of all eight of 
_. the institutes that make up the centre and 
Dr Wolfgang Finke, chairman of the centre’s 
supervisory body, the Kuratorium. The 
- commission also reviewed recent publications 
by the staff of the centre. 
The commission is likely to focus its 
attention on the Scientific Council of the 
= centre, an internal body consisting of the 
eight heads of institute together with one 
= = other member of each institute who is 
elected by the staff. As it stands, any 
director of the centre wishing to make 
major changes in its activities would need 
either to have the majority support of the 
Scientific Council or be prepared to try and 
push ahead regardless. It is clear that Dr 
Neurath’s proposals to bolster the quality 
and quantity of basic research at the 
expense of some clinical therapy and. anti- 
cancer drug screening did not enjoy the 
support of the Scientific Council. 
It will be for the next director, not the 

















implement. He or she is not likely to be 
chosen until after the commission has 
reported but an announcement of the 
. interim director is due in mid-November. 
` The commission must hope that its advice 
~~ Jeads to the possibility of effective direction 
next time round. Peter Newmark 
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commission, to decide what policy to 


New improved PWRs_ | 

The task force appointed during the 
summer to streamline the design of a 
pressurized water reactor (PWR) 
suitable for British conditions has 
worked swiftly. Its new reference design 
was adopted by the Central Electricity 
Generating Board last week. The 
National Nuclear Corporation, for 
whom the task force did its work, will 
now draw up detailed specifications 
based on the reference design for 
Britain’s first PWR planned to be built 
at Sizewell in Suffolk. The detailed 
design should be published next April or 
May, but the corporation plans to have 
an estimate of cost within two months. 

The task force’s apparent success 
follows on the nuclear corporation’s 
earlier failure to design a satisfactory 
British PWR. The corporation’s efforts 
were scrapped by the Department of 
Energy after the estimated cost of the 
reactor began to soar, largely due to the 
incorporation of extra safety features. 
The department appointed Dr Walter 
Marshall, chairman of the UK Atomic 
Energy Authority, to lead the task force 
to come up with a cheaper design 
quickly. 

The details of the new reference 
design have not been released, but it is 
thought to resemble closely the stan- 
dardized nuclear power plant system, 
SNUPPS, on which PWRs built by 
Westinghouse in the United States are 
based. It is unlikely that it retains any of 
the extra safety features incorporated in 
the previous attempted design, which 
included extra emergency core cooling 
systems, modified coolant pumps and 
extra thick concrete shielding. 

The task force’s design has taken only 
three months. Speed was important to 
meet the deadline set for the public 
inquiry into the siting of the reactor at 
Sizewell due by the end of 1982. A 
detailed specification of the reactor 
must be published well before the 
inquiry to permit public scrutiny. 

Judy Redfearn 


Oil pollution 


British problems 


The British government machinery for 
coping with major oil spills is inadequate, 
according to the Royal Commission on 
Environmental Pollution, whose latest 
report on oil pollution of the sea was 
published last week. The problem is that 
too many government departments, local 
and other interested bodies, often with 
conflicting interests, are involved in clean- 
up operations. The commission’s report 
recommends that responsibility for dealing 
with the larger spills should be vested solely 
with the Marine Pollution Control Unit, 
which should be strengthened to cope with 
the task and made responsible to both the 


_ Departm 


of Trade and the 





Environment. | 
The commission’s report is the outcome 
of three years of study begun when the 


Amoco Cadiz spilt 200,000 tons of crude 


oil after running aground in the English 
Channel off the north coast of France. 
Although British coasts escaped extensive 
pollution (the coasts of Brittany bore the 
brunt), the incident reinforced public 
anxiety over the environmental conse- 
quences of major oil spills. The then 
Labour government requested the royal 
commission to investigate the general issue 
and accordingly its report is wide ranging, 
including sources of oil pollution, the 
consequences of both chronic pollution 
and major spills for marine life and public 
amenities and international and national 
attempts at prevention and control. 
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Sites of major oil spills around Europe 


The report, however, has one word of re- 
assurance. The commission found that 
neither chronic oil pollution nor major 
spills pose a permanent threat to the marine 
environment. Oil slicks affect marine life 
only for as far as they extend and as long as 
they last. Once they disperse, marine 
systems usually recover over a period of a 
few months to several years. Although sea 
birds are more susceptible to the effects of 
both chronic pollution and major spills 
than are fish, the commission found no 
evidence that any breeding colonies in 
Britain are currently threatened. Intertidal 
ecosystems are likely to suffer more than 
marine life in the open sea. 

The commission found that research on 
the effects of oil on marine animals is 
adequate but that a lack of knowledge of 
the natural variability of marine systems 
makes it difficult to assess the singular 
effects of oil spills. Hence, rather than 
more research it urges greater coordin- 
ation, in particular between research on oil 
and that on other pollutants such as heavy 
metals and polychlorinated biphenyls. 

Despite the reassurance, however, the 
commission says that the immediate effects 
of major oil spills are sufficiently 
unpleasant to warrant greater effort at pre- 
vention and a more efficient way of coping 
with accidents. British government policy 
comes in for a drubbing. According to the 
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report, the Department of Trade lacks a 
sense of urgency in negotiating inter- 
national agreements on standards for oil 
tankers and controls to monitor the compe- 
tence of crews. The hydrographic survey of 
shipping lanes around Britain ds also 
inadequate. The report recommends that 
the government should extend the limit of 
territorial waters from three to twelve miles 
and that permission for oil drilling in areas 
of the North Sea designated environ- 
mentally important should be refused. 

The brunt of the criticism, however, is 
reserved for contingency plans to cope with 
oil spills. Apart from divided responsi- 
bilities, the commission criticizes the 
emphasis put on the use of chemicals — 
themselves more dangerous to marine life 
than oil — for dispersing oil slicks on the 
open sea. More attention, it says, should be 
paid to coping with oil in harbours and on 
the sea shore. Local authorities should 
remain responsible for minor spills, es- 
pecially those inshore, but a small per- 
manent core of experts should be available 
nationally to coordinate clean-up oper- 
ations and advise on major spills. 

The commission rejects the 
government’s proposal to set up local 
Coastal Pollution Coordination Centres 
when major spills occur, on the grounds 
that their remit to achieve concensus 
between interested bodies will render them 
ineffective. Instead, it recommends that 
the existing Marine Pollution Control 
Unit, responsible to the Department of 
Trade, should be revamped to take on the 
task. The unit’s operations at sea should 
remain under the trade department but 
operations onshore should come under the 
responsibility of the Department of the 
Environment. Judy Redfearn 


Indian satellites 


November launch 


New Delhi 

India is hoping to launch its second 
Earth observation satellite, Bhaskara II, 
some time in November before it takes a 
major step in space communication 
technology when Indian National Satellite 
LA (INSAT IA) is launched in April 1982. 
Bhaskara Il, an improved version of 
Bhaskara I, is now being transported to the 
cosmodrome at Volgograd in the Soviet 
Union for installation on board a Soviet 
launch vehicle. 

Bhaskara I, launched on 7 June 1979, 
was expected to function for a year, but 
continued to operate normally until | 
August this year. The satellite achieved 
most of its goals in the process. Bhaskara Il 
is to carry a two-band television camera for 
visible and near infrared imaging and a 
three-frequency radio meter operating at 
19,22 and 31 GHz frequencies. 

Meanwhile, INSAT IA is being prepared 
for launch on a Delta vehicle from 
Cape Canaveral in the United States. 
INSAT IA is a three-axis stabilized satellite 


like. Apple, India’s experimental 
communications satellite launched last 
June. INSAT IA is to be stationed in a 
parking orbit at longitude 74°E; this will 
facilitate nationwide television and radio 
broadcasting and long distance telephone 
connections during its seven years in orbit. 

India’s meterorological department is 
setting up a meteorological data utilization 
centre in Delhi, 110 data collection 
platforms on land and sea all over the 
country and 100 disaster warning sets in the 
coastal areas to operate in conjunction 
with the meteorological payloads to be 
provided by INSAT-IA. The tele- 
communications component will provide 
more than 8,000 two-way long distance 
telephone circuits, round-the-clock 
weather forecasting and mapping of the 
entire country. 

INSAT-IA will be followed by INSAT- 
IB to be parked in the 94°E geostationary 
orbit. 

The International Telecommunications 
Satellite Organization has agreed to 
increase by 12 per cent the capacities of the 
two Indian satellites to be placed in the geo- 
Stationary equatorial orbit. This would 
make possible more intensive use of the 
telecommunications capacity of INSAT. 

Sunil Saraf 


Sun-comet collision 


Extreme conditions 


The first ever recorded collision between 
a comet and the Sun was detected by a US 
Air Force satellite in mid-1979, the Depart- 
ment of Defense has revealed. The news 
has only just emerged because the satellite 
experiments had been given low priority, 
and the data tapes have only just been 
analysed. 

Dr Donald J. Michels, 
Research Laboratory scientist whose 
‘*Solwind’’ coronagraph detected the 
collision, estimates that the impact velocity 
was 640,000 miles per hour. But the orbit is 
not very well determined because the comet 
only appears on eight frames, covering 138 
minutes, before it disappears behind the 
occulting dish of the coronagraph. A few 
hours later, a gigantic cloud of debris is 
visible extending a few million miles above 
the solar surface. The record continues for 
about 24 hours after the collision. 

Michels’ experiment was not designed to 
detect comets, but to collect data on 
coronal transients which might later be 
correlated with magnetic storms or aurora 
on Earth — phenomena which can inter- 
fere with missile warning systems. It 
consists of a one-inch telescope designed to 
give high rejection of scattered light. It is 
aimed at the Sun, with an occulting dish 
shadowing a region of about twoand a half 
times the solar radius. Thus the apparatus 
did not detect the actual moment of contact 
on 30 August 1979, but only the approach 
of the comet and the coronal events after 
the collision. 


the Naval 
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The telescope — still in operation — 
records a white ight image on a videcon 
tube, so there is no spectral information. 
But it is possible to extract some polari- 
zation information, Michels says. 

Michels is not a cometary scientist, and 
to analyse the data he will work with Dr 
Zdenek Sekanina, an expert on cometary 
dust at the Jet Propulsion Laboratory, 
Pasadena. 





A Sun-grazer camet collides with the Sun on 
30 August 1979 observed by a US defence 
satellite. Above: the approach. Below: the 
debris. The Sun is obscured by an occulting 
dish to the equivalent of 2.5 solar radii, but 
the white disk ndicates the Sun’s position 
and size. Venus appears to left. Eleven hours 
separate the (we pictures. 


According -© Sekanina, the most 
important miss ng factor is the cometary 
orbit. Without that it is difficult to analyse 
the three-dimersional motion of the dust 
and tail. So Michels has put out a request 
for other observers to check their data to 
see if there are any earlier pictures of the 
comet on the way to the Sun. So far they 
have had no success. 

But even without the orbit it will be 
possible to learn something from the 
pictures, says Sekanina. The time 
evolution of the tail in the intense radiation 
environment close to the Sun should yield 
new data on dust particle sizes and compo- 
sition. For instance, it would be interesting 
to estimate the distance from the Sun at 
which the particles start evaporating. 

The collisiom is an extreme case, in 
extreme conditions, says Sekanina, and 
that is bound te reveal something. 

Robert Walgate 
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Greek politics 
Cultured science 


The success of the new socialist 
government in Greece under Mr Andreas 
Papandreou seemed to have introduced a 
touch of rare glamour to science politics: 
the actress Melina Mercouri was to have 
been Minister for Culture and Science. 
Unfortunately the ‘‘science’’ in her title is 
merely a tag, and Miss Mercouri’s role will 
bé more to do with monuments than 
molecular biology. 

Affairs more directly affecting scientists 
are likely to rest with the Minister of 
Economic Coordination (Mr Apostolos 
Lazaris) and the Minister of Education and 
Religious Affairs (Mr Leftheris Verivakis). 
Lazaris will master the three-year-old 
Science, Research and Technology 
Agency, which is reorganizing basic science 
funding along the usual western lines of a 
research council; and Verivakis will direct 
the reform of the 14 university-level 
institutions of Greece. 

If its election campaign promises are to 
be believed the new government will show 
less interest than the previous one in a 
(hypothetical) Greek nuclear power 
programme. Recent earthquakes have 
increased popular resistance to nuclear 
energy (for fear of damage to reactors), 
and Papandreou has called for ‘‘more 
research”. 





President Caramanlis meets Minister Mercouri 


Papandreou, for 20 years a professor of 
economics at Harvard University, is also 
interested in university reform, and is likely 
to encourage Verivakis (a 40-year-old 
lawyer) to move rapidly to implement his 
party’s proposals. These broadly follow 
the lines of the reform committee, headed 
by Professor F. Mitsis, which reported to 
the last government. Verivakis, though, 
may go further in proposing open entry to 
the universities and the abandonment of 
the present entrance examination. 

Verivakis may also attempt to increase 
the numbers of postgraduate students in 
Greece — something that should follow the 
substitution of the paternalistic ‘‘chair’’ 
system by a more modern departmental 
organization for the universities. 

Opening the universities to all comers, 
however, may have to wait until the Greek 
economy picks up. For example, in the 
1982 entrance examinations, just finished, 
there were 82,240 candidates for 26,694 
places. Robert Walgate 
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Scientists against nuclear weapons — a list 


Readers — particularly those who do not realize that 24-31 October is United 
Nations Nuclear Disarmament Week — may be interested to know of the following 
organizations which have been set up by and for scientists who are opposed to 
nuclear armaments. The self-expressed objectives of the organizations are, 
generally speaking, to coordinate and enhance technically informed opinion, inside 
and outside government, concerning nuclear armaments policies. The expanding 
membership of these organizations reflects a growth of concern in the scientific 
community, illustrated also by a statement signed by at least half of those attending 
the recent International School of Plasma Physics at Varenna (though not by the 
Soviet or Chinese participants). The statement emphasizes that ‘‘physicists bear a 
heavy burden of responsibility for the present danger’’, and that they should 
‘‘oppose the resignation and passivity which is so widespread’’. The following list is 
not exhaustive and we would like to be informed of other organizations around the 


world formed for the same purpose. 


@ Union of Concerned Scientists, 1384 
Massachusetts Avenue, Cambridge, 
Massachusetts 02238, USA. 

@ Ground Zero, 806 15th Street, Suite 
421, Washington, DC 20005, USA. 

@ Physicians for Social Responsibility, 
25 Main Street, PO Box 144, 
Watertown, Massachusetts 02172, 
USA. 

@lInternational Physicians for 
Prevention of Nuclear War, 635 
Huntingdon Avenue, Boston, 
Massachusetts 02115, USA. 

@ Science for Peace, c/o Professor D. 
Paul, Department of Physics, Univer- 
sity of Toronto, Toronto MS5S 1A7, 
Ontario, Canada. 





US telecommunications 


End to AT&T saga? 


Washington 

In a move which could persuade the 
Reagan Administration to drop anti-trust 
charges against the massive American 
Telephone and Telegraph Company 
(AT&T, otherwise known as the Bell 
System), the US Senate has passed 
legislation that would allow the company 
to set up a wholly-owned subsidiary to 
enter the computer and information 
processing fields. 

Similar legislation is expected to be 
passed soon by the House of Represen- 
tatives, and a deregulation bill is likely to be 
signed into law by President Reagan early 
next year. The bill marks an attempt to 
bring US telecommunications into line 
with the technology of the 1980s and is the 
first major change in structure of federal 
controls since the 1934 Communications 
Act. 

Congress has been struggling for six 
years over what to do about AT&T. Under 
a consent decree reached with the 
Department of Justice in 1956, AT&T — 
the largest company in the world, with 
assets exceeding $125,000 million — was 
granted a virtual monopoly in the regulated 
local and long-term telephone markets, but 
on condition that it did not enter any 
unregulated markets. 


@Canadian Peace Research Institute, 
Gryffin Lodge, Huntsville POA 1KO, 
Ontario, Canada. 
@ Scientists Against Nuclear Arms, 11 
Chapel Street, Woburn Sands, Milton 
Keynes MK17 8PG, UK. 
@ Medical Campaign Against Nuclear 
Weapons, 120 Edith Road, London 
W14, UK. 
@ The Pugwash Conference on Science 
and World Affairs is not a *‘member- 
ship organization’”’ in that people attend 
the annual conference by invitation. 
Individuals may, however, join the 
national branches of the organization to 
be directly informed of its activity. 
Philip Campbell 


The latter category includes computer 
equipment and data processing. As these 
fields have blossomed in recent years, so 
has AT&T’s desire to enter and compete in 
them — and therefore to change the terms 
of the consent decree. This it would now be 
able to do under the legislation approved 
by the Senate, through a subsidiary 
generally known as Baby Bell. 

Responding to criticisms that, if the new 
company and its parent were too closely 
linked, its degree of support would 
constitute unfair competition against other 
companies already in the information 
processing field, the Senate has stipulated 
that the two should have an ‘‘arms-length”’ 
relationship. This is one of the conditions 
that the Justice Department has decreed 
must be included in any deregulation 
legislation, if it is to drop its anti-trust suit 
against the company. That suit, begun six 
months ago, remains adjourned. 

More concessions are expected to be 
demanded in the House, reflecting the 
views of AT&T’s largest corporate 
subscribers. Many are alarmed, for 
example, that Baby Bell might establish its 
own more sophisticated long-distance 
telecommunications system to compete 
with the now ageing Bell System, but 
without the local controls to which the 
current Bell System, which carries 98 per 
cent of all long-distance voice and data 
transmission, is subject. 

David Dickson 
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Technical innovation 


All change 


Britain’s newest think-tank, the Techni- 
cal Change Centre, appears to be limbering 
up for thought. Sir Bruce Williams, 
director of the centre, announced recently 
the appointment of two assistant directors 
at the establishment, Professor Ronald 
Dore of the University of Sussex and Dr 
Alun Jones, deputy editor of Nature 
during 1972-73 and since then with the 
British Steel Corporation. Professor Roger 
Williams, of the department of govern- 
ment at the University of Manchester, will 
also join the centre on secondment from 
the beginning of 1982. 





Jones: from Nature fo nurture 


The centre owes its existence to a sub- 
stantial grant from the Leverhulme Trust 
and a consortium of research councils as 
well as to the now-defunct hope that there 
should be a centre in Britain equivalent to 
the Brookings Institution in Washington. 
Sir Bruce Williams and his deputy, Dr A.J. 
Kennedy, have been at work since July, 
and a research fellow started in September. 
With the appointments now announced, 
the centre is planning a pause on recruit- 
ment while consulting in government and 
industry on promising lines of enquiry. 

One of the research projects at the centre 
will be the role of incremental changes in 
technology in the economies of industrial 
states. Other projects planned include a 
study of the response of managers to new 
projects, and in particular of their 
reactions to various motivations, the 
importance of new firms in the intro- 
duction of innovations and the launching 
of major manufacturing developments on 
the basis of research and development. 

At least two of the centre’s projects will 
be educational, concerned with the British 
educational system as an inhibitor of 
technical change. The centre says, 
however, that it is not exclusively 
concerned with change as a harbinger of 
economic growth but also with criteria for 
helping to strike a balance ‘‘between 
economic growth and improvements in the 
environment at work and at large’’. 
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Brazilian reactor 


Unrestricted uranium 


Rio de Janeiro 

The Vice-President of the United States, 
George Bush, announced during his recent 
official visit to Brazil that the country was 
free to buy enriched uranium from 
elsewhere than the United States for the 
first reloading of its United States-built 
nuclear reactor Angra I. 

The 620-megawatt Westinghouse plant 
will be fully operational by the end of 1981 
and the first reloading will be due in two 
years’ time. The gradual hardening of 
United States legislation on nuclear 
safeguards, coupled with the initial 
contract’s demand that refuelling be 
provided exclusively by the United States, 
caused enough problems but Brazil’s 
refusal to sign the Non-Proliferation 
Treaty made it practically impossible for 
the United States Department of Energy to 
authorize the exportation of enriched 
uranium to Brazil. 

Following discrete negotiations between 
the Brazilian utility company Furnas and 
the United States Department of Energy, 
Mr Bush announced a diplomatic solution: 
he has bypassed United States law, 
declaring that ‘‘the Secretary of Energy 
opened an exception so that the penalty 
clause of the nuclear contract with Brazil 
could be dispensed with in the case of 
Brazil’s purchase of the next fuel load for 
Angra I . . . Brazil will acquire the next 
fuel load from another source’’. Brazil is 
already negotiating the acquisition of fuel 
rods from Eurenco. 

This generosity may be short-lived as Mr 
Bush later reiterated that Brazil should join 
the category of ‘‘recently industrialized 
nation’ and thus lose the benefits of 
economic and financial aid reserved for 
‘*developing’’ countries. Maurice Bazin 


Yugoslav universities 
Student mirage 


The University of Kosovo in Pristina, 
the scene of last spring’s demonstrations by 
students from Yugoslavia’s Albanian 
ethnic minority, has mysteriously shrunk 
by more than 50 per cent during the course 
of the summer. After the demonstrations, 
a major investigation and reorganization 
of the university was carried out by a 
special party action committee, headed by 
Dr Redzep Gasi. Every student and 
academic in the university was screened 
politically, a process officially described as 
**differentiation’’. At the end of the in- 
vestigation, it was found that the university 
did not have the 45,000 students it claimed 
last spring but a mere 20,434. 

Last June, the Belgrade authorities had 
urged that the University of Kosovo should 
be reduced in size, to correspond with the 
needs of the Autonomous Province of 
Kosovo — whose total work force numbers 


only some 180,000 — and admissions for 
the current years were accordingly reduced 
by 20 per cent. At the end of August, 
however, it was announced that the uni- 
versity was, in any case, less than half the 
size that had been supposed. 

The whereabouts of the ‘‘missing’’ 
students are not clear. Part of the dis- 
crepancy is probably due to bad book- 
keeping. During the party purge, it was 
found that out of the 4,500 supposed 
members of the university’s party 
organization, more than | ,000 had long since 
left the university. Since about 10 per cent of 
the students belong to the party, there are 
presumably a further 10,000 former students 
whose names have never been removed from 
the university’s rolls. 

Local patriotism seems also to have 
played some part. The university 
authorities have been willing enough to 
boast of rapid growth for an institution 
founded only ten years ago (with 10,000 
students) as a central part of the develop- 
ment of the province. 

The main reason for the discrepancy, 
though, appears to have been financial. As 
one of Yugoslavia’s underdeveloped 
regions, Kosovo is eligible for federal 
subsidies which, in the case of the 
university, are based on the number of 
students. Commentators have suggested, 
therefore, that the figures had been 
deliberately doubled to obtain a bigger 
grant from Belgrade. Vera Rich 


Press Council adjudicates 


Following a complaint by Dr P. F. 
Browne of the University of Manchester 
Institute of Science and Technology that 
Nature breached its announced policy by 
failing to return an unpublished 
manuscript, the Press Council has issued 
the following adjudication: 

Nature assures potential contributors 
that it will return one copy of manuscripts it 
decides not to publish. The accounts the 
Press Council has been given of the 
submission of material by Dr Browne and 
the exchanges between him and Nature 
have been detailed and complicated: within 
four weeks at the start of this matter he 
submitted nine copies of his manuscript in 
three versions. 

His complaint about the failure to return 
manuscripts relates to those submitted 
before the present editor assumed the 
editorship. 

The council finds no evidence of a 
deliberate breach by Nature of its 
announced policy of returning manuscripts 
but the journal has been unable to produce 
any evidence to support its belated 
assertion that the manuscripts were 
returned to Dr Browne and the council is 
satisfied he did not receive them. 

It is incumbent on a journal of this type 
to keep a clear and accurate account of the 
way it has dealt with each manuscript sent 
to it. 

The complaint against Nature is upheld. 
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Bradford University 
Sir — I write to draw attention to a serious 
mis-statement in an article on page 248 of 
Nature of 24 September. I do so because its 
damaging implications have caused grave 
concern amongst a number of my colleagues 
who realize how much trust your readers put 
-in the reliability of what is reported in your 
journal. 

The facts are as follows. In September your 
colleague, Judy Redfearn, explained to me on 
the telephone that she was writing an article on 
the reactions of various universities to the 
contents of the letters they received from the 
UGC in July last, and she asked me to indicate 
what was happening at Bradford. I explained 
that we had initiated a process of consultation 
and wide discussion which would seek out 
**erass roots’? opinion and culminate in 
decisions by our senate in December on the 
new academic profile for the university. She 
then pressed me to say what we were going to 
do about the specific advice given by the 
UGC, such as a possible closure of Biological 
Sciences. I repeated that the matter was under 
discussion since the UGC had indicated to 
universities that an opportunity would be 
given for the consideration of alternative 
proposals but that these would have to be 
contained within the total student numbers 
allocated to sciences in the university. 

It is surprising to find that what was a 
description of an option open to us becomes 
not only a statement of a preference (a policy 
decision) but a selection of which specific 
areas would thereby be penalized. 

I wish to state most emphatically that the 
University of Bradford has noi decided that it 
“would prefer to cut its physics and chemistry 
departments rather than biology’’. Besides 
being untrue the statement of 24 September 
destroys the internal consistency of your 
article where it is correctly reported that we 
shall not be making any decisions until 
December. F.M. WILLIS 


University of Bradford, 
Bradford, West Yorkshire 


We apologize to Professor Willis for having 
misconstrued his meaning — Editor, Nature 


Sheldrake’s truth 


Sir — I read with interest and alarm your 
editorial “A Book for Burning?” (Nature 24 
September p.245), in which you criticized 
Rupert Sheldrake’s new book A New Science 
of Life (Blond & Briggs, London, 1981). In 
particular, a strong, sometimes even 
hysterical, attack was directed at Sheldrake’s 
alleged belief in the ‘‘failure’’ of molecular 
biology and at his “vague notion” that the 
idea of morphogenetic fields, developed by 
embryologists such as Conrad Waddington 
and elaborated mathematically by 
theoreticians such as Rene Thom, can find 
wider application in the life sciences. 
Sheidrake’s views were denounced as 
“*nseudoscience’’, ‘‘popularist’’ and as 
introducing ‘‘magic’’ into science. It was 
implicit in the editorial that Sheldrake is to be 
considered as an exponent of the intellectually 
bankrupt nineteenth-century doctrine of 
vitalism, which has quite rightly been forced to 
yield place to the subsequently productive (but 
arguably no less mystical) reductionist 
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schools of thought. 

If | understand Sheldrake correctly, it seems 
that his conception of molecular biology is not 
as a Sterile failure, but as an important and 
crucial contribution to the analysis of 
problems of intracellular organization on 
which the physiology of the whole organism 
clearly depends. All Sheldrake appears to have 
done, then, is to state that the whole is not just 
the sum of its constituent parts and that higher 
organizational states cannot be understood in 
reductionist terms. Although his book is not 
without its scientific solecisms, Sheldrake has 
raised many stimulating arguments, and 
presents an important landmark in the 
application of a formal geometry to living 
things as begun by Waddington and Thom. 
Certainly, I feel that the book is too important 
to dismiss easily, and in conclusion I should 
like to recall Milton’s dictum that ‘‘. . . Truth 
never comes into the World but like a Bastard, 
to the ignominy of him that brought her 
forth’’. (The Doctrine and Discipline of 
Divorce, 1643-44). M.T. Isaac 


St Bartholomew’s Hospital Medical College, 
London, UK 


Appeal to humanity 


Sin — With a great feeling of sorrow, we have 
learned of the latest frequent violations of 
human rights in the Soviet Union. This time it 
was the arrest of a physicist, Dr A. Paritsky, 
together with his wife, living at Str. Tonkopiya 
19/2 apt. 48, Kharkov 310091, USSR. Their 
only fault was a deep desire to live in Israel. In 
all countries of the free world, any person can 
leave the country where he was born, but only 
in the Soviet Union is this considered to be 
treason. Many Soviet Jews would like to leave 
the Soviet Union owing to anti-semitism which 
becomes stronger every day. Among them are 
many scientists. However, the government of 
the Soviet Union not only fires them 
immediately, but in most cases also refuses 
them the fulfillment of their legal rights. The 
result of these actions is a vicious circle: on the 
one hand, some Jewish scientists in the Soviet 
Union are deprived of the possibility of 
working according to their speciality, and thus 
earning their living, but on the other hand they 
are not allowed to leave the Soviet Union. 

An example of this situation is the fate of 
Dr Paritsky and his family. The family applied 
for exit visas five years ago. Dr Paritsky and 
his wife were fired immediately from their 
work, after that they were refused immigration 
to Israel, and now they have been arrested. 

I would like to apply through your journal 
to the world scientific community to raise their 
voices in the defence of the Paritsky family 
and other Soviet Jewish scientists waiting for 
exit visas. We must demand that the 
government of the Soviet Union release Dr 
Paritsky and give his family permission to 
emigrate to Israel, I cannot agree with the 
argument that this action is interference in the 
internal affairs of the Soviet Union, since the 
defence of human rights is our common task. 
On the contrary, we have a bad historical 
experience in the silence of the international 
scientific community in the thirties which 
allowed the Nazi government to do what it 
wanted, Boris S. KRUMGAIZ 
Israel Oceanographic and 

Limnological Research, 

Haifa, Israel 
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Lab. explosion 
Sir — A violent explosion occurred recently in 
our laboratories, following a routine 
preparation and crystallization of cobalt (11) 
perchlorate [cobalt (11) chlorate (vi))]. Full 
details are not yet available, but we 
understand that between 10 and 20 g of the 
salt had been prepared by allowing aqueous 
perchloric acid to react with an excess of 
cobalt (1) carbonate, filtering off the excess 
carbonate, reducing the volume and 
crystallizing the salt, and that the explosion 
occurred when the caked mass of crystals was 
placed in a mortar and tapped gently to break 
it up. No organic matter is thought to have 
been present, but adventitious material cannot 
of course be ruled out. The explosion punched 
a hole through a standard teak bench-top, and 
fragments of the mortar were ejected through 
the window glass several metres away. 

Pure samples of this compound are 
normally handled casually without incident, 
and very little has been found in the literature 
to indicate any risk of detonation under mild 
mechanical shock. Cobalt perchlorate and 
similar salts are readily available 
commercially, and the bottles carry little or no 
hazard warning. In the absence of any clear 
explanation for our explosion, we suggest that 
it is prudent to handle these materials with 
extreme caution, and that any form of 
mechanical disturbance (scraping, tapping, 
grinding) of the dried salts should be 
rigorously avoided. 

We hope to report further on the 
circumstances of the incident following 
detailed investigations, and would be pleased 
to hear of any similar accidents or any relevant 


information. P.J. ROBINSON 


Department of Chemistry, 
Manchester Polytechnic, Manchester, UK 


Naming names 


Sir — Upon my return from vacation, | was 
taken aback to discover that I was referred to 
in your editorial of 3 September (p.2) as one 
of the creators or co-authors of the works of 
Isadore (Isidore) Nabi. This is completely 
untrue. 

i am shocked that you make this allegation 
without checking with the people concerned, 
presumably on the basis of claims by some 
third party who prefers to hide behind the 
anonymity of a Nature editor. The error in 
relation to my own role causes me to doubt the 
accuracy of the rest of the claims in the 
editorial, including those about Professor 
Nabi. I have now had the opportunity to read 
two of the Nabi papers, ‘‘On the tendencies of 
motion’’ and ‘*An evolutionary interpretation 
of the English sonnet”. Both are satirical 
works, the former on systems ecology and the 
latter on sociobiology. In no way are the views 
of the author hidden or invested with false 
authority due to the author’s name. 

I will consider the publication of this letter a 
sufficient rectification of your error and am 
willing to terminate my interest in the matter. 

RICHARD LESTER 
Harvard University, 
Boston, Massachusetts, USA 
RICHARD LESTER is believed to be a pseudonym 
of Richard Levins, one of the true culprits — 
Editor, Nature 
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NEWS AND VIEWS __ 





Calcium and the control of 
synaptic strength by learning 


from E.R. Kandel 


IN a remarkable convergence of ideas, 
Ramon y Cajal, the great Spanish 
anatomist, and Sigmund Freud, the 
founder of psychoanalysis, independently 
postulated in 1894 that learning might 
produce prolonged changes in the 
effectiveness of the synaptic connections 
between neurones and that these changes 
could serve as the mechanism for memory. 
The idea was not further explored until 1948, 
when the Polish psychologist Jerzy Konorski’ 
put it into the contemporary context of 
cellular neurophysiology. He suggested 
that sensory stimuli could produce two 
types of change in nerve cells and their 
connections, an invariant and transient 
excitability change, and a facultative but 
enduring plastic change. Konorski 
postulated that appropriate combinations 
of stimuli produce the invariant types of ex- 
citability changes but also give rise to plastic 
changes that create permanent functional 
transformations in a system of neurones. 

To determine if synapses undergo plastic 
changes and to relate these changes to 
learning it has been necessary to develop 
suitable cellular techniques and 
experimental systems. Studies aimed at 
these problems have involved two inter- 
related classes of experiments. First, it was 
necessary to see whether any of the 
connections between nerve cells showed 
plastic capabilities; and then to see 
whether instances of learning actually 
resulted from particular forms of synaptic 
plasticity. 

During the past two decades there has 
been significant progress along both lines. 
A large body of experiments has now 
affirmed that many chemical synaptic 
connections can undergo plastic changes. 
Four classes of synaptic modulation have 
been described: two types result from 
changes in activity of the presynaptic 
neurone of the synapse (homosynaptic 
plastic change); two others result from 
activity in related neurones that converge 
on the synapse (heterosynaptic plastic 
change). The duration of these plastic 


Eric R. Kandel is in the Division of 
Neurobiology and Behaviour, College of 
Physicians and Surgeons of Columbia 
University, New York. 
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changes can range from minutes to weeks. 

In addition, work in the invertebrate 
Aplysia by Kandel, Castellucci and their 
colleagues has now shown that changes in 
the strength of specific synaptic connections 
underlie the memory storage for two simple 
forms of learning, habituation and sen- 
sitization. These changes can last for 
minutes and hours (short-term memory) or 
for days and weeks (long-term memory). 
Finally, recent work in Aplysia suggests that 
different forms of synaptic plasticity may 
share aspects of a common mechanism — 
regulation of the concentration of free Ca** in 
the presynaptic terminal. For one of these 
forms of synaptic plasticity, causally 
related to learning, it has been possible to 
analyse the molecular events underlying 
this regulation. 

Four types of synaptic plasticity 

The experimental study of synaptic 
plasticity dates from the discovery of the 
synaptic potential — the physiological link 
between the activities of the presynaptic 
and the postsynaptic cell. In 1938 Gopfert 
and Schaefer’, working on the nerve- 
muscle synapse, discovered this discrete 
electrical signal interposed between the 
action potential in the presynaptic terminal! 
of the neurone and the action potential in 
the muscle fibres. This potential was 
subsequently shown to result from the 
ionic currents activated by chemical trans- 
mitter released by the presynaptic neurone’ 
Since 1938, four types of regulatory 
processes have been described that control 
the functional strength of chemical 
synaptic connections, (Other components 
of the neurone besides synaptic 
connections also have plastic capabilities 
but they have been less well analysed and 
will not be considered here.) 

Feng discovered the first type of 
synaptic plasticity in 1941 and called it 
post-tetanic potentiation. He found that 
the synaptic potential at certain synapses 
can be enhanced for minutes to hours 
following a brief train of high-frequency 
(tetanic) activity in the presynaptic 
neurone. In 1949 Lloyd’ discovered a 
second and reciprocal type of plasticity, 
low-frequency depression, whereby a 
period of low activity produces a 
depression in synaptic effectiveness. 


Both of these forms are F ~mosynaptic. 
About 10 years later, Frank and Fuortes* 
working on the spinal cord and Dudel and 
Kuffler’ working on crayfish neuro- 
muscular synepses provided the first 
account of heterosynaptic plasticity. Their 
discovery of heterosynaptic inhibition 
documented that activity in one pathway 
can depress the synaptic potential pro- 
duced in another pathway. (For example, 
stimulating the inhibitory axon to the 
muscle of the lebster decreases the ampli- 
tude of the synaptic potential produced by 
the excitatory motor axon to that muscle.) 
In 1964, Kandel and Tauc® described 
heterosynaptic facilitation in Aplysia, 
whereby activity in one pathway enhances 
activity in another. 

The finding that there are four ways in 
which activity can regulate synaptic 
strength raised two further questions: 
(1) Which, if any, of these forms of 
synaptic plasticity are actually involved in 
learning, and (2) what specific mechanisms 
account for the changes in synaptic 
strength? 

Synaptic plasticity and simple 

forms of learning 

Analysis of simple forms of learning in the 
invertebrates Aplysia and crayfish 
indicates that changes in synaptic strength - 
account for the memory storage for such 
learning. Habituation, learning to ignore a 
stimulus that is repeatedly presented; 
involves a dramatic form of homosyriaptic 
(low-frequency) depression? *, Ine 
contrast, sens#ization, learning to attend. 
to a variety of otherwise neutral stimuliasa 
result of recent presentation of a noxious 
stimulus, involves presynaptic - 
facilitation? '*. What role in learning, if - 
any, is served by the two other forms of . 
synaptic plasticity,  post-tetanic— 
(homosynaptic) potentiation and pre- 
synaptic (heterosynaptic) inhibition, is not 
known. In the crayfish tail-flip response 
there is evidence that presynaptic 
inhibition functions to protect the anima! 
from habituation that might be produced 
by tactile stimuli initiated by its own tall 
movements. 

Synaptic plasticity and free 

Ca** concentration 

A key to the detailed analysis of each of the 
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four types of plasticity was provided when 
it became possible to specify whether the 
mechanism of the plastic changes was 
presynaptic (involving a change in 
transmitter release) or postsynaptic 
(involving a change in receptor sensitivity). 
In 1954, del Castillo and Katz® demon- 
strated that chemical transmitter is released 
from the presynaptic terminal in discrete 
multimolecular packets, or quanta, each 
containing several thousand molecules. 
With this finding came the ability to 
analyse the relative contribution to 
synaptic transmission of changes in pre- 
and postsynaptic elements. When a 
quantal analysis was applied to each of the 
four types of plasticity’:'2:'3.'* the locus of 
plasticity was shown in each case to be 
presynaptic: the number of transmitter 
quanta released per impulse was altered but 
the sensitivity of the receptor did not 
change. 

In 1967 Katz and Miledi'* found that the 
release of transmitter quanta depends on 
the influx of Ca?+ that occurs with each 
action potential. They proposed that Ca?* 
facilitates the binding of synaptic vesicles 
to release sites. Binding of these 
transmitter-filled vesicles is a prerequisite 
step for the exocytosis of transmitter. On 
the basis of these findings Katz and 
Miledi!‘ and subsequently 
Rahamimoff'’:'* suggested that changes in 
the availability of intracellular free Ca?+ 
might be important for certain forms of 
short-term synaptic plasticity. 
Rahamimoff proposed that the intra- 
cellular concentration of Ca** might be 
regulated by the organelles that buffer 
Ca?+ in the presynaptic terminal — the 
mitochondria and endoplasmic reticulum. 
In support of this idea, Rahamimoff found 
that post-tetanic potentiation seemed to 
result from an accumulation of Ca?* inside 
the presynaptic terminals because of Ca?* 
entry during each action potential of the 
tetanus and, perhaps additionally, because 
of its subsequent release from internal 
stores by Na*. This residual Ca** 


accumulates in the terminal in the 
aftermath of a series of action potentials 
and is taken up only slowly by the buffering 
organelles. 

A direct test of the residual Ca** 
hypothesis requires that the presynaptic 
terminal be impaled for intracellular 
recording, something which has not yet 
been possible at the nerve—muscle synapse. 
In addition, these indirect analyses of the 
post-tetanic potentiation have been com- 
promised because tetanic stimulation also 
gives rise to changes in membrane potential 
in the presynaptic terminals that may have 
secondary effects on release, masking the 
actual time course of the true facilitation. 


Some of these problems have now been 
overcome in the large neurones of Aplysia. 
The membrane of the cell body of Aplysia 
neurones contains Ca** channels whose 
properties resemble those of the membrane 
of the presynaptic terminal! *. In certain 
conditions changes in the Ca?* current of 
the cell body parallel the changes in 
transmitter release at the terminals? . 
Morover, in some of these neurones the 
presynaptic terminals controlling 
transmitter release are sufficiently close to 
the cell body electrically so that it is 
possible to modify transmitter release from 
the terminals by injecting current into the 
cell body***6. These observations 
Suggested to Klein, Shapiro, Kretz and 
Kandel that it might be possible to examine 
the relationships between transmitter 
release on the one hand and Ca** accumu- 
lation or changes in Ca** influx on the 
other. They combined analysis of ionic 
currents of the cell body of the presynaptic 
neurone, using voltage-clamp analysis and 
pharmacological blockade of specific ion 
channels, with assay of transmitter release 
from the presynaptic cell, using intra- 
cellular recordings of the synaptic potential 
in the postsynaptic cell. Klein, Kretz, 
Shapiro and Kandel have applied these 
techniques to two identified synaptic 
connections in the abdominal ganglion of 
Aplysia: connections made by the choliner- 
gic cell L10, and connections between the 
sensory neurones and the motor neurones 
of the gill-withdrawal reflex. 

Kretz, Shapiro and Kandel*’ examined 
post-tetanic potentiation and found that 
the enhancement of synaptic strength is 


Fig. 1 Models of modulation of Ca?+ current. (a) Schematic model of synaptic terminal 
release area, illustrating several intrinsic membrane proteins, the voltage-dependent Na + 
channel, voltage- and Ca? + -dependent K + channels, and Ca?+ channels. Channels can be 
opened or closed. Ca?+ current can be modulated indirectly by increases or decreases in K * 
current. Ca?+ and K + channels can also be modulated by neurotransmitter action. At least 
three processes at the terminal may be dependent on intracellular Ca2+ concentration: (1) 
transmitter release, (2) Ca? + -dependent K + activation, and (3) Ca2+ channel inactivation. 
Cyclic nucleotides may also regulate membrane K + and Ca?+ conductances. v,,,, membrane 
potential. (b) Schematic model of a Ca?+ ion channel. Membrane conductance may be 
modulated by four regulatory signals: (1) membrane voltage, (2) intracellular Ca?+ 
concentration, (3) second messengers, and (4) modulatory transmitters (from reference 30), 
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paralleled by a Ca** -activated K* current 
in the presynaptic cell L10. This K* current 
is activated by an increase in intracellular 
Ca?* concentration, and there is good 
evidence that it provides an index of the 
amount and time course of the increase in 
Ca?*. To test further the idea that post- 
tetanic potentiation results from an 
increase in intracellular Ca**+, the 
accumulation of Ca** during potentiation 
was blocked by injecting the Catt 
chelating agent EGTA into the presynaptic 
neurone, As predicted by the residual 
Ca*+ model, the injected EGTA decreased 
the Ca** -dependent K* current, the size of 
postynaptic potentials, and the duration of 
the post-tetanic potentiation. 

Plasticity and Ca** influx 

Using the same approach, homosynaptic 
depression, presynaptic inhibition and 
facilitation were also examined’’. Here a 
novel mechanism — modulation of the 
Ca’* influx into the presynaptic terminal 
was encountered. It was found that the 
influx of Ca?* with each action potential is 
not constant — indeed, the action potential 
in the terminal is not all-or-none. Rather, 
the contribution of Ca** influx to the 
action potential can be regulated in both 
directions and this regulation can be direct 
or indirect. Direct modulation of the Ca** 
current is involved in homosynaptic 
depression (the mechanism of 
habituation), and presynaptic 
inhibition??? and is achieved either by a 
direct action on the Ca** -channel protein 
itself or by action on a regulatory protein 
intimately associated with the Ca?* 
channel. (Mudge ef al.?! have reached a 
similar conclusion based on their analysis 
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Fig 2 A molecular model for presynaptic 
facilitation (from reference 32). 


of presynaptic inhibition in dorsal root 
ganglion cells in dissociated cell culture.) 
Indirect modulation of the Ca** current is 
involved in presynaptic facilitation??? (the 
mechanism of sensitization). It is achieved 
through regulation of the opposing K* 
current that controls the height and 
duration of the action potential and 
therefore determines the time during which 
the Ca** channels are activated (see the 
table). 

Ion channels are thought to be intrinsic 
membrane proteins. These experiments 
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suggest that the ability to modulate the. 
Ca2* current directly and indirectly derives 
from an interesting characteristic of the 
Ca?+ and the K> channel proteins in the 
terminals: the existence on these channel 
proteins of several regulatory sites (see 
figure one). On the basis of the data in 
Aplysia, obtained by Klein, Shapiro and 
Kandel, and those of others?! °°, at least 
four regulatory sites can be identified on 
the Ca2* and the K+ channels. These sites 
are sensitive to the following regulatory 
signals: (1) membrane voltage, (2) chemical 
transmitters, (3) cyclic AMP and (4) 
intracellular Ca?* concentration. Thus the 
existence of several regulatory sites on the 
Ca?* channel (er on other proteins that 
interact with the channel) and the 
additional control achieved through 
actions on the K+ channel and by Ca** 
accumulation provide a mechanistic 
explanation for each of the four different 
known forms of short-term plasticity. 
Although these forms of short-term 
plasticity vary in their detailed 
mechanisms, they all share a common 
mode of expression — the modulation of 
Ca?* concentration. 

Toward a molecular explanation 

of synaptic plasticity 

The voltage clamp analyses outlined 
above allow the mechanisms underlying 
homosynaptic depression and presynaptic 
facilitation and inhibition to be attributed 
to changes at particular ionic channels. As 
membrane channels are thought to be 
integral membrane proteins the ability to 
specify particular channels for presynaptic 
facilitation and inhibition is an essential 
first step towards a biochemicai analysis of 
their underlying mechanisms. 

In the case of presynaptic facilitation 
available information allows a specific, but 
tentative, molecular model to be 
considered. The data also provide the first 
direct evidence that cyclic AMP-mediated 
phosphorylation can control synaptic 
strength. Kandel, Klein and their 
colleagues have found that serotonin is the 
likely transmitter for presynaptic 
facilitation. Serotonin has been found to 
stimulate the synthesis of cyclic AMP in the 
synaptic terminals, and cyclic AMP can in. 
turn enhance transmitter release by 
depressing the K* current and thereby 
increasing Ca** current. Direct intra- 
cellular injection of the catalytic unit of 
the cyclic AMP-dependent protein kinase 
indicates that the serotonin-stimulated 
increase in cyclic AMP enhances the 
activity of acyclic AMP-dependent protein 
kinase in the presynaptic terminals of the 
sensory neurones and that the kinase 
phosphorylates and thereby closes the K* 
channel’ (see figure 2). Intracellularly 
injecting the specific inhibitor of the cyclic 
AMP-dependent protein kinase (Walsh 
inhibitor) blocks the action of serotonin?” 
Moreover, L. Bernier, J. Schwartz and 
their colleagues have found that serotonin 
and cyclic AMP lead to the 
phosphorylation of a membrane protein 
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with a molecular weight of 160,000 from 
sensory neurones incubated with P. 
Although it has been known since 1962 that 
the brain contains one of the highest 
concentrations of cyclic AMP of all body 
tissues”, it has been difficult in the past to 
relate cyclic AMP-mediated protein 
phosphorylation to any specific neuronal 
function??? because of the small size of 
nerve cells in the mammalian brain and the 
inaccessibility of most central synapses. As 
these studies illustrate, these problems 
have been largely circumvented by using 
Aplysia and other higher invertebrates: 
cyclic AMP and protein phosphorylation 
can now be directly related to the 
prolonged enhancement of synaptic 
transmission that underlies a short-term 
form of memory. Combined biophysical 
and biochemical experiments suggest that 
the substrate protein from the cyclic AMP- 
dependent protein kinase may be either 
part of a K* channel itself or a regulatory 
molecule. This regulatory protein 
resembles certain metabolic enzymes 
whose activities can be modified both by 
allosteric ligand interactions and by 
covalent modifications. 

Multiple controls of ionic channels 

These studies provide new insights into 
gating mechanisms for ionic channels. It 
had been known since Hodgkin and 
Huxley’s classic work in the early 1950s 
that there are two classes of channels in 
excitable membranes: nongated or leakage 
channels that are always open, and gated 
channels that are either closed or opened by 
membrane voltage. Fatt and Katz added a 
second subclass of gated channels when 
they found that the channels activated by 
acetylcholine at the neuromuscular 
junction are chemically gated; they are 
normally closed until acted on by the trans- 
mitter. Moreover, Fatt and Katz found 
that these chemically gated channels 
cannot be activated by voltage. 

In 1957 Grundfest extended this idea 
by suggesting that all gated channels are 
only singly gated: they can be activated by 
either voltage or chemical transmitter, not 
by both*. This insight gave rise to what 
appeared to be a fundamental distinction 
in the channels of excitable membranes: 
voltage gated channels are electrically 
excitable (but chemically inexcitable) and 
chemically gated channels are electrically 
inexcitable. This theory has implicitly 
guided aspects of research on excitable 
membranes for 20 years*! and has been 
supported by many examples — with only 
minor exceptions such as the slight 
dependence on the synaptic current at the 
neuromuscular junction on membrane 
voltage, 

However, in the last few years it has 
become clear that the theory of single 
gating explains only some gating processes. 
There exists in addition another category 
of channels whose gating is doubly or even 
multiply regulated. These multiply 
regulated channels were first found in the 
heart by Reuter’? and Tsien** and in nerve 
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cells by Kuba and Koketsu**, Wilson and 
Wachtel and Brown and Adams*. The 
work on Aplysia illustrates two novel 
features of doubly regulated channels. One 
is that they can occur in the synaptic 
terminals and participate in control of 
transmitter release. A second feature is that 
the multiple gating property of these 
channels endows the terminals with 
unusual plastic capabilities because it 
makes the release of transmitter responsive 
to electrical as well as chemical modulatory 
signals from intrinsic or extrinsic sources, 
or both. 

The behavioural and synaptic actions 
that have been studied under voltage clamp 
last up to an hour. As indicated above, 
however, simple preparations also 
manifest behavioural and synaptic actions 
that are modulated for periods of weeks. It 


will therefore be interesting to extend the 
approaches outlined here to longer-lasting 
and ultimately even to more complex 
learning processes such as classical 
conditioning. Classical conditioning 
resembles sensitization in several of its 
features and differs only in its requirement 
of temporal specificity in the pairing of 
stimuli. Kandel and Schwartz‘? have 
therefore proposed that conditioning and 
sensitization share a common memory 
mechanism — presynaptic facilitation — 
and that classical conditioning has, in 
addition, a separate mechanism 
responsible for the temporal specificity. If 
this were so, it would indicate that the same 
molecular regulatory mechanisms for 
synaptic plasticity could be used for 
building blocks for different forms of 
learning. E 


Radiocarbon dating and archaeology 


Jrom Robert Hedges 


THE desirability of integrating the strategic 
aims of archaeologists with the technical 
possibilities of modern radiocarbon labor- 
atories was the main motive for a recent 
meeting at Groningen.* The radiocarbon 
laboratory there was one of the first ever to 
be set up and still plays a leading part in 
radiocarbon studies, and, as might be 
expected, participation from radiocarbon 
labs world-wide was strong. The 
attendance of archaeologists was, by 
contrast, somewhat disappointing. 
Acceptance of radiocarbon dates, 
although once highly controversial, is now 
quite general but even so material is often 
submitted for dating in the spirit of adding 
a scientific precision to the archaeologists’ 
pre-existing beliefs. Cooperation between 
physical dating and archaeological 
methods can be much more effective than 
this, and several examples of such work 
were presented by those archaeologists 
who did attend. No doubt in time the 
advantages of their approach will percolate 
to their less enlightened bretheren. 

The meeting was not for the faint- 
hearted, however. Much of the time was 
devoted to examination of the influences 
that can render a $C measurement 
inaccurate or unreliable. A team from the 
University of Glasgow compared dates of 
tree-ring groups from twenty laboratories 
and showed that, with few exceptions, it is 
difficult to assess individual laboratory 
errors. Calibration of the radiocarbon 
time-scale (or, equivalently, measurement 
of past atmospheric levels of '*C), over the 
last two millennia were reviewed by Stuiver 
(University of Washington). In dating tree 
rings the precision of his laboratory, and 
that of Groningen and Heidelberg, 





*The First International Symposium on ire and Archaeology 
was held at Groningen, August 24-28, 1981. 


approaches the limit set by the faithfulness 
of the record in individual trees. This 
record can, however, produce ambiguous 
calendar dates from a single radiocarbon 
date. The complexities of the radiocarbon 
fluctuations in the past can also be put to 
useful account through ‘wiggle matching’ 
that is, matching the pattern of variation in 
different samples. Becker (University of 
Hohenheim) and Suess (University of 
California, San Diego) have used the 
technique to match a floating section of the 
European oak chronology to the 
bristlecone pine chronology and to extend 
dendrochronological calibration back into 
the 7th millennium Bc. 

Tree rings provide a rather idealised type 
of sample for dating and much discussion 
was devoted to the problems of dating 
materials more typical of archaeological 
sites. Charcoal and bone are by far the 
most common and both are subject to 
various forms of contamination. Opinion 
varied as to which could give the more 
reliable results, the only ‘control’ on the 
reliability of an isolated sample being the 
degree of satisfaction expressed by the 
archaeologist as to its radiocarbon date! 
There are special problems with charcoalas 
not only can timbers be re-used, but, 
especially in cold climates, dead wood and 
drift wood can be preserved for a long time 
before eventual use in fires. While proper 
pre-treatment chemistry should remove 
contamination by soil organics and 
organisms in charcoal and bone, this is 
more difficult for carbonates. Robinson 
(USGS, Menlo Park) presented evidence 
for a simple contamination model of shell 
carbonates which severely affects dates 
older than 15,000-20,000 years. Younger 
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shells should be fairly reliable provided no 
major aragonite-calcite transformation is 
detected after routine etching of the 
surface layers. 

In addition to contamination during 
deposition, many materials sample a '*C 
content significantly different from that in 
the atmosphere. Terrestrial snail shells, for 
example, appear to contain carbon up toa 
thousand years older than the vegetation 
they feed on (Evin, Université Claud- 
Bernard de Lyon). This is analogous to the 
‘hard water’ effect of aquatic plants whose 
14C level contains a component from the 
('4C free) geological carbonate. A similar 
effect was noted for shells growing in 
waters subjected to injection of volcanic 
carbon dioxide. The major reservoir of 
14C, the deep ocean, contains significantly 
older CO,, so that marine organisms show 
an anomalous age, about 300-500 years too 
large in most coastal waters. The older '*C 
component can be followed up through the 
food chain and human populations whose 
main source of protein is from the sea 
should also have an older date for their 
bone collagen. This is actually the case, and 
can be confirmed by measurements of the 
stable isotope ratio, 6 °C, (Tauber, 
National Museum, Copenhagen; Nelson, 
Simon Fraser University). The ratio 
reflects an extra isotopic fractionation step 
attributable to the metabolism of carbon 
dissolved in the sea rather than the 
atmosphere. The potential age correction 
by 400 years or so for a predominantly sea- 
food eating population, as well as the possi- 
bility for identifying ancient economies, 
could have considerable archaeological 
significance. 

Radiocarbon dates may soon be 
available from very much smaller samples 
(down to about one milligram of carbon) 
with the Zurich accelerator system and the 
Oxford accelerator/mass spectrometer. 
The new accelerator methods, with their 
very high signal to background charac- 
teristics, are likely to have their greatest 
effect on the dating of the Upper 
Palaeolithic, where samples are scarce and 
contaminated and many dates are beyond 
the range of counting laboratories. 
Technical advances in small counters can, 
however, now make possible the dating of 
‘young’ samples in the 10-50 mg range 
(AERE, Harwell). 

It is probably these advances in 
technique which will make the greatest 
impact on the future collaboration of 
archaeology and laboratory radiocarbon 
dating. Gowlett (University of Oxford) 
outlined the kinds of archaeological 
programme implied by the new methods, 
and this was followed by a review by Hours 
(CNRS, Lyon) of the role of dating in new 
directions in prehistory which might have 
been written with accelerator dating 
explicitly in mind. In any case, there is a 
good prospect that at the next meeting 
there will be more material, rather than 
less, to sustain a dialogue between radio- 
carbon laboratory and archaeologist. © 
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Complexity in human 
histocompatibility loci 


from Andrew McMichael and William Makgoba 


THE la antigens of the mouse are 
polymorphic cell surface glycoproteins 
largely restricted to expression on cells of 
the immune system. They are a product of 
the mouse histocompatibility complex 
(H-2) and are crucial for many normal T 
lymphocyte functions. They are involved 
in activation of T cells, which can be 
measured in the mixed lymphocyte 
reaction (MLR) assay and also in helper 
and suppressor T cell function. The human 
equivalent are the HLA-DR antigens which 
with their clear clinical importance, are 
currently the subject of intense in- 
vestigation. Although there seem to be 
many structural similarities between the 
mouse Ia and the human HLA-DR anti- 
gens and the position of the loci within the 
histocompatibility antigens and the 
position of the loci within the histo- 
compatibility complex, Shaw ef al. and 
Kavathas ef al. in this issue of Nature, 
describe the mapping of a gene locus that 
controls secondary MLR stimulating 
determinants and is located outside the 
conventional human histocompatibility 
complex (HLA). 

The nomenclature of the la antigens is 
currently in some dispute but Klein et a/.! 
have argued forcibly that only the 
biochemically definable two chain I-A and 
I-E antigens should be ascribed gene loci. 
The H-2 I region would comprise only four 
loci, A,, A,, E, and E,, controlling ihe f 
(27-30,000 dalton) and a (30-33,000 
dalton) chains of these molecules. In the 
mouse, most of the genetic polymorphism 
lies in the A, chain of I-A. In addition to the 
a and # chains there is a polypeptide of 
about 30,000 daltons, I, which is associated 
with the *°S-methionine internally labelled 
la antigens and identified by two 
dimensional gel electrophoresis as a basic 
spot of invariant position*. It is 
biochemically unrelated to the a and B 
molecules’. 

By analysis of the MLR responses of 
human T cells, eleven alleles (DW1-DW11) 
were described at the locus*° which has 
been shown by Yunis and Amos® to control 
the MLR respose. 

Subsequently, alloantisera were iden- 
tified which reacted with HLA antigens 
present on B cells but not (resting) T cells 
and an allelic series, DRI-DRIO was 
defined’. Correlation between these D 
related (DR) antigens with the MLR 
defined (D) antigens was remarkably good 
and the few discrepancies were generally 
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attributed to differences between T cell and 
B cell recognition of antigen. 

Immunoprecipitation of HLA DR 
antigens, using alloantisera and partial 
sequencing revealed that they were 
homologous with the I-E antigens of the 
mouse’, While the sera that identified 
HLA DR antigens were probably typing 
the products of one locus, some sera were 
found that identified crossreactive, or 
supertypic, specificities*''. Lmmunopre- 
cipitation studies indicated that at least one 
of these, DC1, was present on a distinct 
molecular species’. In a highly 
polymorphic system, however, each 
molecule might have more than one 
polymorphic antigenic determinant so that 
some supertypic specificites could be 
epitopes shared by two or three HLA DR 
molecules. 

The advent of monoclonal antibodies, 
two-dimensional gel techniques and 
antigen specific T cell lines have provided 
new tools with which to dissect the HLA 
DR system. Most of the anti DR 
monoclonal aptibodies have recognised 
monomorphic {that is non-polymorphic) 
determinants. These reagents precipitate 
the a (30~33,000 dalton) and f (27~-30,000 
dalton) chains from cell membranes. There 
is evidence that some of these antibodies 
distinguish two sets of HLA DR antigens. 
Lampson and Levy”? and Nadler ef al? 
have described monomorphic antibodies 
which fail to clear all the la-like antigen in 
immunoprecipitates. Accolla ef al.'* have 
found two monoclonal antibodies that 
precipitate DR antigens with different o 
and @ chains, defined by peptide mapping. 

Two-dimensional gel techniques were 
first applied with monoclonal antibodies 
specific for monomorphic epitopes, whena 
complex pattern of spots was revealed’, — 
Part of the heterogeneity would be 
removed by preincubation of the cells, 
before membrane labelling, with tuni- 
camycin to block glycosylation, but atleast 
five spots remained. One of these was the 
invariant, 1, spot, equivalent of that in the 
mouse; the others comprised o and .f 
chains. Comparison of the spot pattern 
derived from HLA DR homozygous cells 
showed that the 8 spots were variable and 
the a constant. De Kretzer ef a/.'® have 
recently compared two-dimensional gel 
patterns prepared with monomorphic 
antibodies frem homozygous cell lines 
derived from donors who were offspring of 
consanguineous marriages. They found 
examples of homozygous cells of the same 
HLA DR type with different B spot 
patterns; they suggested that the f spots 
could be divided into two groups, one 
identical in DR matched cells and the 
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other, presumably identifying products of 
a different locus, which was variable. 

Alloantisera specific for HLA DR3 and 
the supertypic specificities MT2 and MB2 
were used by Markert and Cresswell!’ to 
precipitate antigen from an HLA DR3 
homozygous B cell line. Two-dimensional 
gel analysis revealed distinct a and f chains 
for the MT2 antigen and possible further 
heterogeneity in the a chain associated with 
MB2. Shackleford et al.'® have studied 
HLA DR2 and 6 and the associated super- 
typic specificity DC1 (also known as MT1 
and MB1) with specific alloantisera and a 
monoclonal antibody, Genox 353, specific 
for DCI. It was found that the a and f 
chains of DC1 were of slightly lower 
molecular weight than those of DR2 and 
DR6. On two-dimensional gels the DR and 
DC spot patterns were distinct and there 
was evidence that the DCI, spots 
associated with DR2 were different from 
those found with the DR6 haplotype. Corte 
et al.'° prepared peptide maps from DCI, 
purified with a DCI specific monoclonal 
antibody, and found differences between 
DCI and DR2, but no evidence for 
polymorphism in DC1. It is interesting that 
DCI is identified by a monoclonal 
antibody, MRC OX3, which reacts with an 
antigenic specificity (la9) associated with 
the I-A molecule of H-2 (ref. 20). 

In the light of the many structural 
similarities between H2la and HLA-DR 
antigens the reports in this issue of Nature 
by Shaw et al. (page 745) and Kavathas ef 
al. (page 747) describing the mapping of a 
gene locus that controls secondary mixed 
lymphocyte reaction stimulating deter- 
minants, SB, are very interesting. These 
polymorphic SB antigens, with five alleles 
defined so far, stimulate proliferation of T 
cell lines that have been grown in vitro by 
repeated challenge with cells of a particular 
SB type (but matched for HLA DR). Each 
line is entirely specific for one SB 
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determinant. Ina series of families in which 
HLA recombination had occurred, the SB 
locus was mapped between HLA DR and 
the glyoxylase locus, GLO. In a study of 
mutant cell lines which had ceased to 
express the HLA DR antigens, one of 
which showed a deletion on the short arm 
of chromosome 6, the SB stimulating locus 
was retained. This study therefore maps SB 
well outside the conventional boundaries 
of HLA. It is not clear at this stage whether 
SB is the equivalent of a known H-2 | 
region product and it will be interesting to 
see which monoclonal antibodies, if any, 
inhibit recognition. 

To summarize, the data indicate that the 
HLA DR region is indeed complex. There 
appear to be several loci with products 
definable as cell surface antigens. A 
minimum hypothesis would have to 
include at least four loci, coding for the a 
and f chains of HLA DR and DC, which 
are probably equivalent to I-E and I-A 
respectively. If SB is la-like, this would 
constitute a third series with no apparent 
homologue in the mouse so far defined. 


Mechanisms of 


The complexity may be much greater. 
Shackleford et al? have indicated that 
hybrid molecules may exist between the 
two types of alpha and beta chains that they 
have identified. Also there is the possibility 
that some of the DR specificities might be 
carbohydrate epitopes which may also be 
polymorphic?!. Future studies, 
particularly peptide mapping of antigens 
purified by monoclonal antibodies and 
direct identification of the HLA DR genes 
by DNA probes, should clarify the 
situation. 

The importance of HLA DR lies in its 
role in T cell activation. This is clinically 
relevant in transplantation where HLA DR 
matching is probably more important than 
HLA ABC matching. Many human 
diseases are associated with particular 
HLA DR antigens”, for instance multiple 
sclerosis with HLA DR2, organ-specific 
autoimmune diseases with HLA DR3 and 
rheumatoid arthritis with HLA DR4. A 
better understanding of the HLA DR 
complex might reveal the underlying 
reasons for these relations. 


cell mediated lysis 


from Elizabeth Simpson 


THE MECHANISM by which lympho- 
reticular cells kill target cells is much less 
well understood than target cell lysis by 
antibody and complement. A recent inter- 
national workshop* was designed to 
explore what was known of mechanisms of 
cell mediated lysis and to make com- 
parisons between the different types of cell 
mediated killing and to relate them, where 
possible, to complement mediated kill. 

Lysis by T cells both specific (TCTL) and 
lectin mediated (LDCC), by K cells plus 
antibody (ADCC), by natural killer (NK) 
cells and by macrophages were considered. 
Recognition and binding of the target cell 
precede the ‘lethal hit’ and the subsequent 
disintegration of the target cell. The 
recognition step can be separated from the 
lethal hit by the dependence on the 
presence of calcium in the medium of the 
lethal hit. Recognition and binding without 
the killing step can take place in the absence 
of calcium ions. 

Time lapse microcinephotography 
(Sanderson, NIMR, London; Zagury, 
Université Pierre et Marie Curie, Paris) 
provided evidence that there is a long and 
variable time (15 min — 3 hours) between T 
and K effector cell attachment to a target, 
and lysis, although the final lytic step is 
rapid and involves violent movement of 
both attacker and target. The attacking cell 





*The first international workshop on mechanisms of cell 
mediated lysis was heid in Marseille, September 13-17, 1981 and 
was organized by W.R. Clark and P. Goistein. 


then detaches and can move on to another 
target cell. The tempo of this reaction is 
certainly very different from that produced 
by antibody plus the complement cascade, 
which results within a very short time in the 
target cell membrane being plugged with a 
membrane attack complex which renders it 
leaky. (Lachman, MRC, Cambridge; 
Mayer, Johns Hopkins School of 
Medicine). 

The mechanism of kill has been analysed 
by several people working with cloned 
cytotoxic T cell lines and/or monoclonal 
antibodies directed against cell surface 
determinants on effector cells (Fitch, 
University of Chicago; Glasebrook, Swiss 
Institute for Experimental Cancer 
Research; MacDonald, Ludwig Institute; 
Martz, University of Massachusetts; 
Schmitt-Verhulst, Golstein, Pierres and 
Malissen, Centre d’Immunologie de 
Marseille-Luminy). T cytotoxic 
lymphocytes (TCTL) bind to their targets 
by specific receptors which recognize gly- 
coproteins of two different sorts, each 
coded by the major histocompatibility 
complex (MHC), H-2 in mouse, HLA in 
man (see Klein et al. Nature 291, 455). The 
first type, called class I, is exemplified by 
the H-2K and D molecules in mouse, and 
HL - A, B and C molecules in man, and 
determinants on these molecules have been 
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defined serologically using alloantibodies. 
The second type, called class I], are the 
H-21 region associated antigens of mouse, 
and the HL DR determinants of man. 
These can now be identified with appro- 
priate alloantibodies, but were initially dis- 
covered by their capacity to stimulate 
strong proliferative responses in mixed 
lymphocyte culture (MLC). 

The activity of cloned cytotoxic lines 
directed against class I major histocom- 
patibility (MHC) antigens can be blocked 
by monoclonal antibodies against Ly2. 
This affects the recognition step only, and 
is reversible. In contrast, cytotoxic clones 
directed against class II MHC antigens are 
not blocked by anti Ly2. Monoclonal anti- 
bodies directed against neither Lyl, nor 
MHC class I or H molecules on the effector 
cell block cytotoxic T cell function. A very 
interesting group of monoclonal anti- 
bodies directed against a cell surface glyco- 
protein (molecular weight “> 180,000) on 
cytotoxic T cells were reported by several 
laboratories. In each case, the antibody 
was raised against cytotoxic T cells, and 
blocked cytotoxicity of T cell clones 
against class I or H MHC antigens. 
However, the role of the molecule(s) in lysis 
is not clear, and may not even be essential, 
since cloned cytotoxic lines lacking the 
antigen are reported. In the case of some of 
these cytotoxicity blocking monoclonal 
antibodies, NK cytotoxicity could also be 
partially blocked. A specific cytotoxicity 
blocking monoclonal antibody was 
reported by Fitch, against his L3 cytotoxic 
clone. This could be an antireceptor 
antibody. 

Another analytic approach using 
somatic cell hybridization has been taken 
by other groups. Cytotoxic T cell clones 
(Nabholtz, Swiss Institute for Experi- 
mental Cancer Research) or trypsin treated 
bulk mixed lymphocyte cultures 
(Kaufmann, Weizmann Institute) were 
fused with a HAT sensitive T cell tumour, 
BW5147 and hybrids were grown in the 
presence or absence of T cell growth factor. 
Nabholtz stressed the importance of using 
karyotypically normal, stable cytotoxic 
clones isolated using concanavalin A free 
TCGF, filler cells and antigen for such 
fusions and obtained from them 
functionally active (cytotoxic), but TCGF 
dependent hybrids. From them, however, 
TCGF independent variants would 
occasionally arise spontaneously, although 
their functional activity was more variable. 
This was comparable with data shown by 
Glasebrook that cytotoxic T cell clones 
independent of externally added TCGF 
occurred, but these clones produced TCGF 
following activation by specific antigen. 
The cytotoxic hybrids reported by 
Kaufmann were independent of TCGF but 
no production of TCGF by them had been 
detected. They had retained functional 
activity after many months in vitro and 
could also be grown in vivo and retain 
activity. One of the aims of those producig 


cytotoxic hybrids is to produce genetic 
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mutants which can then be analysed funct- 
ionally and genetically, for example, by cell 
surface markers, to determine correlations 
between structure and function and so 
approach more directly the question of 
mechanism of T cell kill. Fitch approached 
the problem by mutagenizing not hybrids 
but cytotoxic clones, and then selecting 
with various monoclonal antibodies plus 
complement. Clones thus selected by anti 
Ly2 plus complement were Ly2 negative 
and had lost specific cytotoxic function, 
although they could still kill nonspeci- 
fically in the presence of the lectin 


concanavalin A. 


Killing of target cells by macrophages 
seemed at least in some instances to be a 
much slower process than T cell killing, and 
there was evidence that some tumour 


targets could resist macrophage attack by © 


effecting repairs (Hanna, Frederick Cancer 
Research Center, Maryland). Nathan 
(Rockefeller University) reported that 
macrophages secrete many substances, 
including arginase, proteases and 
hydrogen peroxide and that there were 
several pathways by which macrophages 
could kill, tumour cells for example, some 
of which require high levels of arginine. 
NK cell killing is not easy to study 
because it is variable, levels of activity 
cannot be raised by immunization and 
there is an incomplete understanding of 
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what target celis determinants are recog- 
nized. Certain tumour lines are very sensi- 
tive to NK killing and others are not. In 
mice, there is a remarkably good corre- 
lation between failure of a tumour to grow 
in vivo and sensitivity to NK cytotoxicity in 
vivo (Keissling, Karolinska Institute; 
Henney, Fred Hutchinson Cancer 
Research Center, Seattle). NK cell activity 
in mice is rather low (in comparison with 
man) and is missing in some mutant strains 
(the Beige mutant). In man, cells enriched 
for NK activity have been isolated from 
peripheral bloed and identified as large 
granular lymphocytes (Herberman, NIH). 
Electron micrography shows them to con- 
tain granules and polymerized tubules 
which may be excreted during lysis of target 
cells (Henkart, NIH). 

Target cell destruction by lymphoid cells 
is probably different from that of antibody 
plus complement, although the production 
of a membrane attack complex plug by a 
process analogous to that of the comple- 
ment cascade remains an attractive hypo- 
thesis to some (Lachmann and Meyer}. Use 
of a combination of cytotoxic T cell clones 
and monoclonal antibodies provides 4 
powerful approach that may be expected to 
yield information as to the identity of the 
various components of the killing 
mechanism, including even perhaps that 
continuing enigma, the T cell receptor! © 


Problems with solar oscillations 


from Douglas Gough 


THE increasing precision with which solar 
oscillations have been measured in recent 
years has enabled us to make interesting 
inferences about the structure of the Sun. 
As is well known, previously available data 
cannot all be incorporated into the 
theory. In particular, only if the 
abundances Y and Z of helium and heavy 
elements are presumed to be well below the 
values that are generally believed, will the 
neutrino luminosity be low enough to agree 
with observation. Independent measures 
are thus of great importance. 

To date, only oscillations with periods 
near five minutes have provided useful 
diagnostic information. The modes of high 
degree, first measured with adequate 
precision by Deubner' , have taught us that 
the convective envelope is at least 200,000 
km deep. Within the confines of standard 
theory, this could be so only if Y < 0.25 
and Z< 0.02, which is indeed in accord 
with most astronomers’ beliefs. More 
recently, similar abundances have been 
inferred from oscillation modes of low 
degree. Thus, on the whole, the different 
kinds of oscillation are pointing to a similar 
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theoretical model, although that model 
would produce more neutrinos than are 
actually observed. That may be telling us 
something about the weak interactions in 
which the neutrinos are created, or perhaps 
it is providing evidence that neutrinos have 

In principle, oscillation frequencies can 
give us much more information about not 
only the chemical composition, butalso the. 
density and temperature stratification and. 
the distribution of angular momentum.. 
The amount of data is increasing rapidly 
and there is reason to be hopeful that 
accurate measurements of some aspects of 
the Sun’s interior structure will be possible. 
in the foreseeable future. Atthe recent [AU 
Colloquium 6 these data were compared. 
and discussed. It was learnt that there 
remain several questions to be answered 
before they can be put to good use. 
Diameter measurements 

An analysis of the temporal power 
spectrum of solar diameter variations 
between 400 and 430 wHz showed peaks at 
416.2, 414.1 and 420.7 wHz (H.A. Hill, 
University of Arizona). There are only a 
few oscillation eigenfrequencies of the Sun 
in this range, and one is not hampered by 
interference between unresolved modes. 
The peaks are listed in order of an 
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increasing width which measures, Hill 
suggested, the separation of unresolved 
rotationally split components. The 
oscillations are probably p modes of low 
order and the three modes can be 
tentatively assigned degrees of 0 , 2and 3 or 
4 respectively. The analysis will no doubt 
provide a valuable diagnostic for the solar 
interior. 
Five-minute oscillations of high degree 
The latest measurements from the Kitt 
Peak Observatory (E.J. Rhodes, Jr, 
University of Southern California) showed 
phase coherence of the motion to be main- 
tained over two consecutive days. There is 
thus hope that the accuracy with which the 
dispersion relation is measured can be 
improved, so increasing the diagnostic 
power of the observations. Rhodes also 
reported that the apparent variation of 
rotational splitting reported earlier? could 
no longer be detected, and was probably a 
result of instrumental instability. J. 
Toomre, F. Hill and L. November (Joint 
Institute for Laboratory Astrophysics, 
Boulder) presented evidence for a time- 
varying distortion of the modes that may be 
a result of the velocity and temperature 
fluctuations associated with giant cells, 
and it was indicated how such distortions 
might be used to measure the convective 
flow. 
Five-minue oscillations of low degree 
There are several discrepancies between 
the results of the whole-disk Doppler 
measurements made by G.R. Isaak 
(University of Birmingham, UK) and his 
colleagues? and those by E. Fossat 
University of Nice, France and his 
colleagues*. Most striking is the separation 
of modes of like degree: the Birmingham 
group find an almost constant value of 
135.2 + 0.2 «Hz in the frequency range 2.3 
-- 4.0 mHz, whereas Fossat and his 
colleagues find that the separation 
increases with frequency, in accord with 
theory, and has a mean value of about 
136.0 wHz. Another point of disagreement 
concerns the lifetimes of the modes. From 
an analysis of sine-wave fits to data 
obtained on 28 contiguous days’, Isaak 
and his colleagues claim lifetimes of weeks, 
and are thus able to measure rotational 
splitting of 0.78 + 0.1 wHz sidereal. On the 
other hand, the single continuous record of 
120 hours duration obtained from the 
South Pole indicates lifetimes of only 
about two days. Thus Fossat and his 
colleagues doubt that rotational splitting 
of five-minute modes of low degree is even 
detectable. 


Five-minute oscillations in the 


bolometric intensity of the Sun were 
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100 years ago 
SOLAR PHYSICS 


Jrom Professor Stokes 


At the conclusion of my last lecture I stated 
my belief that those changes which are 
continally going on at the surface of the sun 
had their origin in currents of convection, 
and I illustrated the processes which are 
there going on by what we know to be going 
on the surface of our own earth. I referred, 
but only historically, to a theory which was 
thrown out many years ago as to the origin of 
solar heat by Sir William Thomson, 
according to which it depended on the 
impact of meteoric bodies. I stated my belief 
that the spots were produced by the 
downward rush of, comparatively speaking, 
cool portions of gas which had been in the 
first instance ejected during these eruption. 
In speaking to Mr. Lockyer afterwards | 
found that he had obtained independent 
evidence from his spectroscopic researches 
that these spots consisted of down-rushes of 
gas, and not, as some have supposed, of up- 
rushes. 

From Nature 22, 613, October 27, 1881. 


measured from the Solar Maximum 
Mission (H.S. Hudson, University of 
California). The relative amplitudes of the 
strongest modes were found to be 
1-2 x 10°. The two frequencies where the 
power was greatest were roughly equidis- 
tant from corresponding values obtained 
from the two whole-disk Doppler 
measurements. 

The discrepancies between the observ- 
ations might appear to be small, but for 
diagnostic purposes the level of disagree- 
ment is substantial. One possible 
explanation of the difference between the 
results is that the Sun is changing, for the 
observations were made at different 
epochs. But before we can entertain this 
idea seriously, we should perhaps have in 
hand simultaneous observations made with 
the different instruments. 

The 160-minute oscillations 

In addition to the well known Doppler 
measurements, V.A. Kotov (Crimean 
Astrophysical Observatory) reported 
variations in infrared intensity with relative 
amplitude about Ix 104, in radio 
brightness with amplitude (centre-to-limb 
difference) 3x104 and in radio 
polarization with amplitude 1 x 104. 
Hudson put an upper limit from SMM data 
of 5 x 10° in bolometric magnitude. 

There now seems to be general agree- 
ment that the oscillation is solar, despite 
the fact that the period of 160.010 minutes 
is close to one ninth of a terrestrial day. 
Past fears that the oscillation is a mani- 
festation of a terrestrial atmospheric 
phenomenon had been alleviated only 
slightly by the phase agreement between the 
independent observations at the Crimea, Pic- 


© du-Midi and Stanford, because the 


observatories are separated by almost integral 
multiples of 40 degrees in longitude. These 
problems were avoided by Fossat, Grec and 
Pomerantz who observed the oscillations 
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from the South Polet. 

There was considerable debate over the 
nature of the oscillation. If it is essentially a 
linear eigenmode it must be a g mode, but 
why is only one of the densely distributed 
eigen modes seen? One possibility is that 
resonant interactions with p modes is 
sufficiently selective. W.A. Dziembowski 
(Copernicus Astronomical Centre, 
Warsaw) discussed this idea, and argued 
that resonance is most likely with modes of 
high degree. Another possibility is that the 
mode is driven by nuclear reactions in the 
core, and that only one of the g modes is 
sufficiently concentrated near the centre of 
the Sun for driving to predominate over 
dissipation in the envelope. Nonlinearities 
have been invoked to concentrate the 
mode®, suggesting that it is a solitary wave 
propagating around the edge of the core. 
At the colloquium, E.A. Gavryuseva, Yu. 
S. Kopysov and G.T. Zatsepin (USSR 
Academy of Sciences, Moscow) explained 
how linear g modes can also be concen- 
trated, when the helium distribution is 
appropriate, in a manner reminiscent of an 
earlier discussion by W. Unno’. A.B. 
Severny and A.G. Kosovichev (Crimean 
Astrophysical Observatory, USSR) investi- 
gated the possibility that the oscillation is a 
product of interference between p modes, 
but it appears that the natural frequency 
that emerges is the mean separation 
between high order modes, which is 
measured to be 135.2 — 136.0 uHz and 
corresponds to a period of only 123 min. 
Perhaps the most exotic suggestion was 
made by S.I. Blinnikov and M. Yu 
Khiopov, (USSR Academy of Sciences, 
Moscow) who maintained that the 
oscillation is a manifestation of the per- 
turbation in gravitational field arising from 
a body of y-matter in orbit beneath the 
supergranular layer. 

Despite the considerable attention that 
has been devoted to this oscillation, we are 
still far from a conclusive explanation. 
Helioseismology 

Finally, there was a discussion of how 
the frequencies of solar oscillations might 
be used to infer the internal stratification 
and rotation of the Sun. The p modes alone 
give information about only the very outer 
layers and a region in the envelope between 
radii of about0.3R and 0.7R, where R is the 
radius of the sun. However, it is likely that 
a measurement of the entire density strati- 
fication can be made to an accuracy of a 
few per cent with the addition of only a few 
f-and g-mode frequencies. These may be 
hard to obtain because the modes required 
are expected to have lower amplitudes than 
the p modes. R.M. Bonnet (Laboratoire de 
Physique Stellaire et Planetaire, Verriéres- 
les-Buisson, France) concluded the 
meeting by reviewing the projects that have 
been proposed for obtaining the necessary 
data, the most promising of which appears 
to be a simple whole-disk Doppler 
measurement from space of the kind that 
was successfully made from the South 
Pole. Li 
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Microtubule polymerization in vitro is the summation of different reactions occurring at each end of the 
polymer. In steady-state conditions in vitro, net tubulin addition on to the microtubule occurs at one end 
of the polymer, and net tubulin loss occurs at the opposite end. Thus, a unidirectional flux of tubulin 
from one end of the microtubule to the other, or ‘treadmilling’, can occur. The opposite end 
assembly-disassembly behaviour of microtubules, if it occurs within cells, could be fundamentally 
linked to the functions of microtubules, as, for example, in the translocation of chromosomes during 
mitosis. 








IT has become evident during the past several years that the assembly and disassembly of the microtubules, seems to be 


cytoplasm of eukaryotic cells is highly organized, and contains 
an elaborate and dynamic three-dimensional network of fibrous 
skeletal components. The major components include, at a 


linked in an important way to chromosome movement. In the 
same manner, the assembly and disassembly properties of other 
microtubules may also be linked to their functions. 


minimum, microtubules, microfilaments, intermediate filaments 
and their associated structural and regulatory molecules. 

Microtubules (Fig. 1) are 25-nm diameter hollow cylindrical 
polymers, found in virtually all eukaryotic cells. They provide 
the cell with a dynamic structural framework with which it may 
mould various morphogenetic changes, and with an apparatus 
for the movement of organelles from place to place within the 
cellular environment. In both these functions, microtubules 
sometimes appear to integrate with intermediate filaments and 
microfilaments (see refs 1-7 for reviews). The basic building 
block of the microtubule is the protein tubulin, which is a 6S 
dimeric 100,000 molecular weight protein composed of two 
non-identical ~50,000 molecular weight protein chains desig- 
nated œ and B (refs 8-12). Tubulin is a strongly conserved 
protein’, and one could consider the tubulin polymer to be a 
bare skeleton which has been adapted to specific tasks by 
association with a variety of proteins and cofactors'*'*, or by 
post-translational modification of the tubulin itself. The fact that 
there are many distinct tubulin genes'”'’ presents a possible 
further dimension of regulatory complexity. 

Microtubules can be grouped into subclasses based on their 
stabilities. Some microtubules, such as those found in cilia and 
flagella, are completely stable, and the functions of these micro- 
tubules are clearly not linked to their assembly—disassembly 
properties. Most microtubules in eukaryotic cells, however, are 
labile. This group includes most microtubules found in the 
mitotic spindles of dividing cells, those in the axons and 
dendrites of neurones and microtubules found as a disperse 
network in the cytoplasm of mammalian fibroblast cells. In 
general, labile microtubules are depolymerized at low tempera- 
tures, by high calcium ion concentrations and by the action of 
antimitotic drugs such as colchicine, podophyllotoxin and vin- 
blastine'”’. 

It seems that a state of active equilibrium between micro- 
tubules and their subunits is often essential for the function of 
labile microtubules within cells. For example, the microtubules 
of mitotic spindles are in a state of dynamic equilibrium'* with b 
their cytoplasmic pool of subunits. Microtubule disassembly Fig. 1 Images of the microtubule structure. a, A negative stain whole 
seems to be essential for chromosome to pole movement during mount preparation of purified bovine brain microtubules, The longitudinal 
anaphase, with the rate of microtubule disassembly being rate- filamentous substructure and the exclusion of stain by the walls of the tube 








PRE ik ; > are visible. The microtubules are ~25 nm in diameter. Scale bar, 0.2 yum 
limiting for the movement (reviewed in ref. 19). Thus, the (micrograph by Dr Mary Ann Jordan). b, An idealized representation of the 
lability of spindle microtubules, insofar as it reflects the rates of subunit structure of the microtubule. A single dimeric subunit is depicted in 

SNe black on the microtubule. (Based on data of Dr L. Amos”. Drawing by 


* To whom correspondence should be addressed. Bio-Medical Illustrations, Seattle.) 
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Fig. 2 A schematic representation of substoichiometric drug blockage of 
microtubule assembly. When only a small number of subunits is drug bound, 
assembly is strongly inhibited. If a free equilibrium of the drug-bound dimer 
with the microtubule end existed, assembly would be minimally inhibited by 
substoichiometric drug, because a large excess of drug-free subunits is 
available to displace the drug-bound subunit at the assembly site. 


Drugs as biological probes for studying 
microtubule polymerization and function 


The conditions for in vitro assembly of microtubules were 
discovered by Weisenberg*’, and since then the specific 
requirements and optimal conditions for in vitro polymerization 
of tubulin (primarily from brain, but also from non-neural cells 
and tissues) have been extensively studied. The assembly reac- 
tion has many of the properties of a nucleated helical poly- 
merization of the type described by Oosawa and Kasai for the 
polymerization of actin’, with growth and shortening of the 
microtubule occurring by addition and loss of tubulin subunits at 
the ends of the polymer. Early studies by Allen and Borisy”* and 
by Binder et al.” established that growth at the two microtubule 
ends occurred at different rates, thereby demonstrating that 
microtubules possess an intrinsic growth polarity. 

A number of drugs are now known to interfere with micro- 
tubule function in cells, and most act by inhibiting microtubule 
polymerization. Several of the drugs, such as colchicine and the 
vinca alkaloid, vinblastine, have been characterized as substoi- 
chiometric poisons****. Tubulin has one high-affinity binding 
site for colchicine, and 50% inhibition of bovine brain micro- 
tubule polymerization occurs when only 2% of the tubulin free 
in solution is bound by the drug**’. There are two high-affinity 
binding sites on tubulin for vinblastine, both different from the 
colchicine site”, This drug also inhibits the assembly of 
bovine brain tubulin by 50% when only a very small percentage 
of the tubulin free in solution is bound by drug. It seems clear 
that these drugs are not inhibiting assembly by binding stoi- 
chiometrically to soluble tubulin and inactivating the tubulin so 
that it is incapable of participating in the assembly reaction. 
Therefore, either the drugs alone, or drug-tubulin complexes, 
must be interacting with one or both ends of the microtubule to 
produce the inhibitory effect. With colchicine, microtubule 
assembly is inhibited by a mechanism that involves the sequen- 
tial binding of colchicine to soluble tubulin followed by the 
binding of colchicine-tubulin complexes to microtubule 
ends***’*'*?_ However, the precise mechanism remains to be 
elucidated. 

Our investigations into the underlying reasons for the 
substoichiometric poisoning of microtubule assembly by col- 
chicine led us to the discovery of steady-state tubulin flux. We 
felt that substoichiometric blockage of polymerization by 
colchicine could occur only if microtubules could not readily 
disassemble at the drug addition site, as dissociation of the 
drug-tubulin complex would free the microtubule for further 
assembly due to the large excess of available free tubulin (shown 
schematically in Fig. 2). We reasoned that one of the possible 
explanations for retention of colchicine-tubulin complex at the 
ends of the microtubules was that at apparent equilibrium, 
subunits were being gained predominantly at one end of the 
microtubule, and were being lost predominantly at the opposite 
end”, 
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Microtubules as molecular treadmills: 
steady-state microtubule flux 


To determine whether there was a net addition of tubulin at one 
end of the microtubule (this would be designated the net 
assembly end, or A-end; see Fig. 3) and a net loss at the other 
end (the net disassembly or D-end; Fig. 3) at apparent equili- 
brium, we took advantage of the observation that guanine 
nucleotide (GTP) which binds to an exchangeable site on tubulin 
when the tubulin is free in solution, becomes non-exchangeable 
(as GDP) when the tubulin becomes incorporated into the 
polymer****. Thus, we found that bovine brain microtubules 
assembled to apparent equilibrium and exposed to a *H-GTP 
pulse incorporated the label linearly during a long time course, 
provided that care was taken to maintain the GTP pool in the 
presence of the normal rapid hydrolysis by inclusion of a GTP- 
regenerating system (Fig. 4). Microtubules assembled initially in 
the presence of tritiated nucleotide to label their entire length, 
lost label in a linear manner during an unlabelled GTP chase 
with the same time course as label was gained during a steady- 
state pulse”, 

Our interpretation of the linear loss and gain of guanine 
nucleotide was that, at apparent equilibrium in vitro, subunits 
were added in a net manner at one end of the microtubule and 
lost at the other end. By determining the mean microtubule 
length we could calculate the rate of tubulin flux in the condi- 
tions used, and for steady-state bovine brain microtubules, the 
flux rate was 0.7 um h`’. 

Several kinds of experiment could be performed to charac- 
terize further the tubulin flux and to eliminate possible alter- 
nate interpretations of the data, such as the possibility that 
label loss and gain represented guanine nucleotide exchange 
along the length of the polymer, rather than label loss and gain at 
the ends of the polymer. For example, podophyllotoxin, a drug 
which acts like colchicine, blocked label uptake but did not 
appreciably affect label loss from fully labelled microtubules. 
Furthermore, label uptake was shown to be proportional to the 
microtubule number concentration. Further, if net tubulin 
incorporation occurred at one end and net loss occurred at the 
other end, one would predict that a pulse of “H-GTP would be 
retained in the microtubule during a GTP chase until the tubulin 
dimer to which the labelled nucleotide was bound transited from 
the A-end where it became incorporated, to the D-end where it 
would be lost (see Fig. 5). Figure 6 shows the result of such an 
experiment, in which microtubules were assembled to apparent 
equilibrium in unlabelled nucleotide. They were sheared to an 
average but disperse length of 3.5 um, pulsed for 30 min with 
*H-GTP and then chased for 6 h with unlabelled GTP. No label 
was lost until after the first 90 min of chase (that is, no micro- 
tubules were shorter than 1 um) and with increasing time pro- 
gressively more label was lost from the microtubules. Label 


Disassembly end Assembly end 





— Tubulin fux <— <— 


Fig. 3 Steady-state reactions at microtubule ends. Equilibrium reactions 
exist at each microtubule end. At steady state, the rate constant for net 
tubulin addition at one end (k^) is greater than the rate constant for net 
tubulin loss (K^). This end is designated the ‘net assembly’, ‘A-end’ or 
‘assembly end’ of the microtubule. The rate constant for net tubulin loss at 
the opposite end (k®) is greater than the rate constant for net tubulin 
addition (k®). This end is designated the net disassembly, D-end or dis- 
assembly end of the microtubule, At steady state, there is a precise balance of 
net subunit gain at the A-end with the net subunit loss at the D-end, resulting 
in the unidirectional flux of tubulin from the A-end to the D-end of the 
microtubule. We are unable to use the plus (+) and minus ( — ) designations 
suggested by Bergen and Borisy™” for identification of the individual ends of 
the microtubules. The plus and minus assignments are based on flagellum- 
seeded growth of tubulin, and the relationship between the plus and minus 
ends of these microtubules, and the net assembly and disassembly ends of 
steady-state bovine brain microtubules, has not been established. 
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Fig. 4 Nucleotide incorporation into microtubules at steady state. Bovine 
brain microtubules assembled to steady state in the presence of assembly 
buffer, 0.1 mM GTP and a nucleoside triphosphate-regenerating system, 
were assayed for incorporation of a *H-GTP pulse by methods described 
elsewhere’. In the absence of any assembly-inhibitory drug, label uptake 
into the polymer is apparently linear with time. In the presence of sufficient 
podophyllotoxin (PLN) to block assembly completely, no label is 
incorporated. Disassembly of the polymer in PLN is occurring slowly 
(~7% h~’). 


remaining in the microtubules at the end of the 6 h was due to 
the presence of some microtubules which remained unsheared 
(9-10 um long). This experiment clearly demonstrates the head- 
to-tail assembly or ‘treadmilling’ which occurs in this system at 
steady state in vitro. 

Further, and of considerable importance, it was shown that 
treadmilling is a mechanism intrinsic to the tubulin backbone of 
the microtubule, as microtubules reassembled from pure sea 
urchin sperm tail outer doublet tubulin also exhibited the same 
treadmilling behaviour observed with bovine brain micro- 
tubules'*. Purified bovine brain microtubules are composed of 
~25-30% microtubule-associated proteins (proteins that co- 
purify with microtubules during cycles of warm assembly and 
cold disassembly), whereas outer doublet tubulin, to the limits of 
electrophoretic resolution, is free of microtubule-associated 
proteins. 

The method we used to characterize opposite-end assembly 
and disassembly of microtubules at steady state measured only 
the rate of steady-state flux of tubulin which had become 
incorporated into the polymer at the net A-end. The method 
could reveal nothing about the molecular association and dis- 
sociation events which reflect the reversible equilibrium reac- 
tions occurring at each end of the microtubule. It is now clear 
that there are distinct ctly reversible equilibrium reactions at each 
microtubule end'**’~** (shown schematically in Fig. 3). For 
example, Karr and Purich*® devised a rapid dilution technique 
which enabled them to study the depolymerization kinetics in 
non-steady-state (dilution) conditions. Their results indicated 
that tubulin release from the net assembly end in dilution 
conditions is very rapid. Bergen and Borisy have determined the 
rate constants for tubulin addition and loss at the two ends of the 
microtubule by measuring the growth, by electron microscopy, 
of porcine brain microtubule protein on to the proximal and 
distal ends of stable flagella outer doublet microtubules isolated 
from Chlamydomonas reinhardii*’. They assumed in their 
study that the outer doublet microtubules served as an internal 
marker of polarity and did not alter the polymerization kinetics 
characteristic of the two ends of a microtubule. These investiga- 
tors have found that net elongation (growth) is more rapid on the 
distal end of the flagellum outer doublet microtubules (referred 
to as the plus (+) end) than on the proximal (minus (—)) end. In 
the conditions used in their study, Bergen and Borisy found that 
both ends of the microtubule displayed dynamic activity. 
Further, their data demonstrated by a method independent of 
the one used by us” that microtubules possess an intrinsic 
head-to-tail assembly and disassembly behaviour. The rate of 
tubulin flux obtained iin the conditions used by Bergen and 
Borisy was 3-6 um h`, which is considerably more rapid than 
the 0.7 um h`’ flux rate ‘obtained with steady-state bovine brain 


microtubules in vitro**, or with steady-state microtubules 
obtained from sea urchin outer doublet tubulin’’. 

However, in the conditions used, Bergen and Borisy found 
that flux was very inefficient. Their method permitted cal- 
culation of the rate constants for gain and loss of tubulin, and 
they found that on the average, there was a lengthening of the 
microtubule by one subunit at the growing (+) end, and a 
shortening by one subunit at the (—) end, for each 14 association 
and dissociation steps. Thus, the extent to which dissociation of 
tubulin at the A-end of a microtubule competes with steady- 
state net tubulin addition may be very considerable, leading, in 
certain conditions, to a very low ratio of subunits actually 
becoming incorporated and fluxing, as compared with the 
number of subunits associating and dissociating at that end. 
More recent experiments by Cote and Borisy*” and by Cote et 
al.*’, in which association and dissociation rate constants and 
steady-state tubulin flux have been measured with pure 6S 
tubulin, have found considerably more efficient flux than = 
in the study just described, and a flux rate of ~50 ym h`’ 
steady-state conditions in vitro. This flux rate is ee el 
equal to the rate of chromosome movement during anaphase 
(see below). 

Margolis” has recently observed that the efficiency of tubulin 
flux with steady-state bovine brain microtubules in vitro can vary 
considerably depending on the concentration of GTP. For 
example, at high GTP concentration | 1.0 mM), the treadmilling 
incorporation of tubulin was relatively inefficient, in that a low 
percentage (21%) of the tubulin dimers that bound to the A-end 
actually become permanently incorporated at that end, whereas 
at low GTP concentration (0.1mM), the treadmilling 
incorporation was ~80% efficient. 

The existence of treadmilling im steady-state conditions 
requires that the critical tubulin concentration for assembly at 
the net A-end be lower than the critical concentration for 
assembly at the net D-end (see discussion in ref. 43). As would 
be expected of a steady-state system, it is now clear that energy 
provided by GTP hydrolysis is expended to maintain the dis- 
parity in critical concentration at the two microtubule ends, and, 
therefore, to maintain treadmilling. In the absence of GTP 
hydrolysis, tubulin flux does not occur®’** 

If microtubule treadmilling can oceur in cells, it is reasonable 
to expect it to be under homeostatic regulation. We have found 
that the treadmilling rate of bovine brain microtubules in vitro is 
strongly responsive to the addition of ATP, speeding up as the 
ATP concentration is increased**. A cyclic AMP-dependent 
protein kinase activity that phosphorylates microtubule-asso- 
ciated protein 2 (MAP) may be responsible, although phos- 
phorylation of other microtubule-associated proteins may also 
be involved (R.L.M., K. F. Sullivan, C. Rauch and L.W., in 
preparation). Jameson and Caplow have also observed an 
increase in the tubulin flux rate when phosphorylated MAPs are 
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Fig. S Schematic illustration of the migration of a short "H-GTP pulse 

representing incorporated tubulin (black subunits) from the net assembly 

end (A-end) to the net disassembly end (D-end) of a steady-state micro- 

tubule. During a brief chase with unlabelled GTP (represented by white 

subunits), all label would be retained. During a long chase with unlabelled 
GTP, all label would be lost. 
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Fig. 6 Demonstration of subunit treadmilling through microtubules by a 
pulse-chase experimental procedure. Sheared steady-state bovine brain 
microtubules (average length 3.5 um) were pulsed with °H-GTP, in condi- 
tions described in Fig. 4 legend, for 0.5 h. Following the pulse, microtubules 
were chased with 30-fold excess GTP for the times indicated. Label and 
protein retained in the polymer were assayed by analysis of microtubule 
pellets isolated at the end of the experiment by centrifugation through a 50% 
sucrose cushion. ©, °“H-GTP, A, protein in pellet. 


reconstituted with 6S tubulin as compared with reconstitution of 
tubulin with non-phosphorylated MAPs**. Thus, modulation of 
tubulin flux by a cyclic AMP-dependent protein kinase through 
phosphorylation of MAPs may be part of a regulatory system 
affecting microtubule function in cells. Interestingly, depletion 
of the cellular ATP pool reduces the rate of microtubule dis- 
assembly in cells, whereas addition of ATP increases the dis- 
assembly rate*°, suggesting that an ATP-dependent reaction 
controls microtubule disassembly in cells. 

In summary, the phenomenon of steady-state head-to-tail 
microtubule polymerization and depolymerization has been 
documented by independent methods in several 
laboratories 533374274445 The possible consequences of this 
phenomenon with microtubules in cells is that a constant subunit 
flow from one end to the other of an unconstrained microtubule 
could occur, thus creating a molecular treadmill with the poten- 
tial for doing work to move organelles or other attached 
materials from place to place. 


Possible cellular mechanisms and 
functions of treadmilling 


As exemplified by flagellar outer doublet microtubules, micro- 
tubules appear to have mechanisms for suppressing treadmilling 
and stabilizing themselves, despite the fact that their constituent 
subunits can be shown to form treadmilling polymers in vitro 
The fact that a polymer can treadmill in the test tube does not 
mean it inevitably will; rather, it is likely that the phenomenon is 
subject to cellular controls so that it occurs in the proper context, 
to fit a particular role. 

Treadmilling, as observed by Kirschner*’, may be an in vitro 
manifestation of a molecular mechanism that has other purposes 
in the cell. Kirschner has suggested that microtubules and also 
actin filaments use GTP and ATP hydrolysis, respectively, to 
produce a disparity in the critical subunit concentration for 
assembly at the two ends of the polymers, so that the growth of 
unanchored polymers is suppressed. For example, if a micro- 
tubule were anchored in an organizing centre at the D-end, and 
if that end were not free to exchange subunits (a requirement of 
the Kirschner model), then the addition and loss of tubulin to 
that microtubule would occur only at the A-end, and would be 
determined by the critical subunit concentration for assembly at 
that end. If a microtubule were unanchored, with the D-end free 
for subunit exchange, and if the critical concentration for net 
assembly at the D-end were appreciably higher than the free 
subunit concentration in the cell, then the unanchored micro- 
tubule would not survive. This mechanism, then, uses the 


meee 


i Degree 
© 
Lares 

mg protein per pellet (A.---A) 


Nature Vol. 293 29 October 1981 


hydrolysis of GTP to restrict microtubule assembly to specific 
seeded sites. 

Two aspects of the Kirschner model should be emphasized. 
First, the model requires that an anchored microtubule end is 
not free to exchange subunits. Thus, the anchorage at a kineto- 
chore or a centrosome completely ‘caps’ the end of the micro- 
tubule so that no gain or loss of tubulin can occur. Second, all the 
microtubules within the cytoplasm of a specific cell would be 
expected to be anchored at the same end (for example, all 
anchored at the D-ends), with all free (assembly and disassembly 
competent) ends the same (for example, all A-ends free). 

Another possibility is that microtubule treadmilling could be 
used by the cell to produce work, as in the translocation of one 
object past another. In this context, there are three important 
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Fig.7 Aschematic representation of our proposed mitotic mechanism 
The spindle region of a typical higher eukaryotic mitotic apparatus is 
depicted. Arrow lines indicate microtubules. The arrows represent the 
direction of dimer flow in the microtubules created by steady-state assem- 
bly-disassembly dynamics and by the sliding of antiparallel microtubules 
past each other. Microtubules are parallel or antiparalle! depending on 
whether their arrows point towards the same or opposite poles, respectively. 
Those microtubules that attach to chromosomes are kinetochore-to-pole 
(k~p) microtubules, all others are interpolar (i-p) microtubules of various 
lengths, which originate at or near one pole and traverse the spindle. The 
kinetochore, the organelle by which k-p microtubules attach to 
chromosomes, is represented by a line through the metacentric chromosome 
constriction. a, In prometaphase there is a re-establishment of microtubule 
assembly, following a transitional assembly blockage that permits the dis- 
mantling of the interphase microtubule network, and the establishment of 
organizing centres for the mitotic apparatus. Antiparallel microtubule shi- 
ding at this stage causes chromosomes to migrate towards the metaphase 
plate. b, At metaphase microtubules are at steady state. The mitotic appara- 
tus structure is maintained by the internal tension of antiparallel i-p micro- 
tubule sliding that pulls on sister chromatid linkages. c, Anaphase is charac- 
terized by the cleavage of sister chromatid links, and by simultaneous 
blockage of microtubule assembly at the kinetochore (solid blocks) and 
possibly, but not necessarily, at the equatorial region (hatched blocks), while 
i~p microtubule sliding continues. Note that k~p microtubules need never be 
actually treadmilling in order to be acted on by the spindle; however, there 
must be a special k~p anaphase disassembly mechanism (see Fig. 8}, as these 
microtubules are often seen to shorten and yet remain attached at both ends. 
Although parallel microtubule linkages are depicted as providing pericen- 
tromeric convergence, linkage to lateral anchoring elements at the poles {see 
Fig. 8} may also serve this capacity. e—e-——«, Parallel microtubule linkages; 
/, antiparallel sliding linkages between microtubules. 
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questions to consider in order to model any role treadmilling 
may have in a particular microtubule-dependent mechanism. 
First, what are the orientations of the A- and D-ends with 
respect to microtubule-organizing centres, or transported 
constituents; second, are both microtubule ends free to 
exchange subunits; and third, by what mechanism can the 
polymer be anchored and translocated in the cell so that its 
assembly reaction can do work? 

With respect to the question of microtubule polarity, Heide- 
mann and MclIntosh*’ and Euteneuer and McIntosh***” have 
recently developed an important technique which makes it 
possible to determine the orientation of microtubules in cells. 
They have used special buffer conditions to produce hook-like 
projections composed of tubulin that project from the surface of 
intact microtubules. When viewed in cross-section, the hooks 
rotate in a clockwise or anticlockwise manner depending on the 
polar orientation of the microtubules (viewing towards or away 
from a (+) or (—) end, according to the polarity designation of 
Bergen and Borisy’’). Pre-existing microtubules can be deco- 
rated in this way, and their polarity determined*’. For example, 
in the mitotic spindles of rat kangaroo PtK, cells*’, all micro- 
tubules belonging to a half-spindle (both kinetochore and 
interpolar microtubules) appear to be oriented with the same 
polarity. Telzer and Haimo~ obtained similar results using 
spindles isolated from eggs of the surf clam Spisula solidissima. 
These investigators have shown that the spindle microtubules 
could bind dynein from axonemes of Tetrahymena thermophila 
in a way that revealed the relative polarity of the microtubules. 
Their results, in accord with those of Euteneuer and McIntosh*’, 
indicate that all the microtubules in a half-spindle possessed the 
same polarity. The two half-spindles, therefore, represent two 
sets of microtubules that may interdigitate in an antiparallel 
manner with microtubules of the opposite half-spindle. If 
steady-state net disassembly ends (D-ends as we have defined 
them) of the microtubules within each half-spindle are oriented 
towards the poles, this would be the orientation consistent with 
our model of mitotic chromosome movement based on micro- 
tubule treadmilling (see Fig. 7, discussed below). 

It is important to point out, however, that the microtubule 
orientation predicted by the above results is the opposite of that 
expected on the basis of in vitro growth studies with micro- 
tubules and various initiating complexes™ =’, and of that pre- 
dicted by the Kirschner model** (unless kinetochores can 
capture elongating microtubules as proposed by Euteneuer and 
MclIntosh“’). In vitro microtubule growth experiments using 
centrosomes and kinetochores as nucleating sites in vitro have 
indicated that all the microtubules growing from these sites have 
their fast growing ends ((+) ends in the terminology of Bergen 
and Borisy*’) distal to the site of initiation. It is too early to 
explain the disparity between the in vivo and in vitro data, but as 
pointed out by Euteneuer and MclIntosh*’, the in vitro results 
involve a more or less severe disruption of the in situ 
morphology and might be displaying a misleading result. 


An anchorage-translocation system 


It is worth considering what the requirements would be in order 
that a unidirectional tubulin flux in microtubules might be used 
to do work, such as in the translocation of chromosomes during 
anaphase of mitosis. Tubulin flux in microtubules, or tread- 
milling, can occur in the cell if both ends of a microtubule are 
free to exchange subunits. However, inspection of electron 
micrographs of microtubules emanating from kinetochores or 
pericentriolar regions of cells suggests that all the microtubules 
have at least one end embedded in a structural matrix of some 
kind*’. It is, however, conceivable that microtubules are 
attached to a structural matrix by lateral linkages near their 
ends, in such a way that the ends themselves remain free for 
subunit addition or loss (see Fig. 8 legend for further discussion). 
This possibility is excluded in the Kirschner model as discussed 
previously*’. 

If both the assembly and disassembly ends of microtubules are 
free to exchange subunits, it is reasonable to ask how the 





Fig.8 Proposed lateral linkage element for microtubules, For microtubules 
both to treadmill and to remain apparently attached by their ends to cell 
organelles such as kinetochores and pericentriolar regions, a special 
mechanism for translocation past these fixed objects is necessary. That such a 
translocation occurs is evident in anaphase when kinetochore-to-pole 
microtubules, firmly embedded at both their ends in the kinetochores or the 
pericentriolar regions, nonetheless disassemble in an orderly manner 
without detaching either end. In fact, because these microtubules transmit 
the poleward forces to the separating chromatids, their attachment at both 
ends while disassembling appears necessary to their function. If the same 
lateral dynein-like linkages that we have proposed for separate antiparalle! 
microtubules (Fig. 7) to allow poleward displacement against fixed lateral 
elements, simultaneously the microtubule ends would be free for assembly- 
disassembly reactions, the microtubules would translocate unidirectionally, 
and would remain firmly attached to microtubule-organizing centres. 
Further, since a unique enclosed environment could be created beyond the 
lateral linkages, a specialized disassembly mechanism (possibly calmodulin 
dependent)*'*? might disassemble only that portion of microtubules which 
has translocated past lateral linkages. Such a lateral linkage element could 
also operate at the kinetochore, to produce constant outward translocation 
of the microtubule as it assembles. Similar attachment—translocation sites 
might be involved wherever microtubules insert into fixed organelles. A 
cut-away drawing is shown which is meant to demonstrate not so much what 
such an organelle might look like, but rather how it might operate. The 
microtubule has dynein arm projections that attach and translocate uni- 
directiionally by rowing past this enclosing element (in the direction of the 
large arrow). Net assembly and disassembly ends, as depicted, remain free to 
exchange subunits. 


polymers might be anchored and in what way they may push 
against fixed objects in order to translocate and thereby trans- 
form treadmilling into work. We have previously proposed a 
model of treadmilling utilization in mitosis, in which each of the 
two half-spindle sets of microtubules (each set emanating from a 
pole) interacts with the opposing half-spindle system to drive it 
towards its pole at a rate that just matches and compensates for 
the rate of growth of microtubule A-ends****. A constant 
equatorial assembly (in the region of overlap between the two 
half-spindle systems) and poleward flow of microtubules is thus 
established, which can be coupled to the chromatids at the 
proper times so as to segregate them poleward in anaphase (Fig. 
7). The model suggests that the disassembly ends remain free to 
dissociate subunits while the microtubule bundles aggregate 
towards and appear tethered to the pericentriolar locus. The in 
vivo polarity determinations of Euteneuer and McIntosh“ and 
Telzer and Haimo” are consistent with the proposed mitotic 
model. 

The microtubule translocation past fixed objects (for exam- 
ple, components of the pericentriolar matrix, organizing centres 
or even kinetochores) that is necessary to convert tubulin flux 
into work, could involve rowing past these objects by the making 
and breaking of dynein-like cross-bridges. As these interactions, 
although creating firm anchorage, are on the lateral surface of 
the microtubule, the microtubule ends remain free to exchange 
subunits (Fig. 8). Viewed in this way, the microtubule backbone 
itself may have a passive role in the anchorage and translocation, 
with the active work-producing machinery functioning laterally 
along the surface of the microtubule. 

Microtubules could be used in the cell in a highly versatile 
manner if they were functioning as rigid or semi-rigid passive 
rods, but with the potential for coupling the assembly, dis- 
assembly or flux of tubulin to an anchorage-translocation array 
of machinery. At one end of the spectrum of functional possi- 
bilities, the microtubule could be modified by associated pro- 
teins to create a stable rigid rod, and the function of the 
microtubule would be mediated by an anchorage-translocation 
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array of machinery not coupled to assembly, disassembly or flux 
(as in the case of sperm flagella microtubules). At the other 
functional extreme, the microtubules would be capable of 
treadmilling. The rate of treadmilling, and translocation of cell 
components which are attached to the microtubule surface, 
would be strictly coupled to the work-producing anchorage- 
translocation machinery. Between these extremes a wide variety 
of mechanisms could be envisaged. For example, work-produc- 
ing anchorage and translocation machinery may be coupled with 
disassembly near the D-end of a microtubule. In this situation, a 
microtubule could ratchet past a fixed anchorage-translocation 
complex concomitant with depolymerization, while the cell 
components attached to the microtubule at or near the A-end 
would move towards the fixed anchorage-translocation 
complex. Such a mechanism may be functioning in the case of 
kinetochore microtubules during anaphase**”’. 

We visualize a treadmilling mechanism as being of use to the 
cell in at least two ways: to translocate organelles or other 
substances from place to place, and to act as a temporal and 
spatial marker for the various morphological changes that are 
coordinated with the microtubule system. Provided that micro- 
tubules could flow past fixed objects in the cell, they would be 
able to translocate any vesicles or other organelles bound to 
their surface. The rate of translocation would equal the rate of 
microtubule treadmilling. In this way, microtubules could use 
treadmilling to translocate secretory granules, viruses or mito- 
chondria, or maintain cytoskeletal systems such as melano- 
phores and intermediate filaments in a dynamic and readily 
reversible structure. Such translocations could conceivably 
occur over relatively great distances, as in microtubule-depen- 
dent slow axonal transport. Note that treadmilling is not the only 
conceivable means of transporting materials. Microtubules may 
also remain stationary and translocate organelles along their 
length using dynein-like mechanisms®”, as previously indicated. 
It is possible that microtubules can form the passive skeletal 
framework on which an active transport system is independently 
constructed. This may be the case in the axopodia of 
heliozoans®’, and has been suggested as an alternative 
mechanism in axonal transport. 

Microtubules often seem to affect events at a distance in the 
cell in a precise temporal and spatial manner. For example, 
during mitosis, the onset of anaphase (the breakage of chroma- 
tid bonds), the deposition of the cytokinetic furrow material and 
the onset of cytokinesis are all dependent on functioning micro- 
tubules and appear blocked if microtubules are absent. At low 
colcemid (an analogue of colchicine) concentrations the pro- 
gress of anaphase and cytokinesis are coordinately delayed”. It 
is possible that the microtubule treadmill acts as a timing 
mechanism in coordinating cellular processes. Indeed, as the 
placement of the cytokinetic furrow depends on the mitotic 
apparatus orientation, treadmilling may also communicate spa- 
tial information™. 

As a model of how such a mechanism might operate, consider 
the enzyme-catalysed addition of tyrosine to the carboxyl 
terminus of the a-subunit of tubulin®’. Whereas the favoured 
substrate for tyrosination is the subunit form of the protein®°**, 
the favoured substrate for the enzymatic removal of tyrosine is 
the microtubule. Suppose the titre of detyrosinated tubulin 
activates cellular processes, and that the tyrosination reaction is 
blocked or slowed at the onset of mitosis. Then as mitosis 
proceeds, tubulin enters microtubules, is detyrosinated and 
released at the poles. Detyrosinated tubulin then diffuses 
outwards from the poles in ever increasing concentration and, 
when certain titres are reached, triggers anaphase cleavage of 
chromatids, deposition of cytokinetic material and, finally, 
cytokinetic ring contraction. If treadmilling is slowed by drug 
treatment, the signalling system would therefore be delayed to 
the same extent. 

Even if the tyrosination-detyrosination cycle does not have 
such a role, it illustrates how cellular events could be timed 
relative to the amounts of tubulin polymerized in microtubules, 
and to the rate of microtubule treadmilling. 
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Treadmilling of actin filaments 


As with tubulin, it has been known for several years that ATP 
hydrolysis is not essential for the polymerization of actin, yet 
hydrolysis of ATP accompanies the polymerization’. 
Further, the addition of subunits occurs at the two ends of an 
actin filament at markedly different rates. The two ends of the 
actin polymer can be distinguished by decoration with heavy 
meromyosin ‘arrowheads’, and the rate of growth at the ‘barbed’ 
end is substantially greater than that at the pointed end’'"”*. The 
results of Wegner’*”*, who studied the incorporation of labelled 
actin subunits into steady-state filaments, have indicated that 
the hydrolysis of ATP produces a disparity in the critical 
concentration for actin assembly at the two ends of the polymer, 
and as in the case of microtubules, a steady-state unidirectional 
net flow of actin subunits from one end to the other could occur 
in the presence of ATP. Kirschner’s model*’, which proposes 
that nucleotide hydrolysis results in the selective stabilization of 
anchored filaments, applies to actin microfilaments in cells as 
well as to microtubules. Very limited data are available on in 
vitro head-to-tail assembly of actin filaments; however, Pollard 
and Mooseker’® have analysed by electron microscopy the 
growth rates of actin onto bundles of actin filaments isolated 
from intestinal microvilli, and have obtained rate constants 
allowing the calculation of a steady-state actin flux rate of 0.7 
molecules of actin per s in one of the sets of conditions used. 
Independent evidence that actin treadmilling can occur in vitro 
has obtained both directly” and indirectly’*”’. For example, 
using a fluorescent analogue of ATP as a probe for actin addition 
to and loss from steady-state actin filaments in vitro, Wang and 
Taylor” have measured a rapid subunit flux. 

Several technical problems exist with microfilaments that do 
not seem to occur with microtubules. For example, the breaking 
and re-annealing of actin filaments which are difficult to measure 
could significantly hamper the interpretation of actin tread- 
milling data. As with microtubules, there is no evidence regar- 
ding the question of whether actin filaments can actually 
treadmill within cells. However, a recent report by Tilney et al.®° 
has indicated that, despite membrane association of actin 
polymers at their barbed ends, assembly of actin filaments can 
occur at these ends. This observation makes active treadmilling 
of anchored polymers in living cells a more realistic possibility. 


Concluding remarks 


It is now well established that microtubules exhibit steady-state 
opposite end assembly and disassembly in vitro. Evidence which 
is not as extensive also indicates that actin filaments exhibit the 
same flux behaviour in the presence of ATP. It is important to 
emphasize that treadmilling has not been directly demonstrated 
in the cell, and until a direct demonstration has been made, it 
would be prudent to regard treadmilling as an in vitro 
phenomenon whose intracellular role remains to be established. 
If treadmilling occurs in the cell, it could be utilized in a great 
many ways to create and organize the flow of the cell sub- 
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The radio source 1413+135 is shown to be one of the strongest known emitters of millimetre radiation. The energy 
distribution of this object measured between metre and X-ray wavelengths reveals that most of the power emitted by this 
object comes out at millimetre and far-IR wavelengths. If the emission at 1 mm is due to incoherent synchrotron radiation, 
then the source must be very compact, with a size around 25 p arc s, and contain a magnetic field larger than 10 G. The 
steep spectral index in the near-IR is attributed to a high-energy cutoff in the distribution of synchrotron emitting electrons at 


a Lorentz factor y ~ 300. 


CONDON ET AL.’ obtained an interferometric position for the 
moderately bright (0.7 Jy at 2.7 GHz'), flat-spectrum radio 
source 1413+ 135, also known as OQ + 122 (ref. 2), They were 
unable to find an optical counterpart to the source brighter than 
m, ~19 mag on the Palomar Sky Survey prints. Rieke et al. 
examined the position of this ‘empty field’ source and found a 
relatively strong source of 2.2-um radiation with a very steep 
1.25~2.2 um spectral index, aj. =—3.4 (where the spectral 
index a is defined by F, xv"). Rieke et al. suggested that 
1413+135 might be a new type of extra-galactic radio source 
based on the extreme steepness of its near-IR continuum. 
Beichman et al.* extended the observations of 1413+135 to 
10 um, obtained a near-IR spectrum and concluded, on the 
basis of the shape of the 1.2-10-um continuum, the lack of 
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features in the spectrum and the rapid variability at 2.2 ym (ref. 
3), that 1413 +135 was an extremely red BL Lac object, emit- 
ting much of its power in the IR. 


Observations 


New measurements of 1413+135 at various wavelengths are 
presented in Table 1. Millimetre observations of 1413+ 135 
were made using an incoherent liquid “He cooled composite 
bolometer*”’ at the prime focus of the 5-m Hale telescope at 
Palomar Mountain. The 1 mm continuum observations of 
1413+135 were followed immediately by a ao 
Jupiter and 3C273 at nearly the same airmasses. The ar 
precipitable H,O was determined by measurements o 
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Table 1 Observing log for 1413 +135 


Flux Density 


Date Wavelength (mJy) 
25-27 November 1980 1.0 mm 4,800 + 500 
4 December 1980 2.8 cm 2,300 +300 
21-24 December 1980 1.0 mm 4,300 +400 
22 December 1980 2.8 cm 2,100+ 100 
8 January 1981 2.8 cm 2,000 +109 
17-21 January 1981 1.0 mm 4,300 + 300 
20 January 1981 2.4mm 7,000 + 2,000 
15 March 1981 3.5 pm 111 
2.2 um 2.8+0.13 
1.65 um 0.91+06.05 
1.25 um 0.34+0.03 
23 March 1981 1.0 mm 6,100+ 1,500 
15 April 1981* 2.1 cem 3,500 + 200 
3.75 cm 2,100 + 200 
22 April 1981 100 pm 1,400+ 1,000 


* H. Aller and M. Aller, personal communication, 


amount of H,O along the line of sight to the Sun®. Jupiter was 
adopted as the primary flux standard using a brightness 
temperature of 168+8 K (ref. 9). All the observations of 
1413+135 were reduced to give a flux density at 1.0 mm (ref. 
10), assuming a spectral index of 0. For a <2, the results are 
insensitive to the choice of a. The absolute uncertainty in the 
millimetre calibration is ~30%. The data were averaged to give 
a 1.0-mm flux density of 4.5 Jy; there was no evidence for 
variability greater than the statistical uncertainty in each obser- 
vation. 

New near-IR observations were obtained on 15 March 1981, 
using an InSb detector at the 5-m telescope. 

Observations at 2.4 mm were made on 20 January 1981, using 
a SIS heterodyne receiver'' with a 175K noise temperature 
(double sideband) at the bent Cassegrain focus of the 10-m 
antenna at the Owens Valley Radio Observatory. The obser- 
vations were calibrated relative to Jupiter for which a brightness 
temperature of 179+ 5 K was used’’. 

Observations at 2.8 cm were made on 4 December 1980 and 
on 8 January 1981, using the 40-m telescope at the Owens 
Valley Radio Observatory*. A flux density at 2.8 cm of 2.1+ 
0.2 Jy was obtained in both December 1980 and January 1981, 
with no evidence for variability. Aller and Aller (personal 
communication) report, however, that a large outburst occurred 
at 2.1 cm during September and October 1980. 

Observations were made at 100um using the Kuiper 
Airborne Observatory on 22 April 1981, with the photometer 
described by Harvey“. The observed flux density was 1.4+ 
1.0 Jy, corresponding to a 3g upper limit of 3.0 Jy. Observations 
made at 2 and 4 cm during mid-April (H. Aller and M. Aller, 
personal communication) shown that 1413 + 135 was not flaring 
at this time. 


Discussion 


The composite energy distribution for 1413 +135 from 2 cm to 
X-ray wavelengths is shown in Fig. 1. The object 1413+135 
varies at many wavelengths’*'* making it difficult to construct 
an overall energy distribution for the source. The new data 
shown in the figure were obtained from November 1980 to April 
1981, but an observation at 2.8cm was made contem- 
poraneously with each of the other measurements and showed 
no variation >40% at these times. On the scale of Fig. 1 and for 
a discussion of the overall energetics of the source, these varia- 
tions are not significant. 

The observations at wavelengths longer than 100 pm are 
plotted as obtained. An observation of 1413+135 at 10 um 
obtained in July 1980 has been incorporated into Fig. 1. A 
comparison of the July 1980 near-IR data* and the March 1981 
data show a brightening of about 40% during this time. Because 


the shape of the energy distribution of 1413+ 135 shows little 
variation as the source brightness varies’, the July 1980 10-ym 
data have been increased by a factor of 1.4 for inclusion in Fig. 1. 

What distinguishes 1413+135 from other sources is its 
concentration of energy at millimetre and submillimetre 
wavelengths. More than 90% of the total luminosity of 1413 + 
135 is emitted between 1 mm and 3.5 ym. The spectrum of the 
source from 2cm to 10 um resembles those of II] Zw 2, a 
luminous Seyfert galaxy'*'®, and OJ287, a highly variable BL 
Lac object'’, but declines much more rapidly at shorter 
wavelengths than in these objects. 

Based on the 2.4- and 1.0-mm data of 19 January 1981 and 
the 2.8-cm data of the previous fortnight, it is apparent that the 
flux density distribution of 1413 + 135 has a maximum around a 
wavelength of 2.4mm, with a = —0.5+0.3 between 2.4 and 
1 mm. From 1 mm to 3.5 um a =~1.06+0.02, but the slope 
steepens sharply to a = —3.0+0.2 between 3.5 and 2.2 um. 

A possible explanation for the steep near-IR spectrum of 
1413+135 is obscuration by dust intrinsic to the source. Two 
facts argue against this possibility. First, it is difficult to explain 
the abrupt change in spectral index at 3.5 um by reddening 
alone, as the 2.2-4m datum lies almost 1 mag below the value 
extrapolated from 3.5 um using a = —1. Although a detailed 
analysis depends on the redshift of 1413+135, a normal 
reddening law predicts a deficit of only about 0.5 mag. 

Second, the 1-mm and 100-um data also put slight constraints 
on the amount of dust in the source. If the intrinsic spectrum of 
1413+135 were characterized by a = —1.06 into the UV, then 
the difference between the flux actually observed and the flux 
that would be observed in the absence of dust is ~2.4x 
10°" Wm™. If the visual-UV luminosity is absorbed and 
reradiated by dust surrounding the source, this flux should be 
observable at far-IR or millimetre wavelengths. With no know- 
ledge of the redshift of 1413+135 it is impossible to place 
quantitative limits on the amount of dust or its temperature '®. 
The 1-mm data correspond to a flux of 1.2x10°'* W m” and 
tule out emission from very cold, redshifted dust with a total 
power output equal to the hypothesized deficit at visual and UV 
wavelengths and temperatures T<5(1+2z) K, where z is the 
redshift. The 100-um upper limit corresponds to 9x 
1074 W m” and is not sensitive enough to preclude the possi- 
bility of emission of grains with T ~ 30(1 +z) K. More sensitive 
observations between 100 and 350 um would put strong con- 
straints on the amount of dust in this source. 
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Fig.1 The energy distribution of the source 1413+ 135 between 
November 1980 and April 1981. @, New data reported in this 
paper (Table 1) or in ref. 4. W, Data from Aller and Aller (personal 
communication). A, X-ray datum from ref. 14. The dashed vertical 
line at 0.5 um represents an estimate of the visual flux density of 
the source based on its appearance in the television guider at the 
5-m telescope. The dashed curve shows a model for the optically 
thin synchrotron emission from 1413 + 135. The solid curves show 
the thermal emission from dust grains at two representative 
temperatures with a total flux of 2.4 x 10°7'* W m™ and an emis- 
sivity proportional to frequency. 
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An alternative to attributing the redness of the energy dis- 
tribution of 1413+ 135 to dust is to consider the synchrotron 


mechanism itself, Rieke et al? and Bregman et al.’* have 
suggested that the steepening of the spectrum is due to a dearth 
of electrons of sufficiently high energy to radiate at high 
frequency. The introduction of a high-energy cutoff at a Lorentz 
factor y, results in a steepening of the energy distribution at 
frequencies above’ 


v. >4.20y.°B MHz (1) 


where B is the magnetic field. The dashed line i in Fig. 1 shows a 
model” for the optically thin emission with v, = 5.7 x 10°(1 + z) 
Hz and a = —0.87 at v « v. The visual datum lies significantly 
above the model and may require a second component to 
explain the emission at visual wavelengths; this component has 
been discussed elsewhere’. 

The existence of a high-energy cutoff in the electron dis- 
tribution rules out the possibility that the X-ray radiation from 
this source is due to primary synchrotron radiation. Inverse 
Compton scattering will, however, increase the frequency of a 
radio-IR photon by a factor of y*. With the range of ys observed 
in this object, the synchrotron-self Compton mechanism”? can 
thus explain the X-ray emission. 

If the radiation from 1mm to 1.25 um is caused by the 
incoherent electron synchrotron mechanism’’*', the source 
must be very compact to be optically thick at wavelengths as 
short as 2 mm. The source size is given by” 


6=2.2F 7A (1+2)'?°TH? (2) 


where @ is the source size in parcs, F, the flux density in Jy, A the 
observed wavelength in mm, z the redshift of the object and Ti; 
the brightness temperature in units of 10'* K. Observational 
studies*’ and theoretical considerations” suggest that the rest 
frame brightness temperatures for compact radio sources fall in 
the range 10''-10'* K. Using the observed 2.4-mm flux density 
of 7 Jy, the apparent angular radius of 1413+ 135 lies between 
14(1+z)'? and 44(1+z)'? parcs for 0.1< T,.<1.0. For a 
cosmology with a deceleration parameter qg=+1, the cor- 
responding linear size of the region is given by 


r=cz@H,' (1+z)° (3) 


With a Hubble constant H,= oe a s`} Mpc™t', this size is 
0.4z(1 +z) <r<1.3z(1+zy7 

Assuming the 2-keV flux density of 22x10 Jy from 1413 + 
135 (ref. 14) is due to the self-Compton mechanism, it is possible 
to estimate the magnetic field strength, B, in the compact source, 
as the ratio of energy densities in the magnetic and radiation 
fields must be comparable with the ratio of the luminosities of 
the synchrotron and Compton components'®**. The energy 
density, Um, in the magnetic field is given by (in cgs units) 


Um ~ B?/82 ~(L,/Lx)U, (4) 


where L,/ Lx is the ratio of the total (synchrotron) luminosity to 
the X-ray (self-Compton) radiation. U, is the energy density in 
the radiation field and is given by 


U, = 4al/c~L,/ (arc) (5) 


Between 2 cm and 1 um the total luminosity is 3.7 x 10°°z? W 
(for qo = +1) where a straight line interpolation between 1 mm 
and 10 um has been assumed. The X-ray flux'* observed 
between 0.5 and 3.0 keV is 1.9 x 107'° W m™?. Ly also depends 
on the emission outside this band. For a flat-spectrum source 
emitting significantly within a passband AE (keV) the X-ray 
luminosity is 8.26 x 10°’z?(AE/2.5 keV) W. With these values, 
the above equations yield for the field strength 


~ 166(1+2)'°T13 (AE/2.5 keV) `? G (6) 





leading to fields in the range 50-150 G. As noted be Rees 
these large magnetic fields may be reduced by invoking t : 
presence of large-scale, extremely relativistic mass motions ` 
within the object. ‘ 

From the best value of v, and equations (1) and (6), the — 
maximum Lorentz factor is i 





: y. ~ 280(1 ee 2) To 1/4 (AE/2. 5 kev)i” (7) 


One consequence of the large magnetic fields within 1413 + 135 
is that the half life of the emitting electrons must be quite short’? 


to = 5X 108/yB? = 64(1 + 2)? T7975 (AE/2.5 ke VP) 
(8) 


or a few minutes for the highest-energy electrons in the field 
given by equation (6). Accordingly, there must be an injection of 
relativistic electrons on a very rapid timescale. Bregman ef al.“ _ 
have observed large variations in the night-to-night emission 
from 1413+135 at 2.2 um. The extreme variability around s 
must be partly due to the exponential sensitivity of the high- — 
frequency emission to the exact value of y,—a slight variation in 
y. producing a large change in the flux density. 

The energy distribution of 1413 + 125 resembles that of a very: 
red BL Lac object. Although it is not known whether the degree 
of redness of BL Lac spectra is due to differing redshifts or 
physical conditions within the sources, the object 1413+ 135 is 
clearly an extreme member of the class. As a far-IR extra- 
galactic source, 1413+135 may be among the first of many 
sources of this type to be found in‘a long wavelength, all sky 
survey such as that planned for the IRAS satellite. 
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The extremely red QSO 1413 + 135 shows characteristics typical of BL Lac objects—no emission lines, is embedded in a 
luminous galaxy, is subject to rapid radio and IR variability, has an inverted radio spectrum and shows substantial IR 
polarization. The rapid steepening of the nonthermal spectrum at à < 5 um is interpreted as synchrotron emission from an 
electron distribution that ends sharply at some maximum energy. The X-ray emission is probably inverse Compton 
radiation. We calculate that the optically thin emitting region is compact, has a large magnetic field and exhibits bulk 
relativistic motion towards the observer. The most energetic electrons in the emitting region have a Lorentz factor of 10 “10. 





ATTEMPTS to determine the physical conditions of the 
continuum emitting regions of QSOs have failed to obtain well 
defined values for the model parameters because the data can be 
interpreted equally well by a wide variety of models. Because of 
its unusual spectrum, the red QSO 1413+ 135 proves an excep- 
tion in this respect. We report here simultaneous observations of 
the continuous spectrum of 1413 + 135 from which we make the 
first estimate of the maximum energy of the electrons in a 
synchrotron source. We can also determine other parameters 
such as source size and magnetic field with improved accuracy. 

Red QSOs’? share several properties with BL Lac objects 
and optically violent variable QSOs (OVVs): they are strong 
flat-spectrum radio emitters, variable on a time scale of weeks or 
less, and frequently lack emission lines. The distinguishing 
characteristic of red QSOs is the extremely steep decline in their 
continuous spectrum between IR and optical wavelengths. In 
terms of the energy flux distribution F, <v™, the characteristic 
spectral index a = 3. Consequently they are readily detected in 
the IR, but very difficult to observe optically”. The characteristic 
steep spectra of red QSOs is believed to be an intrinsic property 
of these objects, and not the result of selective extinction’. 

The red QSO 1413+135 is particularly suited to detailed 
study because it is one of the brightest members of its class at 
radio and IR wavelengths. By determining the redshift and 
monitoring the IR and radio flux, we have obtained essential 
information on the size of the emitting region. We have also 
obtained nearly simultaneous observations of the continuous 
spectrum in the radio, IR and X-ray bands. The IR observations 
provide a good determination of a cutoff in the spectrum. The 
composite spectrum permits determination of the parameters of 
a simple theoretical model, that is size, magnetic field and bulk 
velocity and the maximum energy of the synchrotron electrons. 
The key element in the analysis is that the unusual shape of the 
steeply falling IR spectrum of 1413+135 places strong con- 
straints on theoretical models of the source of its continuous 
emission. 


Observations 


Near IR observations of 1413+135 were obtained with the 
1.54-m and 2.25-m telescopes of the University of Arizona with 
the same IR photometers used previously. Apertures of 8.5 arcs 
and 7.8 arc s, with spatial chopping of 10 arc s, were used 
respectively with the two telescopes (calibration procedures are 
described elsewhere (ref. 5 and G.H.R. unpublished data)). The 
most extensive measurements, obtained at K (2.2 um), provide 
additional information on the variability of the source (Table 1). 

During January 1980 we obtained IR photometry of 1413 + 
135 out to 10.6 pm, which are normalized to the flux level 
measured at 2.2 pm on 24 January 1980 (Table 2). Measure- 


ments at 2.2 um were obtained within 1 h of the measurements 
at the other wavelength to facilitate this normalization. The 
major conclusion from this photometry (Fig. 1)—that the spec- 
trum becomes less steep beyond 5 ~m—has been discussed 
elsewhere’ and confirmed by subsequent measurements’. 

We also measured the polarization of the source at 2.2 pm on 
26 January 1980 and found it to be 16+ 3%, at a position angle 
of 175°+ 5° (the instrumentation is discussed in ref. 8). 

Our new observations support the suggestion that the 
exceedingly steep spectral slope of 1413 + 135 is not a result of 
reddening of an otherwise normal quasar spectrum’*’. Given 
the redshift of 1413 + 135, the extinction of absorbing material 
must be large (A, = 6) if the IR spectrum was originally a simple 
power law of slope ~1.5. This extinction would imply a high 
degree of multiple scattering at 2.2 4m, which could depolarize 
the source, in disagreement with observations. Furthermore, 
when the observed spectrum is corrected for such large absorp- 
tion, it would have an optical-IR to radio luminosity ratio 
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Fig. 1 Nearly simultaneous observations of 1413+ 135 taken 
during 21-24 January 1980. The data have been fitted by a 
theoretical spectrum of synchrotron emission from a power-law 
electron distribution which terminates at some maximum energy 
(equation (1)). The fit of the theoretical spectrum to the IR data is 
insensitive to the slope of the power law electron distribution (E Pes 
n=1.8 here). The X-ray emission, which is clearly not an 
extrapolation of the IR continuum to higher energy, may be inverse 
Compton radiation, 


ee ee 


0028-0836 /81/4407 14—04$01.00 


© 1981 Macmillan Journals Ltd 


Nature Vol. 293 29 October 1981 





Table 1 Variability of 1413 +135 at 2.2 pm 


Flux 
Date (mJy) Ref. 

10 February 1979 3.32+0.10 2 

7 March 1979 1.72+0.12 2 

8 March 1979 1.98+ 0.18 2 
24 January 1980 5.5 +0.3 This work 
25 January 1980 46 +02 This work 
26 January 1980 3.7 +0.2 This work 
10 February 1980 2.55+0.2 7 
27 February 1980 4.2 +0.2 This work 
26 April 1980 2.35+0.2 This work 
21 May 1980 2.0 +0.2 This work 
22 May 1980 1.8 +0.15 This work 
23 May 1980 2.6 +0.2 This work 
21 July 1980 1.71+0.09 7 
25 July 1980 2.15+0.20 7 

4 August 1980 1.98+0.10 7 

5 August 1980 1.76+0.14 7 


substantially larger than what is observed in all other flat spec- 
trum radio sources’. 

We have located 1413+135 accurately on the Palomar Sky 
Survey plates and confirm the original PKS position and finding 
chart’®; the finding chart given by Condon et al.** is incorrect. 
The positions of the source measured in the radio, IR, optical 
and X-ray bands are identical, to within measurement error. The 
optical image is red and clearly extended, and we suggest that it 
is a distant underlying galaxy. An optical spectrum of this galaxy, 
obtained at the Multiple Mirror Telescope, shows the H and K 
break at 5,000 A, corresponding to a redshift of z = 0.26 +0.01 
(Fig. 2). At this redshift, the next accessible strong absorption 
features expected in the spectrum of a giant elliptical galaxy are 
Hô and CH; these features are present in the data, at modest 
signal-to-noise ratio. There are no emission lines, and the 
nonthermal continuum is overwhelmed by the galaxy at 
~0.5 um. 

X-ray observations of 1413 +135 were made with the Image 
Proportional Counter on the Einstein Observatory as part of 
Guest Observer Programs 246 and 547. The first observation, 
which was made on 21 January. 1980 (UT) with an integration 
time of 6,111 s, revealed a weak source coincident with the 
established position of 1413 +135. The net counts in the 0.19- 
3.63 keV region (ch. 3-13) were 48.3+ 13.9 (3.50). During 24 
January 1981, a second observation was made with an exposure 
time of 11,954 s. The net counts in the 0.19-3.63 keV region 
were 148+ 18.6 (8a). It is not possible to determine whether the 
difference in the counting rates between these two observations 
is significant (0.0079 + 0.0023 c.p.s. (counts per s) for 1/80 and 
0.0124 + 0.0016 c.p.s. for 1/81, a 1.6¢ difference). 

To convert the counting rate to fluxes, we used a column 
density for neutral hydrogen of 1.4 x 10°° cm”? (estimated from 
ref. 12) and a range of (unknown) X-ray spectral indices of 0.75, 
1.5 and 3.0. Average values for the integrated fluxes (0.19- 
3.63 keV) and monochromatic fluxes (2 keV) are 1.59x 
107" ergem™? s7* (1/80), 2.50 x 107" erg cm™* 57! (1/81) and 
1.47 107° keV cm? s™* keV™ (1/80), 2.31 x 107° keV cm™ 
s`} keV~' (20% systematic uncertainty in the conversion to 
fluxes). 

The peculiar IR~optical spectrum makes it difficult to 
compare the X-ray brightness of this object with that of other 
QSOs. While the ratio of X-ray to optical flux (a,, = 1.3) is 
typical of BL Lacs or QSOs (refs 13, 14 and W.H.—M. Ku, 
personal communication), the X-ray to IR flux ratio (æ = 1.6) is 
larger than the mean of radio bright QSOs"?. 

The flux density and linear polarization of 1413+135 were 
observed at 4.8, 8.0 and 14.5 GHz using the University of 
Michigan 26-m paraboloid (instrumentation and reduction 
described elsewhere'*'®). These flux density measurements 
were corrected for source polarization and are on a flux density 
scale in which 3C274 has assumed fluxes of 70.0, 48.6 and 
29.9 Jy at 4.8, 8.0 and 14.5 GHz respectively. 





Figure 2 clearly illustrates that the radio spectrum was 
inverted during the entire observing period. Between June and 
August 1980, the source increased its flux at 14.5 GHz by 
100%, giving us a time scale for flux variation (Fdr/ dF) of about 
3 months. As the source became brighter, the spectrum became 
more steeply inverted; a (F, <r") decreased from —0.2 to 
—0.9. A second outburst, which occurred from January to April 
1981, has properties similar to those of the first outburst: the flux 
changes occur simultaneously at all three frequencies but the | 
intensity of the outburst is greatest at the highest frequency 
(14.5 GHz). 

Both the lack of any detectable time delay between the peak 
at 14.5 and 8.0 GHz and the relative amplitude of the outburst 
at these frequencies are inconsistent with the simple expanding 
source model’’. The ratio of the amplitude of the outburst at 
14.5 GHz compared with that at 8.0GHz is considerably 
greater than most outbursts in other sources. The spectral slope 
(a = ~d log F/d log v) of the flux increase (first outburst) is 
a = —-2.5+0.3; the second outburst has a similar value of a. 
Because a homogeneous optically thick synchrotron source has 
a spectral index of —2.5, these outbursts may be caused by newly 
injected or newly shocked plasma that is optically thin at IR 
frequencies and becomes optically thick somewhere in the far TR 
to millimetre region. If the cooling time of synchrotron-emitting 
electrons equals the decay time of the outburst, B = 1 G, which 
is consistent with the analysis of the simultaneous spectrum. 

In contrast to the large IR polarization, we have not detected 
any linear polarization in the source at radio wavelengths. 
Averages of the 1980 data yielded degrees of polarization of 
0.5+0.3, 0.4+0.5 and 1.440.7% at 4.8, 8.0 and 14.5 GHz 
respectively. 


Discussion and interpretation 


The above observations strengthen the association of 1413+ 
135 with the BL Lac objects. In addition to the absence of 
emission lines (this work and ref. 7), the IR flux variations (Table: 
1) place 1413+135 among the most variable extragalactic 
sources known. On two occasions (late January 1980 and late 
May 1980), changes >20% were observed on time scales of 1 
day and, on three occasions, the intensity changed by a factor of 
two in a month or less (Table 1). Among well studied sources; 
none show a significantly higher level of IR activity, and only a 
few (for example, BL Lac, OI 090.4) display comparable väri- 
ability (see ref. 18 and refs therein). Similarly, 1413+ 135 is one 
of the most rapidly variable radio sources, exhibiting. a 100% 
flux increase at 14.5 GHz in a little less than 3 months. The high. 
level of IR polarization also supports the suggestion’ that the 
source is a BL Lac object. Only one-third of the BL Lac objects 
listed by Angel and Stockman’® have larger polarizations than 
that of 1413+135. Its low degree of radio polarization is not 
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Fig.2 The radio observations of 1413 + 135 show that this source 

is extremely active at 14.5 GHz (x) and less active at 8 GHz (©) 

and 4.8 GHz (A). The radio spectrum, which is always inverted, 

becomes most steeply inverted during outbursts (a = 0.9). The rate 

of flux increase during the June-August 1980 and February—April 
1981 outburst are nearly identical. 


716 








Table 2 IR spectrum of 1413 + 135 on 24 January 1980 





Wavelength - Fiux* 

(um) (mJy) 
1.25 0.76+0.11 
1.6 1.92+0.17 
eae. 5.48 
3.5 14.541.2 
46 39+10 

10.6 <63 Qa) 





* Flux values have been corrected for filter bandpass effects to the 
equivalent monochromatic flux at the indicated wavelength. 


unusual for BL Lac-type objects, although several BL Lac 
objects display high radio polarization. Another similarity of 
1413 + 135 with the BL Lac objects is that it probably lies in the 
centre of an elliptical galaxy (z=0.26). A study of the 
environment in which red QSOs, like 1413 + 135, exist is aided 
by the exceptionally steep nonthermal spectrum, which does not 
interfere with the identification of galactic spectral features. 
One of the most striking features of the composite nonthermal 
spectrum (Fig. 1) is that the X-ray data cannot be explained as an 
extrapolation of the IR data to higher frequencies; any smoothly 
extrapolated curve falls orders of magnitude below the observed 
X-ray flux. The radio—optical continuum is usually interpreted 
as. synchrotron radiation produced by relativistic electrons. High 
polarization at 2 um is consistent with this interpretation. We 
suggest that the X-ray emission, which is clearly not an extension 
of the radio optical emission, is inverse Compton radiation. 
The abrupt steepening in the spectrum near 5 um from a = 
0.8 (ref. 4) to a =3 cannot be achieved by any evolutionary 
model'’. The sharpest spectral cutoff occurs for an electron 
distribution which ends abruptly at some energy, such as 


Ne = Noy " y< ¥2 
N.= 0 y> ¥2 


The general solution for the spectrum emitted by this electron 
distribution”? has been solved here for several values of n 
(equation (1)). These solutions describe a simple power law of 
slope a for frequencies below a critical frequency v, (a = 
(n—1)/2 in this region), while the spectrum steepens very 
sharply above v2, eventually becoming exponential for v >r, 
(v°* exp(—v/v)). An important feature of these solutions is that 
their shape is insensitive to the value of n (or a) at high 
frequencies (v > v2). As demonstrated in Fig. 1, the solutions fit 
the IR data extremely well. The range of critical frequencies v2, 
which are determined for each fit (Table 3) corresponds to the 
wavelength range 2.6-3.8 um (a = 0,3-1.5). 

The sharpness of the spectral cutoff forces us to make two 
strong qualitative conclusions. First, the electron distribution in 
the emitting region terminates abruptly at some energy. Second, 
the magnetic field is fairly uniform in the IR emitting region. 
More precisely, magnetic fields above some critical field strength 
either do not exist, or they occupy an insignificant volume in the 
emitting region in which the IR photons are produced. 
Furthermore, if the relativistic electrons retain their velocity 
distribution between the emitting region and the region in which 
they were created, then the electron acceleration process is not 
diffusive in energy. 

The size of the emitting region, its magnetic field, as well as the 
energy cutoff corresponding to v- can be determined within the 


(1) 
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framework of a theoretical model. We have chosen the homo- 
geneous synchrotron-self-Compton model of Jones et al? 
with the added feature that the emitting region may have a bulk 
velocity towards the observer in the quasar rest frame (that is, a 
special case of relativistic motion is allowed). Equations (33) and 
(37) of Jones et al.” were solved, with various correction factors 
set to unity (that is (¢,.G,,)°°f"*"' = 1). To apply this model, one 
must know the frequency and flux at which the IR emitting 
region becomes optically thick (4 and F,) as well as the shape of 
the electron distribution (n or a). Only two of these quantities 
are independent. 

Our simultaneous observations are consistent only with the 
models for which 1.52a 20.3. If non-simultaneous obser- 
vations’ can be used to estimate a and the turnover frequency, 
a =0.9, and v, = 1.6 10" Hz (this defines a preferred model, 
no. 3). To obtain model parameters, we fit the calculated 
spectrum to the IR spectrum, and for each value of a, we find a 
value for F, consistent with our spectrum or that of Beichman ef 
al.*. The model equations are solved assuming that the X rays 
arise from the inverse Compton process, and with the condition 
that the size determined from temporal flux variation equals the 
size determined with the synchrotron-self-Compton model. 

The temporal flux variations of 24-26 January 1980 at 2.2 um 
place an upper limit on the size of the emitting region (for an 
optically thin emitting region, B = 2): 


s < BclF, dt/dF,\/(1+z')=8x107/(1+z")pe 2) 


where z' includes both cosmological expansion plus the motion 
of the emitting region with respect to the quasar rest frame. The 
model solutions are presented in Table 3, where B sin 8 is the 
magnetic field (@) is the mean angle the magnetic field makes 
with our line-of-sight), d is the radius of the emitting region, 6 is 





5,500 


5,000 
Wavelength (A) 


Fig. 3 The clear break at 5,000 A in the galaxy around 1413+ 

135 is interpreted as the H and K break redshifted by z = 0.26. 

The H8 and CH absorption features, denoted here by H and 

CH, appear weakly in this spectrum. The spectral resolution is 

~10 A, and the observations were made through a 2.5 arcs 
round aperture. 


Tabie 3 Theoretical model results 


v2 an F, 

Model no. a (Hz) (Hz) (Jy) 
l 0.4 7.8+13 2.2+10 2.0 

+i 0.6 7.9+13 6.6410 4.0 

3 0.9 R.S +13 1.6+11 7.0 

4 0.9 8.5+13 1.4+12 1.0 

5 Lo 11.5+13 1.8+12 5.0 


a B sin o r 
(ms) (G) (pc) Y2 r 
1.1~-1 8.2+0 §.0-2 6.1+2 4.0 
6.7-2 3.2 +1 3.9—-2 34+2 3.2 
4.3-—2 6.1+1 3.1-2 2.94+2 2.6 
46-3 6.443 10-2 §.04+1 1.03 
6.9-3 2.3+3 13-2 $.8+1 1.24 
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the angular size of the optically thin region one would observe, 
yz is the cutoff energy of the electron spectrum, and [ is the 
Lorentz factor which describes the motion of the emitting region 
with respect to the quasar rest frame. Because temporal flux 
variations may yield only a lower limit to the source size, we 
formally determine upper limits to B sin ĝo, @ and r, and lower 
limits for y, and F. However, in the following discussion, we 
assume that the size determined from IR flux variations is a good 
measure of the size of the emitting region (that is equation (2) is 
an equality). 

Several of these models may be ruled out because the results 
violate fundamental physical considerations, The electrons must 
be energetic enough to scatter synchrotron photons to X-ray 
energies; this places the limit y> 10°. Therefore, all models 
with a > 1.3 or m > 10° must be eliminated from consideration. 
The difference in the values of B, r, y. and [ between the 
preferred model (no. 3) and the models allowed by our data (nos 
1, 2) is not large. Note that this is the first time that yz (~300) has 
been calculated. 

The derived values for the magnetic field (60 G} and the 
source size (~0.03 pc) differ significantly from the canonical 
values derived for other sources (typically several microgauss 
and 0.1-—100 pe (ref. 22). An independent argument in support 
of this field strength is that if the IR flux variation is attributable 
to electrons losing their energy in the time defined by temporal 
flux variation, then B sin @) > 0.2 G. 

The finding that the emitting region is moving away from the 
quasar towards us at relativistic velocities is consistent with 
either a beam model or an expanding shell model for the 
emitting region. The value of I we derive (=3) is similar to what 
other investigators estimate for BL Lac objects”. 

Beichman et al.*, who used a model which does not allow for 
relativistic motion and does not use the X-ray flux as a measure 
of the inverse Compton radiation, obtain results similar to our 
own. 
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Conclusions 


We have studied the radio, IR, optical and X-ray spectrum of the 
extremely red QSO 1413 + 135 and find: (1) It is embedded in a 
luminous galaxy at a redshift of z = 0.26+0.01. (2) It ts very 
closely related to BL Lac-type sources, as shown by its pattern of 
variability in the radio and IR, by its strong IR polarization and 
by its lack of emission lines. (3) The radio spectrum, which is 
always inverted, 1s subject to large outbursts that occur over a 
period of a few months. While these outbursts occur simul- 
taneously at 8 and 14.5 GHz, the greatest amplitude occurs at 
14.5 GHz. The observations exclude the simple expanding 
source model. (4) Its nonthermal spectrum steepens abruptly 
near 54m, requiring that the electron energy distribution 
terminate sharply at some maximum energy (Lorentz factor 
10°-10°) and that the magnetic field is uniform within the IR 
emitting region. (5) The X-ray data lie far above an extrapola- 
tion of the IR spectrum to high frequencies. We suggest that the 
X-ray emission is produced by the inverse Compton process. (6) 
The magnetic field in the source is probably >1 G, and the 
emitting region (~0.03 pc) must be moving towards us with a 
Lorentz factor between 1.5 and 4. 
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Expression of a human gene 
for interferon in yeast 
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A DNA sequence coding for mature human leukocyte interferon D (LeIF-D) was linked with DNA fragments of the 
5'-flanking sequences of the Saccharomyces cerevisiae (yeast) alcohol dehydrogenase I gene in a plasmid capable of 
autonomous replication and selection in both yeast and Escherichia coli. Yeast cells transformed by these plasmids 


synthesize up to 1X 10° molecules of biologically active LeIF-D per cell. 





IN addition to its usefulness as a model for studying eukaryotic 
cellular processes, the yeast Saccharomyces cerevisiae is a suit- 
able host cell in gene expression experiments. The yeast trans- 
formation procedure’? allows both the reintroduction of cloned 
and in vitro mutated yeast DNA sequences (to map functional 
sites) and the direct cloning of yeast genes by functional 





complementation of defective mutants’ (for review see ref, 4). 

Similarly, a particular genomic sequence from another 
eukaryotic organism might be isolated by complementation of 
defined yeast mutants affecting genes commen to both 
organisms. While this approach has been successful for a 
Drosophila gene corresponding to the yeast ADER locus, 
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H AATCAACTATCTCATATACA ATG TCT ATC CCA GAA ACC CTC GAG GTG ACT GAA TTC---- 


ADH | sequence 
Bom HI i 


Fig. 1 a, DNA sequence 
of the ADH1-CYC1 gene 
fusion in pACF301. The 
promoter and first 10 bp of 
the ADH 1 structural gene 
and the structural gene of 
cycl Ax + 1 are joined using 
an Xhol linker. b, Construc- 
tion of yeast ADH 1 pro- 
moter fragments. Ten yg of 
Xhol-cut pACF301 were 
incubated with 0.2U of 





Bal31 nuclease (BRL) for 

15-30s at 30°C in 20mM Xho I 
Tris pH 8.1, 12 mM CaCl,, | aka 
12 mM MgCl,, 0.2 M NaCl, 

1mM EDTA and 0.1 pg 

mI”! bovine serum albumin | "OnE aa : 
(BSA). During this time 

~30-70 bp of the DNA EcoRI linkers 
were removed. A l-yg | T4 DNA 
aliquot of this DNA was ligase 
incubated with DNA poly- 

merase I (Klenow frag- 

ment) and deoxynucleoside | a is 
triphosphates to fill in the 


ends, and then incubated 
with T4 DNA ligase and 
synthetic EcoRI linkers 
(Collaborative Research) 
for 12 hat 14°C. The DNA 
was then cleaved with 
EcoRI and BamHI restric- 
tion nucleases and the mix- 
ture of fragments contain- 
ing variously deleted 
ADH 1 promoter sequen- 
ces isolated by preparative 
electrophoresis on 1% 
agarose gel. The mixture of 
electroeluted fragment was 
ligated with the large 
EcoRI-BamHI fragment of 
pBR322, and individual 
clones selected by transfor- 
mation of E. coli strain 
RRI, selecting for Ap" 
colonies. DNA from 
individual colonies was pre- 
pared by a quick-screening 
procedure*®. The length of 
each deletion was estimated 
by cleaving each plasmid 





Eco RI, Bam HI 


Series of ADH promotor deletion fragments 


missing initiator ATG 
with EcoRI endonuclease, 
fs ‘labelling. with (904, 905, 906, 915, 919 and 921) 


Klenow polymerase plus [a-*?P]dATP, then cleaving the DNA with 
endonuclease Alul and sizing the resulting small fragments (containing the 
deleted part of the ADH | leader region) on a urea—acrylamide gel. 


Drosophila genes complementing mutants at other yeast loci 
have not been obtained‘, suggesting that one or more of the 
signals for gene expression may frequently differ between yeast 
and higher eukaryotes. Further evidence for such differences in 
functional sites came from studies on the in vivo transcription of 
a rabbit globin gene introduced into S. cerevisiae on a yeast 
plasmid vector“. Transcription appeared to start at a location 
downstream from the normal initiation point and to terminate 
prematurely within the second intron of the 6-globin gene. 
Removal of the first intervening sequence by RNA processing 
did not occur in this aberrant transcript. 

To maximize the chances for functional expression of higher 
eukaryotic DNA in yeast, we have replaced the 5'-promoter-— 
leader region of the human leukocyte interferon D (LeIF-D) 
gene’ with that from the yeast ADH 1 gene. We have inserted 
these fused transcription units into a replicating plasmid vector 
and tested their ability to function in yeast. Full-length, biolo- 
gically active interferon molecules were produced, indicating 


*— Xho I hiny oe cp |, dst] sequence e 


sequence 
-—— Bai 3! 


that the promoter region of the yeast ADH 1 gene was able to 
confer its transcription starting specificity to the LeIF-D coding- 
region DNA. 


The yeast ADH1 promoter 


The DNA sequence has been determined for the yeast ADH 1 
gene, including the 750 base pairs (bp) which flank the 5’ end of 
the protein-coding region. The 5’ termini of ADH1 mRNA 
molecules made in yeast map at two positions, 27 and 37 bp 
upstream from the translation start”. The DNA sequences which 
specify the position of the 5' ends (presumably the transcript 
starts) of these mRNA molecules are not contained within the 
ADH 1 coding region but instead lie within the upstream DNA 
(G.A. and B.H., unpublished results). Fused genes containing 
the 5'-flanking and N-terminal coding sequences of the ADH 1 
gene and coding portions of CYC1 gene’ retain the in vivo 
transcription starting specificity of ADH1. The plasmid 
ACF301 (Fig. 1a,b) which contains ADH 1 gene sequences 
extending from —1,550 through the ATG initiation codon to a 
point 17 bp into the coding region is an example of such a fusion. 
This ADH 1 fragment was joined, via a synthetic XhoI DNA 
linker, toa CYC 1 structural gene (cyc! Ax + 1) in which the A of 
initiator ATG had been deleted. When pACF301 was intro- 
duced into yeast cells, the in vivo transcripts of the cycl Ax +1 
gene had 5’ termini at the same positions in the ADH 1 flanking 
sequence (—27 and —37) as the 5’ ends of normal MRNA from 
the chromosomal ADH 1 gene. These 5' transcript ends contrast 
with those transcribed from the CYC 1 gene attached to its 
original CYC 1 5’-flanking region; they are distributed amongst 
seven start sites which are further removed from the CYC 1 
coding region'”. 

The above evidence that transcript starting specificity may be 
transferred from one yeast gene to another prompted the use of 
the ADH 1 promoter for heterologous expression—to promote 
mRNA synthesis from a human gene in a yeast cell. To facilitate 
attachment of the LeIF-D coding sequence, the ADH1 
promoter sequence derived from pACF301 was treated with 
exonuclease Bal31 to delete the small amount of ADH 1 coding 
sequence it contains (Fig. 14). After attaching EcoRI linkers, the 
resulting set of EcoRl-ended ADH1 promoter fragments 
(Fig. 2) have their right-hand (3') end points at six different 
positions within the region specifying the ADH 1 untranslated 
leader. By fusing each one of these with the LeIF-D coding 
region and transforming yeast cells with the resulting recom- 
binant plasmid, it was possible to test the effect of varying leader 
lengths and varying cap sequence and AUG sequence contexts 
on functional expression of the interferon gene in yeast. 


The LeIF-D gene 


The human LelIF gene family consists of at least 12 distinct 
intronless genes”’'''*, Each gene codes for a hydrophobic 23- 
amino acid signal precursor peptide followed by a mature 
polypeptide of 165 or 166 amino acids. Several features of the 
LeIF-D gene sequence’ make it suitable for testing human gene 
expression in yeast. (1) Because the gene does not normally 
contain introns, its mRNA sequence and physical conformation 
allow it to be transported from nucleus to cytoplasm without any 
need for RNA splicing. (2) The DNA sequence of the LeIF-D 
coding sequence indicates a biased usage of the codons in the 
genetic dictionary which resembles that of genes for abundant 
yeast proteins’. In particular, the arginine codons in LeIF-D are 
all AGA or AGG (AGA is the preferred arginine codon in 
yeast). (3) Interferon synthesis in yeast can easily be measured 
using sensitive in vitro antiviral assays. 

The LeIF-D cDNA clone used for these experiments was 
isolated from a cDNA library prepared from a myeloblastoid 
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Table 1 Interferon activity in yeast extracts 


raa AEEA rE A AAEREN aaa aee aaaeeeaa eannan anaana Ae ret pam iaria ialt Aapa inamaana manni ni A t Y 


ADH Units per Units per 
Orienta- promoter mi of 1 of cells 
tion fragment Plasmid extract (x105) 
I 904 pFRS3 47,000 1.4 
I 905 pFRS7 47,000 1.4 
I 906 pFRS12 125,000 3.8 
I 906 pFRS36 187,500 5.6 
l 915 pFRS23 125,000 Za 
I 921 pFRS35 250,000 TS 
I 919 pFRS34 93,750 2.8 
I 904 pFRS2 <1,900 
Il 905 pFRS6 <1,900 
u 906 pFRS17 <1,900 
I 906 pFRS1i1 <1,900 
8 915 pFRS22 <1,900 
I 921 pFRS26 <1,900 
Il 919 pFRS33 <1,900 


Units per 


cell Molecules 
Units per Cells per Per cent containing per cell 
1 of cells 1 of culturet of cells plasmid containing 
Az=1x107%  (x10°™) — with plasmid? (x 10%) plasmid§ 
1.2 2.1 19 3.5 53,900 
0.54 3.4 30 1.4 21,006 
1.8 2.7 19 7.4 110,000 
23 3.0 16 12 180,000 
0.81 3.6 “al 2.8 42 000 
2.8 4.5 18 9.2 140,000 
1.4 oe 17 7.6 110,000 
22 
a3 
36 
i3 
46 
25 
31 


j r aaa aa 

* Yeast cells were grown in 5 ml of YNB+CAA [0.67% yeast nitrogen base, 0.5% casamino acids and 2% glucose (Trp* selection] at 30°C to an absorbance LA) of 
1.2-2.8 at 660 nm and spheroplasted with zymolyase*. The final pellet was resuspended in 0.15 ml of 7 M guanidine HCI and 1 mM phenyimethylsulphonyl fluoride. The 
extracts were assayed using 1: 100 or 1: 1,000 dilutions in 150 mM NaCl, 20 mM sodium phosphate (pH = 7.9), 0.5% bovine serum albumin using a vesicular atomatitis 


virus challenge of MDBK (bovine kidney) tissue culture cells‘. 


t Units per l of cells at Aseo = 1X 10° is a normalization because different cultures were collected between 1.2 and 2.8 Aseo. 

+ The number of yeast cells per culture was determined by dilution and plating on YNB + CAA + tryptophan (50 ug mi” 1) plates. To find the percentage of celis having 
plasmid (Trp* complementation), cultures were also plated on YNB+CAA (without tryptophan). 

§ Molecules per cell containing plasmid was calculated assuming that purified leukocyte interferon D has a specific activity of 2 x 10° U mg” and a molecular weight of 


20,000 


cell line’. The DNA sequence of the cloned LeIF-D cDNA is 
nearly identical with that of the IFN-al gene described by 
Nagata et al. and has been directly expressed in Escherichia 
coli to yield about 20,000 molecules of biologically active, 
mature LeIF-D per cell (P. Gray and D.G., unpublished results). 
The construction of the LeIF-D coding region used in these 
experiments closely paralleled that used for production of LeIF- 
A in E. coli”. Briefly, the DNA encoding the 23-amino acid 
signal peptide was replaced by an ATG translational initiation 
codon preceded by an EcoRI sticky end. There is also a naturally 
occurring EcoRI site present 60 nucleotides 3’ of the termina- 
tion codon for LeIF-D. Therefore, the resulting 560-bp EcoRI 
fragment of LeIF-D can easily be inserted into expression 
vectors in which the RNA polymerase IJ promoter and 
termination elements flank an EcoRI site. 


Construction of fused ADH1-—LeIF-D 
transcription units 


Plasmid YRp7 (refs 14, 17, 28) combines the desirable features 
of an E. coli replication origin, a gene (Ap*) allowing selection 
of E. coli transformants, a yeast replication origin (ars1)'* anda 
yeast genetic marker (TRP1), permitting selection of yeast 
colonies containing cells transformed by this plasmid. The 
unfortunate presence of two EcoRI sites in YRp7 was eli- 
minated by removing the EcoRI site between arsi and Ap? 
gene. Figure 3 shows the details of this construction and the 
resulting vector, pFRL4. 

The BamHI-EcoRI fragment (~1.5 kbp) containing each of 
the six different yeast ADH 1 promoter fragments was ligated to 


eee y ~ “© w w y 
toc GACCTGCAATTATTAATCTTTIGTITECTCGTCATIGTICTEGTTCCCTTTCTICCTIGT 
+ = Ti aR RO E N foe 
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Fig. 2 ADH 1 promoter fragments used in expression experiments. The 
BamHI-EcoRI promoter fragments, isolated as described in Fig. 1b, are 
shown as part of the ADH1 DNA sequence given from -120 to the 
initiation codon. The various promoter fragments are designated 904, 905, 
906, 915, 921 and 919. The lines above the numbers show where the ADH 1 
sequence ends and the EcoRI linker begins. The DNA sequence at the right 
end of the fragments was initially estimated as described in Fig, 1 legend. 
Later the exact sequence was determined using the pFRPn plasmid series in 
Fig. 3. The plasmids were cut with EcoRI, **P-labelled with [y P]ATP 
using T4 polynucleotide kinase (NEN), cut with AccI (-190), the Accl~ 
EcoRI fragment isolated by electroelution and sequenced through the linker 
using the Maxam and Gilbert procedure*’. * Transcription starts. 


BamHI-EcoRI-cut pFRL4 DNA to give a series of expression 
plasmids (pFRPn). Each of the plasmids was cleaved at its single 
EcoRI site, the 560-bp LeIF-D EcoRI fragment was inserted 
and the resulting plasmids used to transform E. coli (Fig. 3). 
In the resulting recombinant plasmid clones, the various 
elements are joined together in the order BamHl-ADH 
promoter (5' > 3')-LeIF-D-TRP1 (5' > 3')-ars 1-Ap". Because 
the ADH 1 promoter and TRP1 gene are aligned in the correct 
orientation, ADH1-promoted transcripts which read 
throughout the LeIF-D sequence can continue through the 
TRP1 gene and be terminated at its 3’ end. Hybridization 
studies of the in vivo transcripts produced from these fusions 
(see below) suggest that sequences for polyadenylation and/or 
transcription termination occur distally to the TRP1 coding 
region. 

Among the clones resulting from this ligation of LeIF-D to the 
yeast expression vectors, both orientations of the interferon 
sequence were obtained for all six promoter fragments. In one 
case, two LeIF-D coding sequences were inserted in tandem, in 
parallel orientation to ADH 1 and TRP1. E. coli transformants 
carrying each of the ADH1-LelF-D fusion plasmids were 
grown in sufficient quantity to prepare cell extracts and to test 
for interferon production, using the cytopathic effect inhibition 
assay’ which measures interferon levels by inhibition of viral 
lysis of tissue culture cells. No interferon was detected in any of 
the E. coli extracts, suggesting that the yeast ADH 1 flanking 
sequence is unable to provide either an effective promoter for 
E. coli RNA polymerase, a binding site for E. coli ribosomes, or 
both. | 


Transformation of yeast and 
interferon expression | “aa 
Recombinant plasmids, in which the LeIF-D gene was pla: 

either in parallel or antiparallel orientation between each 
ADH promoter fragments for the TRP1 gene, were introdu 
into yeast, using standard transformation procedures ^. 
Spheroplasts of the yeast recipient strain RH218 (t#p1)’° were 
separately incubated with the DNA of each plasmid and the 
mixture then placed in agar without tryptophan to select trans- 
formant colonies. Cultures of each transformant were grown 
using selective pressure in liquid medium without tryptophan, 
collected in mid-log phase and used to prepare cell extracts by 
spheroplasting and guanidine hydrochloride lysis. A: 
level of interferon was observed in all trar 


mids having the LeIF-D gene in the correc 
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Fig. 3 Construction of expression plasmids for LeIF-D. pFRL4 was constructed from YRp7 (refs 14, 17, 28) by removing both EcoRI sites (Klenow DNA 
polymerase I fill-in of sticky ends followed by blunt-end ligation) and replacement of one EcoRI site using the small HindIII fragment of YRp7 to replace the small 
HindIII fragment of the plasmid lacking both EcoRI sites. Twenty wg of pFRL4 were digested with BamHI and EcoRI, then electrophoresed on a 1% agarose gel. 
The large (~5 kb) fragment was cut from the gel, electroeluted, extracted twice with phenol and chloroform before ethanol precipitation. Three ug of this fragment 
were then separately ligated with 1 ug of each of the promoter-containing fragments for 12 h at 15 °C in 50 yl of 20 mM Tris-HCl pH 7.5, 10 mM MgCl, 10 mM 
dithiothreitol, 0.5 mM ATP, containing 0.5 U of T4 DNA ligase. E. coli K-12 strain 294 was transformed with the ligation mix to ampicillin resistance and plasmids 
from each of these different transformation mixtures were purified (pFRPn series). Fifty ug of pLeIF-D trp! (P. Gray, D.G., unpublished results) were digested with 
EcoRI, then electrophoresed on a 1.2% agarose gel. The 560-bp leukocyte interferon D gene fragment was cut from the gel, electroeluted and extracted twice with 
phenol-chloroform before ethanol precipitation. The interferon gene was then ligated into the unique EcoRI site in the pFRPn plasmids which had been previously 
cut with EcoRI and treated with bacterial alkaline phosphatase. The plasmids were then analysed by BgilIl restriction analysis and used for yeast transformations. 
Both orientations of the interferon gene containing fragment were obtained in the EcoRI site of the pFRPn plasmids. Orientation I plasmids, with the interferon gene 
in line with the ADH1 promoter fragments, gave a 1.2-kbp fragment after BglII cutting; orientation II gave a 1.0-kbp fragment. Arrows show direction of 
transcription. 


Table 1); the values ranged from 47,000 to 250,000 units of 
ictivity per ml of extract or from 0.5 to 2.8 x 10° units per litre of 
ulture at Asso Of 1. On the other hand, yeast transformants 
rearing fusion plasmids with the reverse orientation of the 
.eIF-D sequence had the same background level as yeast strains 
arrying no plasmid. 

To assess the significance of the bulk levels of interferon 
»bserved in yeast extracts, it is necessary to measure and correct 
or the extent of loss of the recombinant plasmid during growth. 
Jur relevant data (Table 1) agree with previous studies of YRp7 
nstability'* which show that even when TRP1 is selected for, a 
igh proportion of cells have lost the plasmid. If all the inter- 
eron measured in these yeast cell extracts comes from the 
.6-30% of the cells retaining the Trp“ character, then the actual 
yumber of interferon molecules produced may be as high as 
180,000 per yeast cell. 

Detailed and repetitive measurements of the interferon level 
nade for the two expression plasmids pFRS35 and pFRS36 


show, in different conditions of cell growth and extract pre- 
paration, interferon levels five- to sixfold higher than those in 
Table 1 (or ~10° molecules per plasmid-containing cell). These 
high values are obtained with growth of moderate-sized cultures 
in shake flasks, guanidine hydrochloride being removed from 
the extract by gradual dialysis, and allow estimation of the level 
of interferon production at ~0.4% of total cell protein. Again 
correcting for plasmid instability, individual yeast cells may 
produce as much as 1-2% of their protein as LeIF-D. In 
addition, preliminary experiments with stable yeast trans- 
formants containing ADH 1-LeIF-D fusions in a yeast 2u 
plasmid vector have produced interferon levels of this magni- 
tude in the entire culture of yeast cells. 

Furthermore, as the leader peptide sequence, thought to be 
associated with the secretion process in specialized human cells, 
is not present as part of this LeIF-D structural gene, one would 
not expect secretion into the media during growth of the yeast. 
Indeed, no LeIF-D activity was found in the media from these 
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yeasts. Also only about 1% of the interferon was present in the 
supernatant after spheroplasting, suggesting that the interferon 
is not associated with the cell wall; it thus appears to be 
associated with the cytosol. 


The nature of interferon produced in yeast 


In all the ADH 1 leader—promoter deletions we have made, the 
ATG initiator triplet was removed. Provided the 5’ ends of 
mRNAs transcribed in yeast from the ADH 1-LeIF-D fusions 
occur at the ADH 1 mRNA 5’ ends, the first AUG in each fusion 
mRNA will correspond to the synthetically added ATG. There- 
fore we would expect to find LeIF-D synthesized in yeast to be 
the same size as that produced in E. coli. Thus, after SDS- 
polyacrylamide gel electrophoresis (PAGE) of extracts of LeIF- 
D-producing E. coli and yeast, two lanes containing yeast 
extract compared with E. coli extract were simultaneously 
sliced, eluted and assayed to compare sizes of the peptides. 
Figure 4A shows both to have a molecular weight of ~20,000, 
the size expected for LeIF-D. The LeIF-D synthesized in yeast 
(using ADH1 promoter fragment 906) has been purified to 
homogeneity using the antibody affinity column chromato- 
graphy procedure developed by Staehlin et al.'*. As shown in 
Fig. 4B, SDS-polyacrylamide gel electrophoresis of a mixture of 
purified E. coli and yeast LeIF-D produces a single band 
corresponding to a molecular weight of 20,000. Tryptic maps of 
purified yeast and bacterial LeIF-D are indistinguishable (R. 
Wetzel, unpublished results). 


Transcription starting and stopping signals 


The observation that all six deleted ADH 1 promoters allow 
appreciable expression of the LeIF-D gene, although their end 
points vary over a 28-bp region (Fig. 2), indicates the non- 
essentiality of any particular part of the leader region for 
synthesis of a translatable mRNA. This finding supports the 
general model'*”° for translation initiation rather than the 
alternative suggestion that a specific sequence may be required 
for ribosome binding. 

Preliminary data obtained in hybridization experiments 

between an LeIF-D radiolabelled probe and size-separated in 
vive transcripts from ADH 1-LelIF-D fusions suggest that the 
mRNA for pFRS36 is about 1,500 nucleotides long and that for 
pFRS35 ~2,100 nucleotides (F.H. and M. Shepard, unpub- 
‘lished results). As the former contains one LeIF-D between the 
ADH | promoter (deletion 906) and TRP1, while the latter 
‘contains two consecutive LeIF-D coding sequences, these data 
strongly implicate a site near the 3’ end of the TRP1 gene as the 
polyadenylation and/or transcription termination signal for 
ADH 1-promoted interferon RNA molecules. Further varia- 
tions in plasmid construction in this system, using 3'-flanking 
sequences from various yeast genes, should permit direct 
assessment of the role of termination and polyadenylation in the 
efficiency of in vivo gene expression. 


Requirements for heterologous gene 
expression in yeast 


In addition to the need for a promoter sequence from yeast for 
correct transcription initiation and for the absence of interven- 


ing sequences of types not processed in yeast®, comparison of the — 


results described here with those from an earlier study (G.A. and 
A. Barta, unpublished results) in which the complete cDNA 
sequence coding for rat growth hormone (RGH) prepolypep- 
tide?’ was fused to a deleted (-30) ADH 1 promoter fragment 
suggest other requirements for efficient expression of heterolo- 
gous genes in yeast. In yeast cells transformed with the ADH 1- 
RGH fused gene, rat growth hormone mRNA was efficiently 
and accurately transcribed, starting from the —37 start point, 
continuing through the RGH coding sequence and terminating 
discretely in the 24 sequences of the vector. Paradoxically, 
immunological methods detected no synthesis of rat growth 
hormone polypeptide. Possible significant differences between 
the productive ADH1-LelIF-D fusions and the post-tran- 
scriptionally blocked ADH1~RGH fusion are the following. 
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Fig.4 A, comparison of migration of LeIF-D mMoactivity from appropriate a 
yeast and E. coli extracts on an SDS polyacrylamide gel. Yeast extracts: we E 
prepared as described in Table 1 legend, Bacterial extracts were prep 
from E. coli 294 (ref. 29) containing the plasmid pLelF-D tpl! 
procedure described in ref. 13. Both extracts were dialysed against 20m 
sodium phosphate, pH7.0, 0.14M Mat, heat treated with §D 
dithiothreitol, and run on a 12.5% SD%5-polyacrylamide: slab gel 
standard metho BioRad HAREA elert phipresi 
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(1) Signal peptide sequence: Rat growth hormone may 
indeed have been translated in yeast and been extruded into the 
rough endoplastic reticulum’’, but it might then have been 
degraded because of an inability to proceed normally through 
the yeast secretory pathway. The LeIF-D plasmids used in the 
present study contain no signal peptide coding sequences, so any 
interferon made in yeast should have remained in the cystosol. 

(2) The sequence context preceding the initiator ATG: For 
highly expressed yeast genes, nucleotides —1 to —10 in the 
untranslated leader region of mRNA are typically rich in A with 
afew Cs and Ts, but no Gs. An A residue is found at position —3 
or —4 in all yeast mRNAs to far analysed. The construction used 
in the expression of interferon from the ADH1 promoter 
followed this rule (leader sequence: AATTCATG); that for rat 
growth hormone gave a leader sequence (GTGCGATG) very 
unlike those of yeast mRNAs. This unusual leader sequence 
may not have supported efficient translation initiation by yeast 
ribosomes. 

(3) Codon usage differences: In addition to major differences 
in arginine codons, which are mainly AGA in LeIF-D and CGPy 
in RGH, the rat growth hormone leader region is very rich in 
CUC and CUG leucine codons. These are very rarely used in 
yeast proteins®”” 


Conclusions and prospects 


A mammalian protein, human leukocyte interferon, can be 
made efficiently in yeast by the fusion of its coding sequence toa 
yeast promoter and transcription terminator within a yeast 
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Supermassive binaries 
in active galactic nuclei 
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Recent observational evidence’ indicating the apparent pre- 
cession of jets in compact and extended radio sources suggests 
the presence of a second massive body in the nuclei of the 
associated active galaxies’ (we include quasars as active nuclei). 
On the basis of their similarities with close binaries in the 
Galaxy, two of which (SS433 and Her X-1) are known to contain 
precessing beams and disks, we consider here the possibility that 
the secondary object is a Roche overflowing supermassive star 
(SMS) of mass M,~10°-10°M,. in orbit around a primary 
massive black hole (MBH) of mass M,~10’-10°M o. 

Jet precession and evolutionary considerations led Begelman, 
Blandford and Rees’ to propose a binary model containing two 
MBHs in which the observed jet motion is identified with the 
geodetic precession of the more massive component (Mi~ 
10°M.). Although this model can account for the inversion- 


symmetric morphology’ and apparent precession seen in 
extended radio jets (such as 3C315, NGC326, 3C196 and 
3C305), which indicate precession periods P, ~ 10°~10° yr (refs 
3, 4, 7), it does not easily explain the ~10°-yr precession periods 
suggested for the fast-moving compact VLBI features seen in 
3C273 and 3C345 (refs 1, 2, 7). The basic problem is that 
precession periods <10° yr require orbital separation distances 
that are short lived due to gravitational radiation, unless 
implausibly low masses are assumed’. 

Two similar scaled-down relativistic precession models*” 
were Originally proposed for S8433, but the subsequent dis- 
covery’? of a 13-day orbital period (rather than an expected 
period of 4-8 min) suggests’’ that these relativistic models are 
probably not applicable to $S433. There are, however, other 
binary models for S8433 which are simultaneously compatible 
with a 13-day orbital period and a 164-day beam precession 
period; two, the slaved disk (SD)‘*"** and the disk-driven (DD) 
precession’* models, will be considered below in the context of a 
SMS/MBH binary model for active nuclei. 

Drawing our analogy from $8433 and Her X-1, we assume 
that active galactic nuclei which exhibit jet precession are 
powered by accretion onto a MBH when a companion SMS fills 
its critical Roche surface. Most of the compact core continuum 
radiation (optical and flat spectrum radio) is assumed to ori- 
ginate in the accretion disk around M, and only a negligible 
contribution originates with the SMS (compare with $$433 and 
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cataclysmic variables). Well known luminosity and lifetime ar- 
guments suggest that M, ~ 10’-10°M., and M~ 10°-10°Mo. 
We thus adopt as representative masses M, ~10°Mc and 
M.~10’Mze, values also used by Begelman et al. We do not 
speculate here on the evolutionary details for such a binary 
system, except to note that some aspects of the Begelman et al. 
evolution involving galactic mergers might be relevant and that 
misalignment between extended jets and the minor axis of 
elliptical galaxies is sometimes observed. The SMS must form 
relatively near the critical separation radius where Roche 
overflow is possible (in which case mass transfer might be 
initiated by pulsational or rotational instabilities), or have a 
lifetime sufficiently long that it remains in a quasi-equilibrium 
while viscous drag or mass loss reduces the orbital separation. 
After Roche overflow has begun, further mass transfer could be 
driven by continued orbit decay due to viscous drag or angular 
momentum loss from the system'®'’. Investigations of the 
stability of SMSs indicate that stars of mass~10°- 10°M.~ may be 
stabilized against hydrodynamic collapse for ~10°-10’ yr by the 
presence of a modest amount of differential rotation'**’, and by 
possible contributions from macroscopic turbulence and inter- 
nal magnetic fields (spinars)”°*’. The relatively short lifetime of 
SMSs may require that their formation be triggered by a merger 
event. 

If the SMS fills its critical Roche surface, then its mean radius 
is given by??? 


R, 0.462 
r a +g)? 





q23 (1) 


where r is the semimajor axis (assumed to be approximately 
circular) and q = M/M; is the mass ratio. For q~ 10, R2/r~ 
0.21. Thus, in sources with compact cores there is a small but 
potentially significant probability of eclipsing. Assuming 
random orientations and disk radii <R,, the probability of 
eclipsing in a given source is ~0.07 for R,/r-~0.21. Note that 
this probability is fairly insensitive to q. An estimate of the 
expected orbital period and possible selection effects are dis- 
cussed below. 

Although the evidence for massive binaries is more direct in 
the precessing jet sources, in the context of binary models many 
and perhaps all active nuclei probably contain SMS/MBH 
binaries. Precessing jets would then be seen only in those 
sources in which there is misalignment between the orbit normal 
and the spin axis of M, or Ma. As the beam precession angle @ is 
not expected to be too large (for example, $$433, @ =~ 20° and 
Her X-1, 6 ~ 5°), eclipsing should be more probable in compact 
cores in which the associated jets lie nearly in the plane of the 
sky. 

In the slaved disk mode , it is assumed that the spin axis 
Š, of the secondary is misaligned with the orbit normal. The 
observed precession period, Psp, is then associated with the 
forced precession of the secondary (which has a quadrupole 
moment by virtue of its rotational distortion) by the primary. 
The secondary is assumed to fill its critical Roche surface and is 
losing mass through the inner Lagrange point. As the angular 
momentum of the transferred matter will depend on the orien- 
tation of Š, the accretion disk around M, will orient itself 
accordingly. If the transferred material is processed through the 
disk in a time that is short compared with the precession period 
of Š., then the disk orientation will follow S,. The disk is thus 
coupled to or ‘slaved’ to the precessing axis of the secondary 
star**. As in the case of $S433, we assume that the beams are 
ejected normal to the surfaces of the precessing disk'*”'*. Note 
that Linfield’ has independently suggested an accretion disk as 
the source of the ~10°-yr precession period in the compact jets 
in 3C273 and 3C345. 

The problem of long-lived forced precession in a fluid star was 
noted by Roberts’* who indicated that different shells may 
precess at different rates, leading to complex internal motions. 
Superficially, such differential precession might seem to lead to 
alignment on a relatively short time scale. However, forced 
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precession may be maintained if the precessing modes involve 
radial motion and circulation in the star*’. Other authors have 
concluded that long-term forced precession is possible** and 
that the alignment time scale can be comparable with or longar 
than the synchronization time scale?” 

The forced precession rate of the SMS i is given by 


Z(DIAGCo" 


where k’ is the apsidal motion constant, & the gyration 
parameter, e the eccentricity, r the semimajor axis, w», the 
orbital angular velocity and w, the angular velocity of the 
secondary. Assuming an approximately circular orbit and 
synchronous rotation, we may substitute R,/r from equation (1) 
into equation (2), yielding Ogp/wo~O0.1(k'/k), which is 
independent of M,, M2 and q provided q = 3, For a SMS model 
with polytropic index n = 3 (refs 18, 19), we may use the table 
given by Motz’ to obtain k'/k ~0.19, which is consistent with 
the estimate’* of k’/k<1/3 for n 22.5. Inserting this into 
equation (2) and setting Qsp~2m per 10° yr gives an orbital 
period of Pyo~20 yr. For M,=10°Ms, q#3 and e =0, the 
corresponding binary separation distance is r ~ 5x 10'° em. The 
relativistic parameter, 2GM>/c’*R2, is ~3 x 10, Thus the SMS 
could easily be supported by an expected modest amount of 
differential rotation and magnetic field. 

An orbital period of ~20 yr is potentially observable in 
sources such as 3C273 and 3C345 which exhibit ~10°-yr pre- 
cession periods. Unfortunately, selection effects may enhance 
the probability of observing non-eclipsing compact sources. 
Relativistic jets that are oriented nearly towards the observer 
will be Doppler enhanced and more easily detected’, such as 
the asymmetric compact superluminal jets in 300273 (ref. 29). 
But compact cores with transverse jets are more likely to exhibit 
eclipsing because the beam precession angle is expected to be 
relatively small. On the other hand, the basic SMS /MBH binary 
model may be applicable to sources in which there is no misal- 
ignment. Consequently, our eclipsing probability estimate of 
~0.07 may be relevant to most active nuclei. 

If the slaved disk model is applicable to the extended jets with 
precession periods ~10°-10° yr (refs 1, 3, 4, 7), then the implied 
orbital periods are ~2 x 10°-2 x 10° yr, which are obviously not 
directly observable. However, if these extended jets are 
subrelativistic, then their curvature may not be due to pre- 
cession’ and the SD model is not applicable. In this case, active 
nuclei associated with the extended curved jets, as well as the 
extended linear jets, may still potentially exhibit eclipsing (but of 
less certain period) if the basic SMS/MBH binary model is 
relevant. Consequently, sources with extended jets lying near 
the plane of the sky might constitute a preferred sample in which 
relativistic beaming effects would be much less important. 

Comparing the ratio of orbital period to precession period ir 
the SD and geodetic models (Begelman ef al.) gives (Psp/ Pres) ~ 
2.5x107 for M,~10’M.~ and r~5x10'°cm. The gravita 
tional radiation time scale (Begelman et al.) for the SD mode 
parameters (Mı ~ 10° Mo, Ma~ 10 Ms and r~ 5x10" cm) is 
tar~2x10°yr. Thus in the SD model, the system is not 
seriously unstable to gravitational radiation. Begelman et.al 
estimate a precession period of ~500 yr for the fast-moving jets 
in 3C273 and 3C345. However, their suggested parameters ¢ a 
M,~ M ~ 10° M », r~1.7x10'* cm and tor ~ 10° yr are 
inconsistent with a precession period of 500 yr (compare wit 
their equation (8) which gives a precession period of ~2.3 
10° yr). Although these parameters are intended only as order: 
of-magnitude estimates and might be adjusted to ensure consis. 
tency, this illustrates the difficulty in obtaining the requirec 
precession periods with geodetic precession, as noted else. 
where’. (Lens Thirring and Kerr-quadrupole-moment pre 
cession of M, by Ma is even less effective.) The geodetic mode 
can, however, easily account for the extended jet precessior 
periods, 

The disk-driven precession modei (DD) has also beer 
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proposed'* to account for $S443 and might be relevant to 
precession in extragalactic jets. In this model, a stationary mas- 
sive Outer disk around the compact object causes the compact 
object’s spin axis S, (plus the inner portion of the disk) to precess 
due to the Lens Thirring effect. From angular momentum 
considerations, a critical radius, 7,, is identified such that disk 
material at radii =r, is not precessed by the compact object plus 
inner disk while material interior to z, is aligned with the 
precessing equatorial plane of the compact object. It is assumed 
that accreting matter is collimated and ejected out along 5), 
which is also the direction normal to the inner disk*°°"'. 

Applied to $8433, the DD model requires a radial inflow rate 
of v,/ve~10°'°-10°°, corresponding to a disk viscosity 
parameter of a ~ 107°-107’ at r,’°. This very small inflow rate is 
the opposite extreme of the more conventional rate required for 
the SD model’ and the two models are therefore mutually 
exclusive. However, the required inflow rate is less extreme for 
disks around MBHs. The formulae given by Sarazin et al.'* refer 
to a 1M, compact object. Inserting the M, dependence into 
their equation (5) and using the appropriate angular momentum 
for an extreme Kerr black hole leads to an inflow rate of 
vu ./Ve~ 10 at r,, assuming M,~10°M., Pic 10° yr and 
M/M (Eddington) ~ 500. The latter assumption is appropriate 
for $S433 but may be an overestimate here. If P,+~ 10’ yr, 
v,/v,~ 10°? for the same parameters. 

The required disk mass could most easily be obtained by 
Roche overflow from a companion SMS by analogy with $8433, 
Her X-1 and numerous other galactic binaries with compact 
objects and accretion disks. In this case, eclipsing may occur as 
previously discussed, but it is not possible to obtain a simple 
relationship between the orbit and precession periods. If the 
necessary supercritical accretion and inflow rates are realizable, 
there might be a weak statistical relationship between the 
precession „period and luminosity (as reflected by M) because 
Qura M?” 

Clearly all three models (geodetic precession, slaved disk and 
disk-driven) can accommodate precession in extended sources 
(P,~ 10°-10° yr), but only the slaved disk model can easily 
explain the short period (~ 10° yr) precession indicated by VLBI 
observations of fast-moving jets in 3C273 and 3C345 (refs 1, 2). 
All three models have been proposed to explain the 164-day 
beam precession period in $8433, a binary system now believed 
to consist of a relatively normal Roche overflowing star and a 
compact object, The compact binary system Her X- 
1/HZ Her is known to contain a large precessing disk, and 
therefore of the three models considered only the slaved disk 
model is applicable to this system. There are, of course, 
numerous other examples of (non-misaligned) galactic binary 
systems which are radiating near their Eddington limit due to 
Roche overflow from a normal star onto a compact object. Thus 
active galactic nuclei, especially those suggesting jet precession, 
may be scaled-up versions of these better understood galactic 
binaries. Recently, Neill et al.** have concluded that their VLBI 
observations of S8433 favour the kinematical precessing jet 
model of Linfield’ for the superluminal jets seen in 3C273 and 
3C345 over the density gradient model of Readhead et al”. 

In the context of the slaved disk model, orbital periods of 
~20 yr are expected in compact sources with ~10°-yr pre- 
cession periods. If the jets and compact core continuum ori- 
ginate in the accretion disk, then the probability of eclipsing 
should be greatest in compact sources whose associated fast- 
moving jets lhe near the plane of the sky, although selection 
effects due to relativistic beaming may discriminate against this 
geometry. The basic SMS/MBH binary model may also be 
relevant to active nuclei which do not exhibit precession because 
of a lack of misalignment, in which case ~7% of all active 
compact cores could potentially be eclipsed. The observational 
probability might be improved by choosing a sample which 
includes compact central cores that are associated with the more 
common extended jets (as well as any compact jets) which lie 
close to the plane of the sky. 

We thank Dr R. Linfield for discussions and a preprint. 
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Laboratory produced visible spectral 
emission features correlate 
with those of the Red Rectangle 
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Warren-Smith e¢ al.’ and Schmidt et al.’ have obtained peculiar 
optical spectra of the Red Rectangle, which is a nebula centred 
on the star HD44179 that possesses the geometry of a hollow 
biconical shape with the star at the apex. This is also the source 
of IR emission features at 3.3, 6.2 and 7.7 ym (refs 3, 4). 
Warren-Smith et al.' report the presence of R-type band-like 
features, characterized by a profile of sharp rise from shorter 
wavelengths and a gradual degradation to the red, occurring at 
A5,779, 5,855, 5,880 and 6,615, with the first two and the last 
being the most intense. They attribute the origin of these 
emissions to unsaturated carbon molecules or carbynes. I report 
here that matrix isolation experiments directed towards under- 
standing the origin of the diffuse interstellar bands also show 
spectral emission features having characteristics similar to those 
found in the visible spectrum of the Red Rectangle nebulosity. 
These experiments suggest that the observed Red Rectangle 
emissions have their origins in fluorescence phenomena of 
species that are matrix-isolated in grain mantles. 

From a 0.5% methane in argon plasma, I have produced a 
species having a spectral absorption pattern that correlates with 
the principal diffuse interstellar bands°*. The products of the 
discharge are trapped in an argon matrix at 7<20K and 
spectroscopic measurements made by transmitting through the 
sample light from an 80-W tungsten lamp (DGB; estimated 
filament temperature 3,150K) used with a Kodak heat rejection 
filter having decreasing transmission between A3,750 and 
A3,250. 

Besides the absorption features described in ref. 5, the spectra 
exhibit four fluorescence features excited by the tungsten 
lamp. One of these features is probably R-line fluorescence 
of chromium ions as impurities in the sapphire substrate 
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Wavenumber (cm x 1073) 


Fig. 1 Single-beam spectrophotometric tracing of A5,740 and 

5,675 emission features under illumination from an 80 W tungsten 

lamp. 11-h deposition at 11K and spectrum obtained at 12K. 
Thickness of the sample was estimated to be 2 mm. 


(D. O'Shea, personal communication), The other features (Fig. 
1) at 45,740 (17,420 cm“) and 5,675 (17,620 cm~') are related 
to a reaction product or products of the discharge. The stronger 
feature at A5,740 (17,420 cm™’) shows the same profile as the 
R-type emission features observed from the Red Rectangle. In 
some experiments, the profile of the weaker feature (A5,675) 
suggests similar behaviour. A third weak emission feature was 
observed in some experiments at A6,382 (15,670 cm™*)—this 
was seen after 8—10-h depositions and correlates with the Red 
Rectangle M-type feature at A6,378. The strengths of the emis- 
sion features seem to be correlated with absorption features 
attributed to C;. They are strongest when C3 absorption is 
strongest, and disappear along with Cz under UV irradiation 
from a mercury vapour lamp. However, the redward portion of 
the profile diminishes more slowly than the peak, and continues 
to exist after Cz; absorption has been bleached away. The two 
emissions at A5,740 and 5,675 may be due to a single species 
existing at two different kinds of site, resulting in the splitting of 
what would have been one feature: such behaviour is not 
uncommon in matrix isolation. 

The wavelengths, profiles and means of production of these 
three laboratory features suggest that they are correlated with 
the emission features of the Red Rectangle. The same or similar 
species may be matrix-isolated in the mantles of grains in the 
process of exposure to illumination by HD44179. Diminish- 
ment of emission under UV irradiation as demonstrated in the 
experiments requires that the same or similar species, if present 
in the Red Rectangle, be shielded at least temporarily from the 
photolysing portion of the UV radiation emitted by the early- 
type central star. This might be accomplished by extinction due 
to inner shells of circumstellar grains. The differences in 
wavelengths of less than <2% may be explained by the species 
being in a matrix having different characteristics than those of 
argon. For example, the strongest of the Cz absorption features 
undergoes a AA=95 (or 1.8% difference in wavelength) 
between isolation in argon and neon matrices®. Note that 
methane ice in a mantle matrix has been suggested as being 
responsible for the 3.3-4m emission feature of the Red 
Rectangle and NGC7027 (ref. 7). 

The production of emission features in the laboratory as 
described here, and the observed celestial features, suggest the 
possibility of using the species responsible as a probe of the 
nature of grain mantles. Experiments involving matrices having 
the characteristics expected of the mantles of interstellar grains 
are of interest from the standpoint of adjusting the emission 
features with varied matrix compositions, to shift them into 
exact coincidence with the observed phenomena. 
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Titan, the largest satellite of Saturn, is one of the smallest known 
bodies with an atmosphere. Since the detection of an atmos- 
phere on Titan by Kuiper, various models have been proposed 
for the structure of this atmosphere’. These models were based 
on information from ground-based observations which, 
although advanced, failed to yield a sufficiently accurate and 
quantitative picture of the atmosphere. The IR, UY and radio 
science investigations on Voyager 1 have now provided much 
needed information on the composition, structure and dynamics 
of the atmosphere of Titan’. The IR and radio science data 
indicated a mean molecular weight of 28 for the atmosphere ot 
Titan and it was thus concluded’ that the atmosphere consists 
predominantly of N,. The minor components of the atmosphere 
as identified by the spectra from the IR Radiometer and Inter- 
ferometer Spectrometer (IRIS) spectra include methane, 
acetylene, hydrogen cyanide, ethane, ethylene and possibly 
propane and methylactetylene’. The other IR bands observed in 
the spectra have not been firmly identified, although several 
other hydrocarbons and nitrogen-containing compounds are 
suspected. The minimum atmospheric temperature of ~70 K 
was deduced to prevail near the 200 mbar level, which can act ” 
a cold trap for methane and thus regulate and maintain a 
constant abundance of stratospheric CH, which has been at 
mated? to be about 1% of N;. The ERIS data also indicate that 
the stratospheric temperature near 1 mbar level is about 20 K 
colder in the north than at the equatorial and south latitudes but 
that it shows practically no diurna? and longitudinal thermal 
variation. | 

Speculation on the processes which could contribute tot the 
organic chemistry of Titan depend on the selection of the 
atmospheric model. The ground-based observation of C-H; 
C-H, and C-H, along with the coleration of the planet, led to 
several competing models for the atmosphere. At one-extreme, 
the temperature inversion model*” envisages a thin atmosphere: 
(surface pressure and temperature of ~20 mbar and BOK, 
respectively), which is heated to 160 K by dust (aerosol) which: 
absorbs the UV and visible radiation. The greenhouse model”, 
on the other hand, assumes a thick atmosphere (upper limits of 
surfak pressure 21 bar and temperature 200K) consisting 
mainly of N, with CH, and H, as minor constituents. A 
continuous opacity is provided by dust particles dissolved ie 
liquid methane droplets in this model. 

A pre- Voyager report on the organic synthesis on Titan by 
Chang et al. is based on a composite model. The main features 
of this model are: (1) the absorption of solar radiations in the 
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stratosphere by a dust layer; (2) the temperature in thestrato- 
sphere is ~17 K, which drops to ~115 K at the top of a thick, 
dust-covered cloud layer consisting of colourless hydrocarbons 
mixed with reddish material of unknown composition and 
possibly solid ammonia; (3) the main constituents of the atmos- 
phere are N, and CH,; (4) a clear atmosphere extends from the 
bottom of the clouds to the surface with temperature of ~135 K 
and pressure of 1 bar; (5) the surface consists (mainly) of CH, 
clathrates, NH,;-H,O ice or liquid NH;3, and therefore the 
abundance of NH, in the atmosphere is regulated by its satura- 
tion vapour pressure. 

The situations assumed by these models are substantially 
different from the actual one which can be formulated by the 
Voyager data, especially with regard to temperature, pressure, 
composition and dust opacity. To gain some insight into the 
organic chemistry on Titan, in the light of the recent data 
provided by Voyager, we carried out several simulation 
experiments. Our main objective was to assess the possible 
contributions to the organic chemistry from different possible 
energy sources which may be available on the satellite. 

In our experiments, a gas mixture of N, and CH, (~ 100:1, 
occasionally up to 100:4), simulated Titan’s atmospheric 
composition as revealed by the Voyager data. The energy 
sources used were UV radiation, electric discharges, an electron 
beam, y-ray radiation and a proton beam. 

There is no question that UV and visible radiation from the 
Sun is available. Although Voyager 1 did not observe directly 
any evidence of lightning in Titan’s atmosphere, its occurrence 
remains a possibility. The seasonally dependent cyclostrophic 
zonal flow in the stratosphere of about 100 m s~ might be of 
great significance in this regard’. High-energy particles from 
cosmic rays, medium-energy particles from solar winds and 
low-energy particles from Saturn are also a very likely source of 
energy on Titan. The low energy bombardment will have its 
primary role in the stratosphere while the cosmicrays can 
contribute to the organic synthesis in the deeper atmosphere. 
Titan seems to move in and out of Saturn’s magnetosphere. The 
magnetometric measurements by Voyager showed the absence 
of an internal magnetic field on Titan’, and therefore the solar 
wind as well as high-energy particles trapped in Saturn's 
magnetosphere can reach Titan nearly unimpeded. We have 
examined the roles of each of these energy sources in the organic 
synthesis on Titan by laborarory simulation experiments. 

(1) Ultraviolet irradiation: In one experiment, a mixture of 
CH, and N, (1: 100, a total pressure 505 mbar) was photolysed 
with a high pressure (15 atm, 17 kW) argon lamp for 4h. In 
another experiment, the flask containing 500 mbar of N, was 
equipped with a CH, reservoir which was dipped in a liquid 
nitrogen Dewar, thus regulating and replenishing the CH, 
supply. After the UV irradiation, the bulk of N, remaining was 
pumped out and the gas products were subjected to gas 
chromatographic (LGC) and mass spectroscopic (MS) analysis. 
Both experiments yielded virtually identical results. About 
30 umol of C,H¢, 2 umol of C,H, and 1 pmol of C,H, per mol of 
CH, were produced. Acetylene and hydrogen cyanide, if 
present, occurred at levels <10~* umol. Note that this result is 
associated with the wavelength between 100 and 200 nm pro- 
vided by the argon source. 

(2) Electric discharge: A mixture of 10 mbar of CH, and 
740 mbar of N, was subjected to an electric discharge 
(~5,000 V tungsten electrodes, ~1 cm gap). Within 15 min, 
C,H, and HCN could be observed by IR spectroscopy. A pale 
brown film began to be deposited on the walls of the vessel and 
also on the windows of the IR cell attached to the vessel, on 
further continuance of electrical discharge. The gaseous 
products were sampled after 15 min and 1, 2, 6 and 12h and 
were then analysed by GC and GC/MS. All the compounds 
identified in Titan’s atmosphere were detected in these samples. 
However, compared with the situation on Titan the production 
of C-H, was much higher than that of C,H,, Other products such 
as diacetylene, cyanoacetylene and ethylene were clearly 
observed by GC and positively identified by GC/MS from the 





Table ł Relative abundance of products in simulated Titan’s atmosphere 


Electric y-Ray Proton Electron 
UV discharge radiation beam beam 
C,H, HCN, C,H, HCN, C-H, HCN HCN 
{primary (primary 
product) product) 
» CH, > CH, >C H, > CH, > C,H, 
> CHa > CH, > C,H, > CH, » C,H, 
> C,H, > C,HN > C,H, > C,H, 
>» C,HN » CH,CN > CSHN > C,HN 
> CHo » GH, » C,H, 
>C H >CH,CN >CH,CN 
> CH,CN NH,? 





> Approximately an order of magnitude less; > one to two orders of magnitude 
less, 


fragmentation patterns. If lightning does occur on Titan, all the 
observed components of Titan’s atmosphere can be accounted 
for by this simulation experiment. The brownish haze which 
deposits on the IR cell windows during the reaction is practically 
transparent in the 500-600 cm‘ region, where the hydrocarbon 
aerosals are likely to absorb. Such a haze, if present on Titan, 
wlll impart to its observed colours without much interference in 
the 300-1,000 cm™ region. 

(3) y-ray irradiation: A mixture of 10 mbar CH, and 
700 mbar N, was exposed to radiations at the rate of 
~20 krad h`’ for 40 h using a Co source. C,H, and HCN were 
the prime products followed by C-H4, C4H2, CHN and a few 
unidentified compounds. 

(4) Electron bombardment: A 2-1 flask equipped with a CH, 
reservoir maintained at 77 K was filled with 700 mbar of N,. The 
mixture was bombarded with a diffuse 10-MeV electron beam 
(20 nA, dosage ~20 krads~') for 50 min. C,H, C,H, C3H,, 
CH, CH3;CN, HCN and C3HN were positively identified by 
GC. A few more compounds were formed in very low concen- 
trations. 

(5) Proton bombardment: A mixture (total pressure of 
2 mbar) of N; and CH, (100: 4) was contained in a cell. A proton 
beam (310°° A, 1.5 MeV) was allowed to pass through a 
3x 10°’ inch-thick pure nickel foil window. The reaction was 
carried out for 3 h. GC and GC/MS data of the resulting sample 
gas mixture indicated the presence of CHa, C-H, C-Ha, HCN, 
C,H, and C,HN; the last two compounds were present in 
smaller quantities than the others. An attempt to detect NH; by 
mass spectrometry was inconclusive due to interference with 
CH4. 

The experimental results obtained are summarized in Table 1. 
They indicate that (1) UV light produced by the argon lamp 
produces saturated hydrocarbons such as C,H, and C,H, but no 
appreciable amount of unsaturated hydrocarbons such as C,H, 
and C,H, and nitrogen-containing compounds, especially HCN; 
(2) electric discharge and radiation by y-ray, B- and proton 
particles produce HCN and more unsaturated hydro- 
carbons, especially C-H, than saturated hydrocarbons. 

C,H, is believed to be formed from C,H, or C-H, in CH, 
photolysis. The main source of acetylene in C,H, photolysis is 
the species C,H,, which dissociates into C,H, + H. This process 
of production of C,H, is retarded in the presence of nitrogen N, 
(ref. 10). In other words, C,H, can be produced by photolysis of 
CH, by a route CH,>C,H,>C,H,*~C,H2. Because the 
production rate of C-Hs, the first intermediate, is not very large 
and nitrogen is present in a large excess in Titan’s atmosphere, it 
is very unlikely that C,H, is produced in a significant amount by 
UV irradiation alone. Moreover, to obtain an appreciable 
steady-state level of C,H,, any process of C,H, production must 
be more efficient than the photodissociation of C,H, which has a 
high absorption coefficient below 160 nm (refs 11, 12). 

Chang et al.® also failed to observe any HCN on irradiation of 
a mixture of CH, and N, with a 123.6-nm lamp. However, 
Laufer and Bass'* reported HCN production at ~160 nm from 
3CH, radical and nitrogen. Lyman a photons in Titan's atmos- 
phere can produce ‘CH, radical which may thermalize by an 
intersystem crossing to CH, but only at a very small rate of 


moynina aAa anaE AA rasan iinet PP! Ten AARAA A a aAa ene ee ene nnana 


Nature Vol. 293 29 October 1981 


9x 107'* cm? mol` s™' (ref. 14). At higher N, pressures, the 
CH, concentration is increased’*, indicating that N, may act as 
a rather inert catalyst. However, *CH, reacts with itself 
(producing C.H;) at a two orders-of-magnitude higher rate 
(5.3 x 107" em? mol`? s~') than its production from CH). The 
absorption cross-section of HCN increases many fold below 
160 nm, implying that HCN is not stable to irradiation below 
160 m, and therefore that a significantly steady-state production 
of HCN by Lyman a-photons from CH, and N, in Titan’s 
atmosphere at a pressure level of 10 mbar seems improbable. 
Another possible path to the formation of HCN and other nitrile 
compounds from N, and CH, mixture should involve an initial 
formation of N atoms (from N,). This is very unlikely with the 
kind of solar radiation energy Titan seems to be receiving. 
Scattergood'® used a 1:1 mixture of CH, and N; in a proton 
bombardment experiment, which produced an appreciable 
amount of NH;, and other products similar to those reported by 
us, In the present experiment, in which hydrogen and CH, are 


rather depleted, it is unlikely that any appreciable NH; is 


produced. 

It is possible that the C,H, and HCN found in Titan’s atmos- 
phere are produced, not by solar UV radiation, but rather by 
either lightning or particle or B-radiation, or all of them. The 
production of NH; and other amines is yet to be explored 
carefully. These could lead to formation of HCN and other 
nitrogen-containing compounds. The colouration of the planet 
may be a result of the polymeric products obtained from pho- 
tolysis of HCN (ref. 17). This seems more likely than C,H, 
polymers, which have to be highly polymerized to show a visible 
colour. 

In all our laboratory experiments, the production of CH, was 
very low, whereas the band around 830 cm™ in the IRIS spec- 
tra, which has been assigned’ to CHa, is substantial. Even if the 
C,H. produced by solar UV radiation as shown by the UV 
experiment is taken into consideration the peak at 830cm™' 
seems to be unduly strong. The IR spectrum of solid HCN we 
obtained exhibits a strong broad signal centred around 
825cm™', along with weak absorption bands at 950 and 
740 cm™'. Thus, the band observed around 830 cm™ could be a 
composite of C,H, and solid HCN suspended in the atmosphere, 
and the content of C,H, in Titan’s atmosphere may not be as 
high as initially assumed’. 

The observation of HCN in the atmosphere of Titan and the 
corroboration by laboratory simulation experiments are 
significant in our understanding of chemical evolution. A pre- 
cursor of biologically important compounds, HCN has been 
detected in interstellar medium’? and its derivatives, such as 
cyano-polyacetylenes and polynitriles, have been suggested to 
be present in meteorites. The presence of this key compound on 
Titan implies that the chemical processes postulated as involved 
in the formation of bases and amino acids on the primitive Earth 
may be commonplace in the solar system. 

A revised upper limit (R. Hanel, personal communication) of 
the methane content in Titan’s stratosphere is 2.6% (of Na), 
rather than 1% as reported earlier’. As our experimental 
condition was such that CH, content ranged over 1~4%, the 
results of the simulation experiments should still be valid, at 
least for the overall qualitative picture. 

We thank Mr Cliff Walters for the operation and inter- 
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his IR spectrophotometer, Dr D. Chapas for the operation of 
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Because of its importance in understanding the static and 
dynamic properties of the Earth’s mantle, the olivine to spine! 
structure transformation is one of the most frequently studied 
crystal structure changes. The volume change is considerable 
(~7-10%, depending on the compound involved) but the 
reason for this is unclear. In most high-pressure trans- 
formations, the volume contraction is accompanied by an 
increase in the primary coordination number of the atoms. 
However, there is no such increase in the case of the trans- 
formation from the olivine to the spinel structure. Both are 
A,BX, compounds (for example. Mg,SiQ, olivine and 
Al.MgO, spinel) with cation coordinations AX, (octahedral) 
and BX, (tetrahedral) and anion coordinations XAB (tetra- 
hedral). Indeed the conventional description of both structures 
starts with approximately ‘close-packed’ (‘eutactic’') anion 
arrays (hexagonal for olivine and cubic for spinel) with cations in 
one half of the octahedral interstices and one eighth of the 
tetrahedral interstices, suggesting that the volumes of each 
structure should be very similar for a given compound. Here we 
show that a less conventional, but more appropriate description 
of the structures resolves the volume problem and also sheds 
light on the crystal chemistry of these and related structures. 
As there is no change in nearest-neighbour configurations we 
must examine next-nearest neighbour arrangements. For the 
anions, both arrays are eutactic anc hence of equal packing 
efficiency. However, when we compare the cation arrays in the 
two structures there is a considerable, highly significant change. 
Figure 1 shows the structure of a typical olivine’ drawn in an 
unconventional way. The right-hand part shows the 5:0, tetra- 
hedra and Mg atoms and the left- hand part, only the cation: 
array. We emphasize the latter, which consists of Si-centred Mgs 
trigonal prisms connected in such a way that each SiMge prism 
has three Mg caps, that is, the coordination of $i by Mg is SiMgo, 
although not all nine magnesium atoms are equidistant from the 
Si. In a-Fe,SiO, (the olivine form) the analogous distances are. 
(Si... Fe) = 2.785(2x), 2.878, 3.287, 3.299(2x}, 3.318(2* 3 
3.268 Å (average = 3.147 A). This array is that of Ni,In (Struk- 
terbericht type B8,)—a common alloy structure type. The pro- 
jection of Fig. 1 corresponds to that of Ni,In on (1120). 
Figure 2 shows the spinel structure of y-Fe,SiO, (ref. 4). The. 
cation array is emphasized and again shown to be a common 
alloy structure type, now MgCu, (C15). The Si atoms are in the 
centres of Fe,. truncated tetrahedra Friauf polyhedra) with d 
(Si... Fe) = 3.414 A(12x). 
Thus the important change in the transformation of olivine to 
spinel is the change in the A,B (cation) arrangement from Ni,In 
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Fig.1 The structure of olivine (Yosemite 103-481)* projected on 
(001) (setting Pnma). The right-hand part of the drawing shows 
SiO, tetrahedra and Mg atoms (large circles). Numbers are heights 
(100z). The SiMgs trigonal prisms are shown on the left. These are 
connected into columns parallel to the projection axis by sharing 
triangular faces, and the columns are joined into corrugated sheets 
by sharing prism edges. Alternate sheets are at heights differing by 
z=1/2. 


t1001] 





Fig. 2 The spinel structure of y-Fe,SiO, projected on (100), = 
(110)... (Subscript c refers to the conventional face-centred-cubic 
unit cell, t to the corresponding body-centred-tetragonal cell 
related to c by the matrix 1190/ —5430/001). Large circles are Si, 
medium circles Fe and small circles 0; open at x, = 0, filled at x, = $, 
dotted at x,~+} (numbers are heights, 100 x,). Left, the C9-like 
array of empty, corner-connected Fe, tetrahedra; right, the SiO, 
tetrahedra. 


to MgCu, with an increase in coordination number (BA, to 
BA,,) exactly as expected for a high pressure transformation. 
Equally important is the fact that d(Si...Fe) increases in the 
high-pressure phase, strongly suggesting that the driving force 
for the transformation is a lowering of the Si...Fe non- 
bonded*” repulsion energy. (It is not generally recognized, but it 
is, nevertheless, the case, that when coordination numbers 
increase in a phase transition, so also do interatomic distances.) 
This change is consistent with the hypothesis, described in detail 
elsewhere’, that cation...cation non-bonded interactions are 
far more important than those between the oxygens in oxides. 
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Cosmical magnetic fields are produced and maintained against 
the effects of ohmic decay by inductive interactions with fluid 
motions. But neither a steady nor a non-steady magnetic field 
can be supported by this so-called ‘self-exciting homogeneous 
dynamo’ process if the field possesses an axis of symmetry. This 
suggests that palaeomagnetic and archaeomagnetic data might 
be expected to show evidence that departures from axial sym- 
metry are systematically less during the decay phase of a 
geomagnetic polarity ‘reversal’ or ‘excursion’ than during the 
growth or recovery phase. The recent proof that neither fluid 
compressibility nor thermoelectric effects of the Nernst- 
Ettinghausen type can prevent the ohmic decay of axisymmetric 
magnetic fields is also discussed here. 

The magnetic fields of the Earth and Sun, and of other 
magnetic planets (such as Jupiter and Saturn) and stars, are 
thought to be due to electric currents flowing within their 
interiors. It is accepted that these currents are maintained 
against the effects of ohmic dissipation largely by electromotive 
forces (e.m.fs) due to motional induction, as Larmor’ first 
pointed out. The fluid motions involved are produced in most (if 
not all) cases by the action of gravity on density variations. There 
have been other general proposals as to the nature of these 
e.m.fs but, unlike Larmor’s ‘self-exciting homogeneous 
dynamo’ proposal, they invariably fail, usually by several powers 
of 10, to give the right magnitude. Thus, the dynamo mechanism 
is considered to hold the greatest promise of explaining cosmical 
magnetic fields, and this is why over the past two or three 
decades much mathematical work has been done on investigat- 
ing how such dynamos might work in detail*”. 

The mathematical analysis of theoretical dynamo models is 
complicated by the finding that suitable departures from axial 
symmetry seem to be required for dynamo action*”. Indeed, 
Cowling* showed that no steady magnetic field with an axis of 
symmetry can be maintained by fluid motions, and it was later 
shown that no non-steady axisymmetric magnetic field can be so 
maintained when the electrically conducting fluid is incompres- 
sible**. But until recently the behaviour of axisymmetric 
magnetic fields had not been established in the most general 
case, when the fluid can be compressible, the field non-steady 
and the scalar coefficients of electrical conductivity and 
magnetic permeability dependent on position and time. This led 
Todoeschuck and Rochester’ to speculate that it might be 
possible for a non-steady axisymmetric magnetic field to be 
maintained by dynamo action provided the fluid were 
sufficiently compressible. But it can be shown, giving careful 
consideration to the definition of dynamo action’, that in the 
most general conditions fluid motions cannot prevent the ohmic 
decay of an axisymmetric magnetic field’'’. Any search for 
axisymmetric dynamos is bound to be unprofitable. 

Another speculation which has motivated efforts to generalize 
Cowling’s original ‘anti-dynamo’ theorem is Hibberd’s'*. He 
proposed that non-steady axisymmetric magnetic fields can be 
maintained by thermoelectric effects of the Nernst- 
Ettinghausen type, where the conductive flow of heat down a 
temperature gradient VT in the presence of a magnetic field B 
generates an e.m.f. equal to nx B where n=—aVT if a is the 
Nernst-Ettinghausen coefficient. Such effects can be included 
in the analysis of the behaviour of axisymmetric fields 
and shown to have no significant influence” °. Thus despite 
speculations to the contrary’’'*, neither compressibility nor 
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Nernst~Ettinghausen effects can prevent the ohmic decay of an 
axisymmetric field. 

Application of the laws of Gauss, Faraday and Ampère, 
together with Ohm’s law, to a moving medium in which Nernst- 
Ettinghausen e.m.fs are present leads to the following differen- 
tial equation for the magnetic field B (see ref. 8): 


dB/ot = -V x (a 'V x (u 'B)+V x ((u +n) XB) (1) 


Here ¢ denotes time, o electrical conductivity, u magnetic 
permeability and u the Eulerian flow velocity. When B possesses 
an axis of symmetry its meridional components (B,, B,) (in 
cylindrical coordinates (7, ġ, z) about the axis of symmetry r = 0) 
and azimuthal component B, (in general non-zero) are 
independent of ġ. A scalar quantity h (r, z, t) satisfying 


(B,, B,) =(r-'ah/az,—r7'ah/ar) (2) 


can then be used to represent the meridional components of B. 
These components will vanish at 2m—1 (m=1,2,3,4...0) 
neutral points in the (7, z) plane, where m of these neutral points 
are of the O type, in the neighbourhood of which the field lines 
defined by (B,, B,) are elliptical in shape, and m — 1 are of the X 
type, where the neighbouring field lines are hyperbolic in shape. 
Magnetic field lines in the (r, z) plane are parallel to contour 
lines of equal values of the scalar function h and the magnetic 
field strength is inversely proportional to the spacing of the 
contours. The neutral points of the O type are located at the 
positions of the local maxima in |h(r, z, t)| and those of the X 
type at the cols or saddle points in A(r, z, t). 

Effects due to motional induction and Nernst-Ettinghausen 
e.m.fs are represented by the second term on the right-hand side 
of equation (1). That these effects cannot prevent the ohmic 
decay (represented by the first term) of an axisymmetric 
magnetic field has now been proved in the most general case’”, 
when B can be non-steady and g and u dependent on both 
position and time. The demonstration that axisymmetric 
magnetic fields always decay, though not in general monotonic- 
ally, is effected by applying equation (1) to the global maximum 
H(t) of |A(y, z, t)|, which occurs at the point (f(z), 2(1)) (say). The 
main mathematical complication arising in the treatment of the 
general case is that m, f and Ê change discontinuously with time, 
but H(t) decreases monotonically with time (in a piecewise 
differentiable manner) and this establishes the proof’. 

The above results (which also apply to fields that are only 
topologically axisymmetric™ °} must not be taken to imply that 
the magnetic field of a planet or star where it is usually obser- 
ved—at or above the surface—must necessarily depart strongly 
in form from symmetry about some axis. The dipole component 
of any magnetic field configuration always dominates at great 
distances from the source of the field, simply because its rate of 
fall-off with distance from the source is slower than that of 
higher-order multipoles. If the dynamo region is confined to the 
deep interior, then non-dipolar features could be barely detect- 
able at and above the surface even when they are pronounced 
well below the surface. 

Another possible—though less probable—interpretation of a 
planetary or stellar magnetic field that above the surface appears 
to be highly symmetric about some axis is that the field is indeed 
axisymmetric everywhere, below as well as above the surface, 
but the e.m.fs due to motional induction are (as a consequence of 
the axial symmetry) temporarily inoperative, the field having 
been caught by the observer in an ohmic decay phase. Recovery 
from this decay phase would, presumably, take place later, as 
soon as motions in the conducting fluid have reestablished 
suitable field asymmetries’, thereby switching the dynamo on 
again. But it would be practically impossible to see this decay 
and recovery in direct field observations, owing to the long time 
scales involved, many centuries at least for the Earth and much 
longer for the major planets Jupiter and Saturn and magnetic 
stars. On the other hand, such behaviour might manifest itself in 
the long-term variations in the Earth’s magnetic field that have 
been inferred from the magnetism of certain sedimentary and 
igneous rocks and human artefacts (pottery, hearths). Thus, 
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palaeomagnetic and archaeomagnetic data might show evidence 
that departures from symmetry about some axis (not necessarily 
that of the Earth’s rotation) are systematically less during the 
decay phase of a geomagnetic polarity ‘reversal’ or ‘excursion’ 
than during the growth or recovery phase and it will be of 
interest to analyse such data with this possibility in mind. 
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Little is known about processes which remove particles with 
radii of <5 xm from surface layers of the oceans although they 
influence the geochemical cycling of many substances. 
Agglomeration resulting from particle—particle interactions 
and/or incorporation into faecal pellets by organisms may 
accelerate the settling rate of such particles’. We report here 
the vertical distribution of particulate aluminium in the Gulf 
Stream which is consistent with that expected if primary input 
were from the atmosphere and first-order removal occurred in 
the upper 100 m of the water column. We hypothesize that filter 
feeding, particularly by salps, may be responsible for calculated 
removal rates. 

Samples were collected at 30°51.1' N, 79°41.8' W in 525 mof 
water in late August 1979 using 30-1 Tefion-coated GO-PLO 
(General Oceanics) bottles hung on Kevlar line. Preparation and 
analysis of these samples for particulate trace metal and par- 
ticulate organic carbon analysis are described elsewhere”. Total 
dissolvable metals were determined by a procedure similar to 
those described in refs 4 and 5. Salinity, chlorophyll and nutrient 
concentrations were also determined. We were unable to 
measure temperature at this station but hydrographical data 
were obtained at nearby (<10 km) stations 3 days later (L. P. 
Atkinson, unpublished results) and in July 1978 (ref. 6). 

Nitrate, particulate organic carbon, particulate aluminium 
and chlorophyll concentrations are plotted in Fig. 1. Hydro- 
graphical data indicated the presence of a 30-m mixed layer with 
an intense pycnocline between 30 and 200 m. Nitrate concen- 
trations were <0.1 umol 1 from the surface to 100 m and then 
increased as a linear function of depth to 450m. A deep 
chlorophyll maximum (DCM) was present near 100m (refs 
7-10). Particulate aluminium concentrations reached a mini- 
mum value at 100 m, coincident with the chlorophyll maximum, 
and then increased with depth, correlating well with nitrate 
concentration (7% = 0.94). (Large uncertainties in some of the 
aluminium data presented here reflect the fact that samples were 
necessarily processed in part outside a ‘class 100° controlled 
environment. However, we believe the data are of sufficient 
precision and accuracy to support our conclusions.) The increase 
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Fig. 1 Vertical profile of particulate aluminium (xX), particulate 
organic carbon (A), nitrate (O) and chlorophyll (@). Error bars on 
carbon and aluminium values represent 1 s.d. Where error bars are 
absent, the uncertainties lie within the dimension of the symboi. 


in particulate aluminium concentration with depth is not under- 
stood but may reflect resuspension and/or horizontal transport 
along isopycnals from the adjacent shelf. 

We consider the particulate aluminium in the upper 100 m to 
be primarily of atmospheric origin because (1) the isopycnal at 
the base of the mixed layer (30 m) intersected the surface before 
reaching the shelf (L. P. Atkinson, unpublished results), (2) 
atmospherically deposited aluminium is essentially insoluble in 
seawater'', and (3) the contribution to the concentration of 
particulate aluminium by adsorption of soluble aluminium is 
probably uniform with depth as the concentration of particulate 
and soluble forms of other particle-reactive elements, such as 
Cu, Zn, Ni and Cd, were homogeneous to 100 m, Mean concen- 
trations of total dissolvable copper, zinc and nickel between 0 
and 100 m were 1.03+0.05, 0.30+0.05 and 2.3+0.2 nmol 1” 
respectively, while cadmium increased slightly from <3 to 
8 pmoll”’ between 0 and 100m. These concentrations are 
similar to those reported’? for nutrient-depleted surface waters 
of the North Pacific. Mean particulate copper, zinc, nickel and 
cadmium concentrations over the same depth interval were 
2846, <16, 18+8 and 0.93+0.13 pmol I~’ respectively. 

The residence time of particulate aluminium in the shallow 
mixed layer (0-30 m) may be calculated if atmospheric input is 
the primary source and steady-state conditions are assumed. An 
atmospheric flux of 5.8 x 10°? nmol Al m™*s™', calculated from 
a geometric mean atmospheric concentration of 5.8+ 
1.8 nmol m`’? observed in southeastern Atlantic aerosols’? and 
deposition velocity of 1 cms™' (ref. 14), was used to calculate a 
residence time of about 30 days in the mixed layer. The assump- 
tion of steady state is reasonable because intense stratification of 
the Gulf Stream occurs in this region by June’ and the 
geometric mean atmospheric aluminium concentrations of air 
reaching Bermuda from the area encompassing the upstream 
path of the Gulf Stream is similar to that observed in south- 
eastern Atlantic aerosols’®. 

Below the mixed layer, the exponential decrease in particu- 
- late aluminium with depth between 30 and 100 m is consistent 
with first-order removal by one or more mechanisms with an 
overall first-order removal constant of k=3.8x10*m™ 
(Fig. 2). 

A vertical model capable of explaining the observed vertical 
profile of aluminium assumes that: (1) atmospheric input is the 
only significant source of particulate aluminium in the 0-100-m 
water column, (2) atmospherically deposited aluminium settles 
in water with a constant mean velocity, V, until incorporated 
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into larger particles, (3) these large particles settle with much 
greater velocities and have much shorter residence times than 
small-particle aluminium in the 0-100-m depth interval, (4) 
steady-state conditions exist, (5) the net effect of horizontal 
advective and diffusive transport on the vertical profile of small- 
particle aluminium is negligible, and (6) the first-order removal 
rate is constant between 0 and 100 m. 

The second assumption allows us to express the first-order 
constant k as a time-dependent constant k’ defined by the 
following equation: 


k'= kV, (1) 


Under steady state, the total flux, which in this model is simply 
the sum of the smali (F,) and large (F ) particle aluminium flux, 
is equal to the atmospheric flux (A). Small and large particle 
fluxes at any depth are given by 


F,= VAI, (2) 
F, = kV.Mo_. (3) 


where [Al]. = concentration of small-particle aluminium at 
depth z =measured aluminium concentration at depth z, and 
M,., = total mass per m? of small-particle aluminium in the 
designated depth interval. The value of V, may then be cal- 
culated from 


V. = A/[(AD, +kMo-2] (4) 


If A=5.0 pmol m”? day™', [Al], = 0.33 pmol m” at z = 100, 
k=3.8x10? m` and Mo-; = 263 pmol m™”? for a 0-100-m 
water column, then V,=0.49 m day. A settling velocity of 
0.49 m day™' is equivalent to the Stokes settling velocity of a 
spherical particle with a density of 2.5 gcem™* and radius of 
1.6 wm. This value compares favourably with the mass-median 
diameter of aluminium in marine aerosols'*’"*. 

From equation (1), k’= 1.94 10°? day’, and the residence 
time of small-particle aluminium in the upper 100 m is 1/k’ or 
54 days with respect to first-order removal. That the first-order 
removal is due primarily to biological mechanisms and not to 
abiotic processes is supported by estimating the collision 
frequency of particles with radii of 1-5 um. Following the 
procedures of Lal'’, but adopting a collision efficiency factor of 
~(Q.1 and a success factor of <1 (ref. 18), we estimate that the 
mean time between collisions is >2.8 yr. (Values used in equa- 
tion (5) in ref. 17, after integration from ra= 1 pm tor=5 pm, 
were A= 45 ygl', B=10*cm™'s”' and b =4. The result was 
then multiplied by the product of the success and efficiency 
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Fig. 2 log-linear plot of particulate aluminium versus depth 
between 30 and 100m. Linear regression of log of particulate 
aluminium concentration against depth gave m=~3.8x10 “m , 


r° = 0.996, 
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probabilities.) The estimated time between collisions is 
considerably greater than the residence time of small-particle 
aluminium in the 0-100-m layer (0.15 yr). 

The filtration rate of organisms required to satisfy observed 
first-order removal kinetics is 19] m° day’, assuming 100% 
removal efficiency and a vertically homogeneous grazing rate 
between 0 and 100 m. Atmospherically deposited aluminium is 
primarily on particles with radii of <2.5 um (>80% of the 
aluminium in aerosols sampled in Enewetak** and in Bermuda’® 
was on particles with apparent radii of <2 ym), and filter feeders 
such as adult copepods cannot graze efficiently on particles of 
this size’. Larvaceans, naupliar and post-naupliar copepods, 
which are numerically abundant in the DCM region and are 
capable of grazing particles with r<2.5 um, constitute only a 
small fraction of zooplankton biomass (~20% or 
~0.3 mg C m~*) in the Northern Sargasso Sea*’. The clearance 
rate of these organisms, estimated by extrapolation of feeding 
experiments*' in which juvenile stages of Eucalanus pileatus 
were fed particles with r<2.5 um, is <1 mll day at a 
biomass of ~0.3mgCm”’. This filtering rate is clearly 
insufficient to influence significantly the vertical distribution of 
particulate aluminium. 

The grazing activities of salps may explain the observed 
vertical distribution of aluminium. Salps (1) have filtration rates 
which may exceed 1441m *day™' (ref. 22), (2) efficiently 
remove particles with radii as small as 1 pm (ref. 23), (3) produce 
faecal material which settles with velocities >100 m per day”, 
(4) have filtration rates which are independent of particle 
concentrations”, and (5) cover large distances while grazing”. 
Unfortunately, fragmentary knowledge of the numerical abun- 
dance of salps in open ocean waters limits attempts to assess 
accurately the importance of these organisms with respect to 
first-order removal of fine particles in oceanic surface waters 
(L. Madin, personal communication). However, their potential 
importance in this regard and their concomitant influence on the 
biogeochemical cycling of trace elements and other substances 
warrant further study. 

The data presented here show that the vertical distribution of 
particulate aluminium in highly stratified, oligotrophic open- 
ocean surface waters may help elucidate the processes affecting 
removal of fine particles from oceanic surface waters. 

Discussions with K. Banse, J. M. Bewers, D. Deibel, R. Duce, 
L. Madin, D. Menzel, G. Paffenhofer, L, Pomeroy, H. Windom 
and J. Yoder were most helpful. We thank L. Land, S. McIntosh 
and L. O'Malley for preparation of the manuscript. This work 
was supported by US Department of Energy contract DE- 
AS09-76EV00890. 
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What do the ants know 
about the rotation of the sky? 


Rüdiger Wehner & Bruno Lanfranconi 


Department of Zoology, University of Zurich, 
CH-8057 Zurich, Switzerland 


Animals which use a celestial compass to navigate in a particular 
direction are able to compensate for the movement of the 
Sun’. It has generally been assumed” * that this compensation 
is exact even though the rate of change of the position of the 
Sun’s azimuth is not constant but varies according to the time of 
day, the date and the latitude. However, what can be deduced at 
best even from the most comprehensive studies of birds’, 
fishes’®, spiders'’’”? and bees’*”* is that the animals do not 
simply use the Sun’s average rate of azimuth movement 
(15° h7'). The scatter in most data and methodological short- 
comings (for example, see ref. 17) prevent a more specific 
conclusion. A further possibility, supported by recent experi- 
ments with bees’®, is that animals do not use long-term 
information about the rate of movement of the Sun’s azimuth at 
all but just extrapolate from the mos? recently observed rate of 
movement. Here, we show that ants do indeed compensate for 
the variable rate of movement of the Sun’s azimuth even if they 
have not seen the sky for several hours. Small but consistent 
errors further suggest that the ants might acquire their knowl- 
edge of the Sun’s azimuth movement by interpolation between 
successive memorized positions of the azimuth. 

For our experiments we used the genus Cataglyphis”, 
which consists of large, long-legged desert ants. Each ant forages 
individually" and during its foray may cover distances of over 
100m from the nest. Unlike many other ant species”, 
Cataglyphis foragers do not navigate using scent trails but apply 
a dead reckoning strategy using celestial cues as a 
compass’”?*~**_ At our field station in Maharés (Tunisia} more 
than 400 ants belonging to different colonies were trained to use 
different feeding stations positioned m different directions 15 to 
30 m from the nest. When an ant arrived at a feeding station, it 
was transferred to a moist, light-proof glass flask, retained there 
for several hours and then released in a remote test area with 
which it was unfamiliar. After release it would set off in the home 
direction. The testing area, a hard sandy plain, was painted with 
a grid of fine white lines which allowed us to record the ant’s path 
on a reduced scale for later statistical analysis. Furthermore, 
while homing, the ant was accompanied by a small vehicle that 
screened off all landmark cues and was loaded with optical 
equipment to shield or change the position of the Sun, or modify 
the pattern of polarized light in the sky (Fig. 1). As the person 
moving the vehicle was completely unaware of the ant’s home 
direction as well as the rationale of the whole experiment, but 
was merely told to follow the ant, he was not biased towards any 
outcome of the experiment. 

Due to the latitude and time of year, the Sun’s rate of azimuth 
movement varied dramatically throughout the day: from 
7.7° h`? at dawn and dusk up to $6.1° h` at local noon. In the 
main set of experiments (Fig. 2) the ants were divided into two 
groups: one group (1) was trained in the morning when the Sun’s 
azimuth moved slowly, and the other (2) was trained at noon 
when the Sun's azimuth moved fast. The hypothesis of linear 
extrapolation of the Sun’s movement then predicts that ants 
released 2.7 to 5.9 h after training should (1) underestimate the 
movement of the Sun and thus deviate to the right from their 
home direction, and (2) overestimate the movement of the Suan 
and deviate to the left. However, no systematic deviation was 
observed. The ants’ behaviour showed that they were compen- 
sating correctly for the movement of the Sun. 


yA tT RNR NMA AEAT he re frre reer mr a: 


1981 Macmillan Journals Lad 





732 


Nature Vol. 293 29 October 1981 





10 ff 
wan VA 





Fig.1 Walking underneath an aluminium vehicle that was moved 
with the ant, Cataglyphis foragers viewed the sky through a circular 
window (diameter 134°) covered with UV-transparent Plexiglass 
(Roehm and Haas, no. 218). In all experiments performed later 
than 17.25 h the Sun was not visible to the ant. In various control 
experiments, the vehicle was equipped with polarizers, 
depolarizers, spectral cut off filters, or screens to shield the Sun. For 
further experimental details see refs 24, 25. 


At least two control experiments are needed to substantiate 
this conclusion. First it has to be confirmed that the ants relied on 
celestial cues while navigating home. This was shown to be the 
case by screening off the Sun and depolarizing the light in the sky 
(or by using a long-wavelength cutoff filter to prevent stimula- 
tion of the UV receptors necessary for the detection of polarized 
light**). In these conditions the ants were unable to choose any 
compass direction at all (n =54). Furthermore, if a strongly 
polarized horizontal e-vector (marking the antisolar meridian) 
was displayed to the ants, for example, 90° off the true antisolar 
meridian in the sky, the ants deviated from their home direction 
by about the same angular amount when tested at a later time in 
the day (n = 16). Second, there is the possibility that the ants did 
not compensate for the Sun's movement at all, but inferred their 
home direction just from celestial cues present at the time of 
release. In principle, they could do so by observing the rotation 
of the pattern of polarized light about the north pole of the sky. 
However, they were well oriented even if they could not observe 
the pattern of polarized light but only the Sun (n >200). 
Furthermore, foraging bees in which the internal clock had been 
time-shifted'* or which had been trained at one longitude then 
tested at another (but at the same latitude)'*, did not orient in 
their true home direction as one would expect if they had 
determined true north by observing the rotation of the celestial 





sphere. Similar experiments performed with amphipods?®”” 
confirm this conclusion, 

Another series of experiments was designed to determine the 
fine structure of the ant’s internal representation of the Sun- 
azimuth curve. In these experiments the ants were kept in the 
dark for only 1 h, thus they were tested exactly 1 h after training. 
Furthermore, the experiments were done at a time of the year 
when the daily variation of the Sun’s rate of azimuth movement 
was greater (ranging from 7.3°h ' at sunrise to 68.9°h"' at 
noon) than in the experiments described in Fig. 2. As shown in 
Fig. 3, the ants underestimate the rate of movement of the Sun’s 
azimuth when it is high, and overestimate this rate of movement 
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Fig. 2 This shows how ants compensate for the movement of the 
celestial sphere. The data points (1) indicate where the ants expect 
the solar meridian to be when tested 2.7 to 5.9 h after they have last 
seen the sky during training (tr). The training and testing times are 
indicated by light and heavy shading, respectively. The two solid 
lines include the positions of the Sun's azimuth (solar meridian) for 
the period 23-29 July at Maharés, Tunisia (latitude 34.58° N, local 
noon at 12.24 h local standard time, LST). If the ants were informed 
correctly about the Sun’s movement in azimuth, that is, if they 
followed the correct home direction, the data points would lie on 
the Sun-azimuth curve, Data points are means+s.d.; s.d.= 
V2(1—r) 180/7 (deg), where r is the length of the mean vector. If 
the ants underestimated (or overestimated) the movement of the 
Sun, they would deviate to the right (left) from their home direc- 
tion. Consequently, the data points would lie below (or above) the 
Sun-azimuth curve. In both morning and noon experiments 
(indicated by shading below and above the Sun-azimuth curves, 
respectively) the ants expect the Sun in about the right position. If 
they had linearly extrapolated the Sun’s rate of movement from the 
time when they had last seen the sky, their walking directions 
would have deviated considerably from true home (see open 
symbols within the shaded areas). In each case, the latter hypo- 
thesis can be rejected (P < 0.001), as can the hypothesis that the 
ants refer to a mean rate of the Sun’s movement, that is, to 15° h 
(P <0.001, Stephens test’). C.a., Cataglyphis albicans-A°’; C.b., 
Cataglyphis bicolor; n = 153. 
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Fig. 3 Compensation errors made by the ants C. bicolor, in 
accounting for the daily movement of the Sun’s azimuth. The solid 
lines indicate the change of the Sun’s azimuth position per hour, w 
(deg h'), during the time of observation. Broken line, local noon. 
The data points (means+s.d.) represent the ants’ estimates of the 
Sun's change in azimuth position during the time of arrest (1 h) as 
deduced from the homeward courses of the ants. These estimates 
differ significantly from theoretical values (P <0.01) except those 
values at 15.34 h (n = 67). 


when it is low. Thus, their internal representation of the Sun’s 
rate of azimuth movement is a slightly smoothed version of the 
true Sun-azimuth curve. This effect was not shown by previous 
experiments (Fig. 2), in which the ants were kept in the dark for 
several hours. There, the ants trained in the morning and tested 
at noon overcompensated in the first part of their dark period 
and undercompensated in the second part, so that finally both 
effects roughly cancelled out. Similarly, the ants that were 
trained at noon and tested in the afternoon first undercompen- 
sated and then overcompensated. 

How do ants gain information about the movement of the 
Sun? Certainly, insects, unlike astronomers, do not perform 
spherical trigonometry in the sky. It is possible that they infer the 
movement of the Sun’s azimuth, that is, the movement of the 
solar or antisolar meridian marking the symmetry line of the 
pattern of polarized light, relative to their known landmark map. 
Each Cataglyphis forager leaves the entrance of its underground 
nest in a particular direction over periods of several days or 
weeks. As this orientation is governed by the landmark 
panorama around the nest, this panorama is likely to be the 
system of reference used by the insect to measure the different 
positions of the Sun’s azimuth at different times of the day. In 
addition, if the ant is able to memorize different azimuth posi- 
tions of the Sun for different times of the day, it could use this 
information to assemble an internal model of the daily azimuth- 
movement of the Sun, that is, interpolate between successive 
memorized positions by assuming that the intermediate angular 
change of the Sun's azimuth is proportional to time. This 
hypothesis is supported by the type of compensation error made 
by the ants (Fig. 3): they underestimate the highest rates of 
movement of the Sun’s azimuth and overestimate the lower 
rates. Similar experiments” with ants kept for several hours in 
the dark and released at night (when they were tested in the 
presence of an artificial light source) or on the following day 
demonstrated that the ant’s internal system of compensation is 
not restricted to the visible part of the Sun’s arc but performs a 
24-h cycle very similar to that of the Sun's azimuth. 

We thank Dr S. Rossel for his help and cooperation during 
these experiments. This work was supported by Swiss NSF grant 
3,313.78. 
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Epidermal feet in insect morphogenesis 


M. Locke & P. Huie 


The Cell Science Laboratories, The University of Western Ontario, 
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In many insects the larval cuticle pattern changes at metamor- 
phosis to one of transverse ripples, often with a shortening of the 
segments (for example, Rhodnius, Hemiptera’; Calpodes, 
Lepidoptera; Tenebrio, Coleoptera’). The orientation of these 
ripples in Rhodnius was used to discover a segmentaily repeat- 
ing gradient of positional information’. Since then there has 
been much work onthe gradient“ but little on the mechanism 
by which an epidermal cell controls the cuticle pattern that 
allows us to read its orientation in the gradient. We report here 
that in the larval/pupal transformation of Calpedes and other 
insects, the epidermis develops basal cytoskeletal extensions or 
feet, oriented in the direction of the gradient at right angles to 
the ripples. Their contraction coincides with segment shortening 
and transverse ripple formation. Epithelial cells of the 
integument are not always packed together like polygonal pay- 
ing stones as they are usually depicted, but may relate to one 
another by cytoskeletal extensions of a kind that are more 
usually reported from separate moving cells in tissue culture. 
Such epidermal feet may have general relevance in morpho- 
genesis. 

Conventional whole-mount preparations of the integument 
for light microscopy do not usually resolve fine processes such as 
the feet, although they are clearly visible in thin sections. by 
electron microscopy. We have developed a procedure to show 
the feet that gives an effect as if thousands of cells randomly 
arranged in the epithelium had each been injected with a lead 
salt visualized as black lead sulphide’. The procedure depends. 
on the fact that after brief glutaraldehyde fixation, tannic acid 
only penetrates some cells where it mordants lead ions. Indivi- 
dual cells visualized in this manner appear as if they are separate 
in a tissue culture although they are part of a closely packed — 
epithelium (Figs 1, 2). In mid-fifth instar Calpodes the feet form 
an interdigitating basal web of branched extensions joined by 
hemidesmosomes to the basal lamina and by gap junctions to 
one another. At the time of their greatest extension they are 
predominantly axially oriented and in some areas individual feet 
can be followed for as far as four cell lengths. In at least some 
cells the feet are not only axially oriented but polarized, with the 
anterior extensions being more finely divided than those point- 
ing posteriorly (Fig. 2). The polarity of the feet is pre- 
sumably a particular aspect of the orientation of the cyto- 
skeleton which may itself be related to the arrangement of basal 
bodies, as has been shown for the formation of microtrichia in 
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Fig. 1 The shape of a cell in the epidermis at E + 64 h before the initiation 
of feet. Whole mount of the dorsal integument prepared by the following 
procedure. Larvae were decapitated and the haemolymph allowed to drain. 
They were then inflated with cold primary fixative consisting of 5 g digallic 
acid neutralized with NaOH (Mallinkrodt, Tannic Acid AR powder, 1764) 
and 5 g pyrogallol in 100 ml 5% glutaraldehyde in 0.05 M phosphate buffer 
at pH 7.6. After 5 min the larvae were cut up in cold fixative and left for 2 hat 
0-4 °C. Cut pieces of integument were then cleaned of muscle and fat body 
and left for hours to days in the above mixture without glutaraldehyde. 
Cleaned pieces were brought to room temperature and transferred suces- 
sively to 0.2 M sodium cacodylate buffer at pH 7.4; 0.1 M sodium cacodylate 
buffer at pH 5.4; stock aspartate at pH 5.4 consisting of 0.988 g L-aspartic 
acid in 250 ml distilled water + 1 M KOH to dissolve and bring pH to 5.4; 
Two changes of lead staining solution consisting of 0.0666 g lead nitrate 
added to 10 ml of the stock aspartate solution having the pH adjusted to 5.4 
with KOH for 1-2 h on a gentle rotary shaker (lead acetate can also be used 
for the staining solution); Stock aspartate buffer pH 5.4 without lead; two 
changes in 0.1 M cacodylate at pH 5.4. The lead was then visualized by 10 
min exposure to 5-10% yellow ammonium sulphide before dehydration and 
mounting. Additional contrast can be obtained if needed by immersion in 
1% OsO,. 


Sarcophaga epidermis". The terminations of the feet may be as 
fine as 100 nm in diameter and can only be resolved by electron 
microscopy. They contain bundles of microtubules and 
microfilaments that are continuous with the cytoskeleton of the 
cell body. Structurally they are identical with the epidermal 
strands described from the intersegmental boundaries of 
Rhodnius by Wigglesworth” but their relationship to the epi- 
dermal extensions controlling tracheole distribution'’®'' is 
uncertain. 

There are three phases in the life of the feet: initiation, 
extension and shortening (Fig. 3). The timing of each phase 
coincides with changes in haemolymph ecdysteroid titre’’, 
Suggesting that development of the feet may be hormonally 
controlled. There are no feet at larval moults or early in the 
stadium (Fig. 1). The feet begin their growth in the fifth and last 
larval stadium with the ecdysteroid peak signalling epidermal 
commitment for pupation ({ |) (that is, after this time high 
titres of moulting hormone cause a pupal rather than a larval 
moult). The feet continue to grow during the ensuing intermoult 
phase of low but measurable and steadily rising haemolymph 
ecdysteroids (Fig. 2). The third phase of foot shortening, seg- 
ment shortening and a decrease in cell area as the cells become 
columnar, coincides with the prepupal hormone peak. 
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Fig. 2 Mid-instar larvae committed to pupation have basal processes or 

feet. In at least some cells the feet are polarized with very fine dendrites 

pointing anteriorly (Ant) and coarser structures projecting towards the 

posterior (Post) margin of the segment. Dorsolateral cells from the abdomen 
of a mid-instar larva. Preparation as in Fig. 2. 
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Fig. 3 Changes in the epidermal feet (ff) in relation to segment shape, 
cell area and haemolymph ecdysteroid titre'’ ( ) during the fifth 
stadium of Calpodes ethlius (Lepidoptera, Hesperiidae), Feet are absent 
early in the stadium. They begin to form after the commitment peak of 
ecdysteroid (| |) for pupation and grow during the intermoult period of low 
but measurable hormone from E + 84-134 h. They shorten at the beginning 
of the prepupal peak as the cell area decreases (. . . .) and the segment itself 
shortens (- -—-—), 





Artificially administered hormone mimicked the growth that 
coincided with these natural hormonal changes. Growth of the 
feet in isolated abdomens was enhanced by 1-3-day exposures 
to low titres (100-200 ng per larva) (Fig. 4), while high titres 
(2 ug per larva) caused the feet to contract as the cells became 
columnar and the segment shortened. The cytoskeleton of 
epidermal cells in situ thus responds to ecdysteroids like 
Drosophila cells in tissue culture’*''*, 

The timing of contraction of the feet coincides with shortening 
of the larval segment to its pupal form, suggesting that the feet 
are necessary for this shape change. To confirm this, isolated 
larvae that were committed to make pupae at the next moult 
were caused to lose their feet either by the injection of 2 ug of 
colchicine or by storing them for longer than 8 days. Such 
abdomens when forced to moult by the injection of 20-hy- 
droxyecdysone, formed pupae that had larval segment propor- 
tions and cuticle without transverse ripples. We conclude that 
feet are necessary for segment shortening and cuticle ripple 
formation at metamorphosis. 

The epidermal feet may have general relevance for insect 
morphogenesis'*, performing the same kind of role as the 
filopodia that extend across the archenteron of sea urchin 
embryos where they search for the appropriate surface before 
contracting to cause gastrulation’. They may often have been 
overlooked because of the difficulty of demonstrating the 
outlines of single cells that are united in epithelia. In Calpodes, in 
addition to their association with segment shortening, the feet 





Fig. 4 a, The feet shortly after their initiation. b, One day after the 

administration of 100 ng 20-hydroxyecdysone to an isolated abdomen. 

Phase contrast of dorsolateral integument with lightly stained feet 
as in Fig, 2. 
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are arranged around the dying prolegs, so that contraction may 
close the gap that is left in the integument. The feet around 
muscle insertions are often orientated towards them, suggesting 
that they may be concerned in their repositioning’. In Droso- 
phila larvae the feet have an axial orientation appropriate for 
puparium formation and in the dorsal segments of Rhodnius we 
have found feet that may be the immediate cause of segment 


shortening and cuticle ripple formation. 
This work was supported by NSERC grant A6607 to M.L. 
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Genital skin fibroblast strains have helped to identify heritable 
defects of the androgen-receptor system that cause androgen 
insensitivity (AI). Three quantitative types have been defined: 
receptor-negative’ (no or barely measurable androgen-recep- 
tor activity); receptor-deficient*” (easily measurable but less 
than normal); and receptor-positive** (activity in the normal 
range: 15-50 fmol per mg protein). As the clinical extent of Al 
cannot be correlated with receptor activity, various qualitative 
receptor defects have been sought and found, including receptor 
thermolability’ and an increased rate of dissociation of 
androgen-receptor complexes”. We report here that normal 
human genital skin fibroblasts preincubated with 5a- 
dihydrotestosterone (DHT) for 19h at 37°C have twice as 
much DHT-receptor activity as unexposed replicates (basal). 
The increase is blocked by cycloheximide; thus it is a form of 
‘up-regulation’ that is probably due to androgen-induced 
receptor synthesis. After DHT preincubation the fibroblasts 
from three subjects with three types of receptor-positive AI did 
not augment their basal activities. Such an aberrant response 
may underlie some cases of receptor-positive, steroid-resistant 
breast cancer in women’, 

In most laboratories that investigate constitutional AI at the 
cellular level, whole cell androgen-receptor activity is routinely 
assayed by preincubating confluent fibroblast monolayers in 
serum-free medium (SFM) overnight and then exposing them to 
*H-DHT in SFM at 37°C for about 60 min; that is, until 
saturation of the specific (high-affinity) androgen receptor 
binding sites occurs*™. 

Our study was designed to determine whether normal genital 
skin fibroblasts could adapt to the presence of androgen in their 
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medium by increasing their androgen-receptor activity, and to 
assess whether fibroblasts from receptor-positive. androgen- 
insensitive subjects could adapt in the same way. We determined 
this in two ways. 

Table 1 presents the data obtained when the fibroblasts were 
fed SFM containing 3nM *H-DHT 19h before initiating a 
standard 1-h assay by refeeding the monolayers with a fresh 
batch of SFM containing 3nM *H-DHT. Fibroblast strains 
derived from foreskin and labium majus skin behaved identi- 
cally, there being a doubling in DHT-receptor activity, and the 
variation within each group was independent of the chronologi- 
cal age of the donors from whom the primary skin explants were 
obtained, or the in vitro age (mean population doubling level) of 
the strains at the time of assay. 

Table 2 presents the data obtained when the fibroblasts were 
preincubated with 10 nM radioinert DHT and then had their 
DHT-receptor activities determined by a 2-h *H-DHT 
exchange assay. The degree of augmentation in the control 
strains was the same as that observed in Table 1, indicating: (1) 
that the degree of augmentation is independent of the initial 
preincubation DHT concentration in the range of 3~10 nM; and 
(2) that the augmented DHT-receptor activity is qualitatively 
the same as the basal activity that is measured in the routinel-h 
assay without DHT preincubation. The latter indication is 
supported by the facts that the *H-DHT-receptor complexes 
formed in the basal and augmentation conditions have the same 
rate constant of dissociation (640.3 x 107 min; ¥+s.e.m.); 
and that augmentation is blocked by the protein synthesis 
inhibitor, cycloheximide. We do not yet know whether cyclo- 
heximide is blocking an increased rate of receptor synthesis 
or causing a decreased rate of receptor degradation, or doing 
both. 

In contrast to the adaptive behavicur of the control strains, 
fibroblasts from three subjects with receptor-positive Al failed 
to augment their DHT-receptor activities after DHT prein- 
cubation (Table 1). 

Subject TC was born with ambiguous external genitalia and 
reared as a male with corrective surgery. He has one affected 
sibling and four other maternally related affected relatives, all of 
whom have been reared as females. He thus has a form of partial 
Al that is probably determined by a mutation at the X-linked 
locus that codes for the androgen receptor in man`’, mouse’ 
and, almost certainly, all mammals’*. We have previously shown 
that the fibroblasts of TC form a normal number of androgen- 
receptor complexes during a 1-h assay at 37 °C and that these 
complexes are not only thermolabile when assayed at 42 °C, but 
also dissociate three times faster than normal’ at 37°C. 

Subject 14679 was also born with ambiguous external geni- 
talia. He has no other affected relatives and his capacity for 
testosterone biosynthesis is normal under human chorionic 
gonadotropin (hCG) stimulation. His DHT-receptor complexes 
show neither the thermolability nor the dissociative defect seen 
in TC. Thus, the failure of his fibroblasts to up-regulate 
represents the only in vitro marker available for this type of 
partial AI. If his mutation is X linked as weil, this marker will be 
useful for determining whether his mother (and perhaps her 
female relatives) are heterozygous carriers by searching for 
the cellular mosaicism among their fibroblasts that is expected 
from random X-chromosome inactivation (the Mary Lyon 
hypothesis). 

The fact that TC shares only his up-regulatory defect with 
14679 indicates that different mutations are responsible for 
their respective states of partial AI, which are clinically very 
similar. 

Subjects KI, RE, NH and JR have the classical clinical 
phenotype of complete AI (formerly ‘complete testicular 
feminization’). KI has no affected relatives; her testosterone 
biosynthetic capacity was ascertained to be normal under hCG 
stimulation. Her fibroblasts form normal amounts of DHT- 
receptor complexes at 37°C. These complexes are more ther- 
molabile than those of TC when assayed at 42°C, but they 
dissociate at an equally abnormal rate’~’. 
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Fable 1 Specific *H-DHT-receptor activity after no or 19-h preincubation with 3 nM *H-DHT in fibroblasts from 10 control subjects and 6 with four different types of 
androgen resistance 


na ent A rT AAR RAIA A ane A bt AREER A NEHER e HT e w hater ah atti btn th torn restr ai AURA paahi een ea ARTY AAAA reha aN Grip RMD AANT iAT he ARAM errr Ser ALR bl hier i rta: 
eerie! 


*H-DHT-receptor activity (fmol per mg protein) 


Preincubation with DHT ih) 


Type Strain 6 19 (cycloheximide) 19/0 No.; range} 
Control XAF* 23.6 45.6 1.9 +. 1.6~2.6) 
40 65 (28) 
SISF 23.5 53.5 2.3 (2; 1.9-2.8) 
30 59 i21) 
PUF 15 38 2.5 
LCF 15 31 i9) 2.0 
F70478 21.5 56.5 2.6 (2: 2.5-2.7) 
F80044 19.5 50 2.5 (2; 2.3-2.8) 
F80055 27 53 1.9 
L12 30.5 59 1.9 (2; 1.9-1.9) 
L26 23 52.5 2.3 (2, 9-2.7) 
L32 12 25.5 2.1 {(2;,2.0-2.2) 
14 3} (14) 
Receptor-positive partial Al 
Type 1, TCF 29 24 0.87 (4; 0.63-1.0)* 
Type 2, F14679 36.7 33.5 0.91 (4; 0.65-1.05)7 
Receptor-positive complete Al 
KIL 24 16 0.67 (2; 0.60-0.75) 
Receptor-negative complete Al 
REL <3 <2 — (2) 
NHL <2 <2 we (2) 
JRL <2 <2 — (2) 





Genital skin fibroblast monolayers were grown to confluence in Eagle’s minimal essential medium made with Earle’s salts and supplemented with 2 mM glutamine, 1 mM 
pyruvate, |< non-essential amino acids and an equal mixture of newborn and fetal calf serum (10%, v/v). Nineteen h before assay, replicate monolayers were washed free 
of growth medium, divided into three groups and fed: medium I, SFM (additionally buffered to pH 7.4 with 15 mM HEPES, 2N-hydroxyethylpiperazine-2-N’- 
ethanesulphonic acid); medium H, SFM with 3 nM (1, 2, 4, 5, 7-*H |Sa-dihydrotestosterone (130 Ci mmol”'; NEN}; or medium IHI, medium II plus 0.6 uM radioinert 
DHT. At the time of assay, triplicate monolayers in group I (0 h DHT preincubation) were washed and fed either medium H (to measure ‘total’ binding) or medium ITI (to 
measure ‘nonspecific’ binding). Likewise, triplicate monolayers in groups H and IH were refed media I and HI respectively to measure total and nonspecific binding after 
19 h DHT preincubation. In some experiments, 2 pM cycloheximide (Sigma) was present in replicate cultures during both the preincubation and assay periods. The assay 
was terminated 1 h later and thereafter the cells were handled® and sampled for protein and radioactivity’ as described in detail previously. DHT-receptor activity is stable 
in cells preincubated in the absence of androgen for at least 72 h before assay*'*'°. Not more than 25% of the initial 3 nM °H-DHT is metabolized during a 1-h assay at 
37° C (refs 6, 14). The equilibrium dissociation constant (K,) of the androgen—receptor activity in genital skin fibroblasts is ~1 nM'°*. The individual results on replicate 
monolayers in both the total and nonspecific groups seldom differ from their respective means by > 10%. Nonspecific binding (receptor activity} is seldom > 10% of total 
binding. The control strains were derived from pieces of foreskin or labium majus skin donated by normal volunteers with informed consent according to protocols 
approved by the Ethics Committee of the Hospital. Basic information on the strains derived from JR'®, RE, NH and KI’ has been provided previously, as have the data 
defining the thermal and dissociative androgen-receptor defects in the fibroblasts of KI and TC, and the dissociative behaviour of normal androgen~receptor complexes”. 

* Codes containing the letter F or L indicate strains originating from foreskin or labium majus skin respectively. 

t Each of the 10 experiments performed on the strains from TC, 14679 and KI included at least one from a control subject. In none of these experiments did the activity of 


a mutant strain after DHT preincubation exceed the value measured after no preincubation. 


The fact that TC and KI share their up-regulatory defect with 
14679, but not their thermolability and dissociative defects, 
indicates that the former defect is functionally independent of 
the latter two. Indeed, assuming that there is a structural domain 
on the receptor protein that is essential for the androgen- 
receptor complex to interact with chromatin as a signal for 
up-regulation, we speculate that the mutation of 14679 affects 
that domain specifically, while those of TC and KI affect both the 
former and the hormone-binding site. Alternatively, the muta- 
tion of 14679 may be at the chromatin acceptor site, or at some 
more distal (post-receptor) step in the molecular apparatus 
underlying target cell responsiveness to androgen. | 

RE, NH and JR all have positive family histories typical of 
X-linked recessive inheritance. Their fibroblasts have no or 
severely deficient DHT-receptor activity, which is not aug- 
mented by DHT preincubation. Thus, if their respective muta- 
tions are of the regulatory (rather than structural) type, then 
none is vulnerable to up-regulation as defined herein. 

We do not know the extent to which the up-regulation defect 
(we have defined In vitro) is responsible for the clinical pheno- 
types of subjects TC and KI, nor whether it can, by itself, explain 
the phenotype of subject 14679. For example, in the case of 
14679, it is simple to imagine that normal up-regulation is 
developmentally important, if one accepts that cyclical or other 
physiological fluctuations in the level or availability of free DHT 
may confer an adaptive advantage on target cells that are able to 
increase their androgen-receptor activity in response to DHT. 
However, as we have not studied the behaviour of these mutant 
cell strains at every level of the androgen response system, the 
answers to these questions remain incomplete. 

Finally, we can interpret our data on the three subjects with 
receptor-positive AI as follows: in the absence of androgen, the 


balance of processes that regulates the synthesis and degrada- 
tion of the androgen receptor protein in their genital skin 
fibroblasts is normal]; in the presence of androgen, the balance 
becomes abnormal. 

We thank Dr R. L. Tipton for sending us strain F14679 for 
study. This work was supported by a grant from the MRC of 
Canada. 





Table 2 Specific °H-DHT-binding activity measured by a 2-h “H-DHT exchange 
assay after a 1- or 20-h preincubation with 10 nM radioinert DHT in fibroblasts 
from three control subjects and one with presumptive androgen insensitivity 


*H-DHT-receptor activity (fmol per mg protein) 


Strain Preincubation with DHT (h) 

Q i” 20 20+ 201/0 
SISF 30 15 32 64 21 
L26 36 20 34 61 1.7 
Fi778 30 18 35 58 1.9 
F60979¢ 20 11 27 49 2.4 





Replicate monolayers were divided into three groups and preincubated as 
follows: (1} SFM alone for 20 h; (2) SFM for 19 h, then SFM with 10 aM radioinert 
DHT for 1 h; (3) SFM with 10 nM DHT for 19 h, then the same medium for 1 h. 
The preincubation period was terminated by washing all the monolayers exten- 
sively before initiating the 2-h exchange assay with 3 nM *H-DHT. All subsequent 
steps were performed as described in Table 1 legend. 

* The values observed after preincubation with radioinert DHT for 1 h are about 
one-half those observed after no DHT preincubation. This confirms the fact? that 
DHT-receptor complexes dissociate with a f; = 2 h, a value equivalent to the rate 
constant of dissociation k, = 6+0.3* 1074 min” 5. 

+ Values calculated from the values observed after 0, 1 and 20 h preincubation 
with radioinert DHT on the basis that the augmented level of DHT-receptor 
complexes also has a f,,. = 2h. Thus 207 = 20(0/1%). 

+ This strain, derived from a subject with a clinical diagnosis of Al, up-regulates 
normally; thus we still do not have an in vitro marker of the molecular defect that is 
responsible for his particular type of androgen-resistant state. 
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Studies on hypophysectomized rats have suggested that testi- 
cular androgen production may be locally autoregulated via an 
ultra-short loop negative feedback mechanism’’. Conclusive 
demonstration of this phenomenon in vitro has been hampered 
by lack of a functional testicular cell culture and the use of native 
androgens which are subject to extensive metabolism and inter- 
fere with measurements of endogenous androgens. We have 
now used a recently developed primary culture of rat testicular 
cells? and synthetic steroids, and report that a synthetic 
androgen (R1881)* decreases, whereas a synthetic anti- 
androgen (cyproterone acetate)* increases, the gonadotropin- 
stimulated accumulation of testosterone in vitro. Furthermore, 
cyproterone acetate antagonized the inhibitory effect of R1881 
on the accumulation of testosterone. In contrast, R5020 (ref. 6), 
a highly specific and metabolically stable progestin, did not 
affect the gonadotropin-stimulated accumulation of testos- 
terone. These findings are the first in vitro demonstration of 
local autoregulation of testicular androgen production and 
suggest that the intratesticular negative feedback action of 
androgens may be mediated by specific testicular androgen 
receptors. 

The direct effects of R1881 and cyproterone acetate on the 
human chorionic gonadotropin (HCG)-stimulated accumula- 
tion of testosterone by testicular cells were investigated in vitro’. 
Treatment with HCG (10 ng ml‘) resulted in a 40-fold increase 
in the accumulation of testosterone over untreated controls (Fig. 
1), whereas treatment with R1881 or cyproterone acetate by 
themselves had no effect on the basal accumulation of testo- 
sterone (Table 1). Concomitant treatment with increasing 
concentrations (10°-107* M) of R1881 led to dose-dependent 
decreases (up to 74%) in the HCG-stimulated accumulation of 
testosterone with a median effective dose (ED...) of 5.6+0.3 x 
10°°M. In contrast, concomitant treatment with increasing 
concentrations (10° °-10-* M) of cyproterone acetate resulted in 
a biphasic effect, whereby lower doses (10°-°-10~° M) increased 
the HCG-stimulated accumulation of testosterone. The ED so 
for the stimulatory effect of cyproterone acetate was 2.8 + 0.2 x 
10°’ M. Higher doses (10°°-10°* M) of cyproterone acetate 
were less effective in increasing the HCG-stimulated accumula- 
tion of testosterone, although 10°°M doses still caused 
increases of 59%. In addition, treatment with cyproterone 


* Present address: Department of Obstetrics and Gynecology, University of Maryland School 
of Medicine, Baltimore, Maryland 21201, USA. 


Testosterone accumulation 
(ng per culture) 





ior We p 
HCG plus steroid (M) 


Fig.1 Effects of treatment with R1881 (W), cyproterone acetate 
(O) or R5020 (O) on the HCG-stimulated accumulation of testo- 
sterone by rat testicular cells. Cells (2 x 10° viable cells per dish) 
were obtained from adult (50-—70-day-old) hypophysectomized 
male rats and cultured without treatment for 10 days, media being 
replaced every 2 days’. Leydig cell representation on day 10 of 
culture (as determined by histochemical staining for 38-hydr- 
oxysteroid dehydrogenase) ranges from 10 to 30% of the total cell 
number. At the end of 10 days, the cells were reincubated for 2 
additional days in the presence or absence of HCG (CR-121, 
13,450 IU mg `) and increasing concentrations (10 “9_107* M) of 
R1881 (methyltrienolone, Roussel-Uclaf), cyproterone acetate 
[17a@-acetyloxy -6-chloro- 1,2-dihydro-(18,28)-3'H-cyclopropa- 
(1,2)pregna-1,4,6-triene-3,20-dione] (Schering) or R5020 
(promegestone, Roussel-Uclaf). Media testosterone content was 
measured by radioimmunoassay. Data points represent mean+ 
s.e., n = 4. None of the test compounds used cross-reacted with the 
testosterone radioimmunoassay (data not shown), Measurements 
were further validated by the demonstration of comparable testos- 
terone levels in representative unextracted, ether-extracted and 
HPLC samples. Testosterone (ng mi’) measurements in unex- 
tracted, ether-extracted and HPLC samples were 6.22, 6.01 and 
6.1 for cells treated with HCG, 9.38, 9.51 and 9.76 for cells treated 
with HCG + cyproterone acetate (10~° M) and 3.24, 3.05 and 3.14 
for cells treated with HCG +R1881 (10°° M). HPLC was per- 
formed with an ALTEX, reverse-phase column, using aceto- 
nitrile/water (40:60) as the mobile phase. Similar results were 
obtained using celite chromatography as previously described’”, 


acetate partially blocked the R1881 (5.6 10~° M)-induced 
inhibition of the HCG-stimulated accumulation of testosterone 
as indicated by 2.36- and 0.32-fold increases in the accumula- 
tion of testosterone by cells treated with 10° and 10° M of 
cyproterone acetate (Table 1). In direct contrast to the modula- 
tory effects of the androgen and antiandrogen, concomitant 
treatment with increasing concentrations of R5020 (10°*- 
107% M) had no effect on the HCG-stimulated accumulation of 
testosterone. 

Additional studies were performed to examine the direct 
effects of R1881 and cyproterone acetate on the choleragen and 
dibutyryl [(Bu)2-] cyclic AMP-stimulated accumulation of 
testosterone (Table 2). Treatment of testicular cells with 
choleragen (10 ng ml‘) and (Bu)2-cyclic AMP (0.5 mg ml‘) led 
to 60- and 70-fold increases in the accumulation of testosterone, 
respectively. Concomitant treatment with R1881 (10°-° M) 
inhibited both the choleragen-stimulated accumulation of 
testosterone (by 62%) and the (Bu).-cyclic AMP effect (by 
97%). In contrast, concomitant treatment with cyproterone 
acetate (10° M) increased the choleragen-stimulated accumu- 
lation of testosterone by 133%, whereas 3 x 10°° M of cypro- 
terone acetate doubled the (Bu),-cyclic AMP effect. As in the 
case of HCG, a higher dose (10° M) of cyproterone acetate was 
less effective in increasing the choleragen- and (Bu),-cyclic 
AMP-stimulated accumulation of testosterone. 

The cellular mechanisms whereby androgens regulate their 
own production are unknown. However, the ability of R1881 
and of cyproterone acetate to modulate the (Bu).-cyclic AMP- 
stimulated accumulation of testosterone suggests that their 
effect is exerted, at least in part, distal to the generation of cyclic 
AMP. Although the exact site of autoregulation remains 
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Table 1 Effects of treatment with cyproterone acetate (CPA) on 
R1881-induced inhibition of HCG-stimulat accumulation of testo- 
sterone by rat testicular cells 





Testosterone 
accumulation 
Treatment (ng per culture} 

None 0.04+ 0.006 
CPA (107° M) 0.03 + 0.004 
R1881 0.03 +0.002 
CPA (107° M)+ R1881 0.050.005 
HCG 3.74+0.4 
HCG + R1881 | 0.58+0.07* 
HCG +R1881+CPA (107° M) 1.95+0.27 
HCG + R1881+CPA (107° M) 0.77+0.1+ 


Testicular cells were cultured for 10 days as described in Fig. 1 legend. 
The cells were then reincubated for 2 additional days in the presence or 
absence of HCG (10 ngml™'), R1881 (5.6x10°°M), cyproterone 
acetate or combinations thereof. Data points represent mean<s.e., 
n= 4, 

* Significantly different from cells treated with HCG {P <0.01). 

t Significantly different from cells treated with HCG plus R1881 
(P<0.05). 


uncertain, androgens may exert acute and direct competitive 
inhibition at the level of the steroidogenic enzyme 178-hydr- 
oxysteroid dehydrogenase’. However, no such instantaneous 
end-product inhibition could be demonstrated during a 3-h 
incubation using an enriched Leydig cell suspension’. 

That cyproterone acetate is also endowed with progestational 
activity’ and that R1881 binds equally well to specific androgen 
and progestin binding sites"? in the rat prostate and rabbit 
uterus respectively suggest that the effects of R1881 and cypro- 
terone acetate on testicular steroidogenesis may be mediated 
through progestin receptors, However, our findings that R5020 
had no effect on testicular steroidogenesis argue strongly against 
the possibility that progestin receptors participate in the 
autoregulation of testicular androgen production. In contrast, 
the opposing effects of R1881 and cyproterone acetate suggest 
that autoregulation of testicular androgen production involves 
specific androgen receptors. This notion is further supported by 
our finding that cyproterone acetate can partially antagonize the 
R1881-induced inhibition of the HCG-stimulated accumulation 
of testosterone. Indeed, specific androgen receptors have been 
demonstrated in both Leydig'®"’ and Sertoli'*:'* cells. However, 
because both cell types are present in the testicular cell culture 
used here, one cannot exclude the possibility that the effect of 


Table 2 Effects of treatment with R1881 or cyproterone acetate 
(CPA) on the choleragen and (Bu)2-cyclic AMP-stimulated accumula- 
tion of testosterone by rat testicular cells 


Testosterone 

accumulation 

Treatment (ng per culture) 

None 0.04+0.01 
Choleragen 2.4+0.2 
Choleragen + R1881 (107° M) 0.9+0.1* 
Choleragen + CPA (107° M) 5.6+0.4* 
Choleragen+ CPA (107° M) 3.6+0.1* 
(Bu),-cyclic AMP 2.5+0,3 

(Bu)>-cyclic AMP + R1881 (107° M) 0.1+0.01+ 
(Bu)>-cyclic AMP + CPA (3 x 107° M) §.0+0.3+ 
(Bu)2-cyclic AMP + CPA (107° M) 3.140.4+ 


Testicular cells were cultured for 10 days as described in Fig. 1 legend. 
The cells were then reincubated for 2 additional days with choleragen 
(10 ngml~') or (Bu)2-cyclic AMP (0.5 mgmI~') in the presence or 
absence of R1881 or cyproterone acetate. Data points represent mean 
+s.e.,n =Å, 

* Significantly different from cells treated with choleragen (P< 0.01). 

+ Significantly different from cells treated with (Bu)2-cyclic AMP 
(P<0.01). 


androgens on testicular steroidogenesis involves cell types other 
than the Leydig cell. 

Our findings provide the first conclusive in vitro evidence for 
the existence of local autoregulation of testicular androgen 
production. Similar autoregulatory mechanisms have been 
reported in other steroidogenic tissues such as the adrenal'*!° 
and the corpus luteum’®. In keeping with previous in vivo 
observations’, testicular androgens seem to regulate their own 
production via an _ ultra-short loop negative feedback 
mechanism. This arrangement probably serves to limit androgen 
production in the face of inappropriate testicular stimulation 
and may therefore partake in desensitization". Local 
autoregulation of androgen production may also account for the 
in vitro findings'* that reduction of testosterone accumulation 
through binding to plasma macromolecules increases testos- 
terone secretion of perfused rabbit testes. It is tempting to 
speculate that autoregulation of testicular androgen production 
may be important in maintaining an optimal intratesticular 
androgen environment for spermatogenesis. 

We thank Dr S. S. C. Yen for his support, Dr J. P. Raynaud 
(Roussel-UCLAF) for providing R1881 and R5020, Schering 
Corporation for cyproterone acetate, Center for Population 
Research, NICHHD, for highly purified HCG, B. Hopper, K. 
Nakamura, L. Tucker and C. Fabics for technical assistance and 
Ms C, Yoza for typing the manuscript. This work was supported 
in part by NIH research grant HD-14084, HD-15667 and 
program project grant HD-12303. 
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LH and catecholamines in hens 
is mediated by a-adrenergic receptors 


R. P. Moudgal & M. N. Razdan 


Department of Animal Production Physiology, 
Haryana Agricultural University, Hissar-125004, India 


In the domestic hen, ovulation is preceded by an increase in 
plasma levels of luteinizing hormone (LH)'’, but the local 
events within the ovary which lead to follicular rupture are not 
clearly understood. The mechanism of ovulation is thought to 
involve enzymatic activity’, morphological change in the stigma‘ 
and neuromuscular activity modulated by a-adrenergic recep- 
tors*%. The administration of anti-adrenergic drugs in vivo 
inhibits ovulation®’, while the largest ovarian follicles contain 
high concentrations of noradrenaline and adrenaline, and low 
levels of dopamine”. We have now examined the possibility that 
these catecholamines, in addition to LH, are involved in the 
ovulatory process at the ovarian level. We found that 
noradrenaline and adrenaline induce ovulation independently 
of LH and that this action is mediated through a-adrenergic 
receptors at the follicle level. Dopamine does not seem to have 
any direct role in this process. 
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Table 1 Effects of incubation with various compounds on hen 





follicular ovulation 
No. of 
immature No. of 
follicles follicles 
Treatment incubated ovulated 
Control 7 0 
LH (50 ug) 7 7 
LH (50 pg)+ 6 0 
phenoxybenzmine (107 *M) , 
LH (50 aa (1077 M) 7 6 
Adrenaline (19° 6 6 
Adrenaline (107 ie 4 6 
phenoxybenzamine (1074M) 
Adrenaline (107° M+ 6 0 
tolazoline (10 | 4M) 
Adrenaline (107 M) + 8 6 
propranolol (107 f M) 
Noradrenaline (10 ; M) 8 6 
Noradrenaline a0 5M) + 6 0 
tolazoline (1074 M) 
Dopamine (107° M) 6 0 





Ovarian follicles were taken from hens laying regular 
sequences of more than three eggs and incubated in vitro to 
investigate the effect of LH and catecholamines on ovulation. 
Only the largest ovarian follicle in a follicular hierarchy was used 
and was estimated to be approximately 24 h from ovulation as 
indicated by the presence of the preceding ovum in the magnum. 
The follicles were removed from the donor hens immediately 
after the first egg of a sequence had been laid. 

Single follicles were incubed at 41 °C for 12 h in 15 ml blood 
serum collected from immature male White Leghorn birds. 
Iproniazid phosphate (107° M) and tropolone (107° M) were 
added to the incubation medium to block monoamine oxidase’ 
and catechol-O-methyltransferase’’ activities a few minutes 
before the addition of the follicles. LH (NIH-B10), noradrena- 
line and adrenaline (Sigma) were added 25 min after the addi- 
tion of the adrenergic blockers. Details of the incubations and 
the observations recorded are given in Table 1. 

Ovulation was induced by LH and this action was inhibited by 
the presence of phenoxybenzamine, an a-adrenergic receptor 
blocker, in the incubation medium, but not by propranolol, a 
B-adrenergic receptor blocker. Adrenaline and noradrenaline 
also induced ovulation and this action was blocked by 
phenoxybenzamine or tolazoline, another a-adrenergic recep- 
tor blocker, but not by propranolol. Dopamine at the dose used 
did not induce ovulation. 

The present study shows that noradrenaline and adrenaline, 
acting via an a-adrenergic mechanism, contribute to the process 
leading to ovulation of a follicle. Furthermore, LH is unable to 
induce ovulation if ovarian a-adrenergic receptors are blocked. 
It is thus probable that LH interacts with noradrenaline or 
adrenaline at the target site to induce ovulation. Indirect evi- 
dence suggests that catecholamines are also involved in the 
induction of ovulation in humans, rabbits, sheep and cats'’~™*. 
Our results provide direct evidence in this regard and our 
findings, although based on experiments with avian follicles, 
could have implications for other species. 


Received 15 April; accepted & September 1981. 


1. Furr, B. J. A., Bonney, R. C., England, K. J. & Cunningham, F. J. J. Endecr. $7, 159~169 
(1973). 
2. Wilson, S. C. & Sharp, P. J. J. Reprod. Fert, 35, 561-564 (19734. 
3. Nakajo, S., Zakaria, A. H. & Imai. K. J. Reprod. Fert. 34, 235~240 11973), 
4. Nalbandov, A. V. in Control of Ovulation (ed. Villee, C. A.) 122--132 (Pergamon, London, 
1961). 
5. Soliman, K. F. A. & Walker, C. A. Gen. comp. Endocr. 30, 372-377 (1976). 
6. Ferrando, G. & Nalbandov, A. V. Endocrinology 88, 38-42 (1969), 
7, Kao, L. W. L. & Nalbandov, A. V. Endocrinology 90, 1343-1349 (1972). 
8. Moudgal, R. P. thesis, Haryana Agricultural Univ., Hissar, India (1981). 
9. Spector, §., Shore, P. A. & Brodie, B. B. J, Pharmac. exp. Ther, 128, 15-21 (1960). 
10. Garg, B., Buckner, C., Sokoloski, T. & Patil, P. N. Pharmacologist 12, 306 (1970). 
11. Continho, E. M. & Maia, H. S. Nature new Biol, 238, 94-96 (1971). 
12. Virutamasen, P., Hickok, R. L. & Wallach, E. E. Fert. Steril. 22, 235-243 (1973). 
13. O'Shea, J, D. & Phillips, R. E. Biol. Reprod. 10, 370-379 (1974), 
14. Rocereto, T., Jacobwitz, D. & Wallach, E. E. Endocrinology 84, 1336-1341 (1969), 





0028-0836/8 1 /440739-—03$01.00 





Potassium depletion decreases 
the number of *H-ouabain 
binding sites and the active 

Na-K transport in skeletal muscle 


Aage Nørgaard, Keld Kjeldsen & Torben Clausen 


Institute of Physiology, University of Aarhus, 8000 Aarhus C, 
Denmark 


During potassium depletion in rats, the skeletal muscles lose 
potassium and gain sodium, whereas the Na-K contents of the 
liver’, brain, cerebrospinal fluid’’, erythrocytes and heart“ 
remain virtually constant for several weeks. Since the selective 
loss of potassium ions from the muscles may result from inhibi- 
tion of the active Na-K transport’, it is of interest to determine 
whether potassium depletion is associated with a reduced 
capacity for Na-K pumping. This study explores this possibility 
with measurements of *H-ouabain binding and “K uptake in 
soleus and extensor digitorum longus muscles obtained from 
rats or mice during potassium deficiency induced either by 
K-free diet, a diuretic or a potassium-binding resin, Potassium 
depletion leads to a pronounced (up to 78%) and reversible 
decrease in the total number of *H-ouabain binding sites and a 
reduced capacity for Na-K pump-mediated “K uptake. This 
decrease in the number of functional Na-K pumps may be of 
importance for the selective loss of potassium from skeletal 
muscle and its maintenance during potassium depletion, 
Furthermore, it favours the redistribution of digitalis glycosides 
from the periphery to the heart and provides an expianation for 
the increased digitalis toxicity seen in patients suffering from 
chronic potassium depletion. 

All experiments were performed using fed female Wistar rats 
(60-240 g) or NMRI mice {25-40 g). Potassium deficiency was 
induced by maintaining the animals on Altromin pellets 
containing 0.75 mmol K per kg and distilled water. In some 
experiments, a more rapid depletion was achieved by combining 
this fodder with the oral administration (via a polyethylene tube) 
of bumetamide (250 mg per kg body weight per day) or a 
potassium-binding resin (Resonium A 1,000 mg per kg per day). 
K repletion was induced by the oral administration of a 4M KC! 
solution three times daily (36 mmol per kg per day). 

Soleus and extensor digitorum longus muscles were dissected 
out as described previously®’ and equilibrated in Krebs-Ringer 
bicarbonate buffer under continuous gassing with a mixture of 
95% O, and 5% COQ). In the experiments with mice and young 
rats (60-70 g), the whole muscle was incubated. To ensure 
adequate oxygenation in the experiments with muscles from 
larger rats, the lateral segments of the soleus muscles were 
carefully dissected out and incubated as described elsewhere’. It 
has been shown that such muscle Segments maintain almost 
normal ATP contents for 2 h in vitro”. Control experiments with 
65 and 100 g rats showed that in muscle segments, the number of 
°H-ouabain binding sites per g wet weight was the same as in the 
intact muscles (difference 2.4%, eight controls and eight trial 
observations). 

The total number of *H-ouabain binding sites was determined 
by measuring the specific (displaceable) binding of “H-ouabain 
after 2 h of incubation in potassium-free Krebs-Ringer bicar- 
bonate buffer containing 5mM D-glucose’. The Na-K 
contents of tissues, packed erythrocytes and plasma were 
determined by flame-photometry of trichloroacetic acid 
extracts’’*, and K uptake mediated by the Na-K pump was 
measured as described elsewhere’? 

In both rats and mice, maintenance On a potassium-deficient 
diet induced a rapid reduction in the potassium content of 
plasma and skeletal muscle (Fig. 1). In contrast, the brain lost no 
potassium, and in the heart, only modest losses were observed 
after 3~4 weeks. The erythrocytes and the liver showed virtually 
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Table 1 Effect of potassium depletion and repletion on Na-K pump-mediated “*K uptake and the number of *H-ouabain binding sites in rat 
soleus muscle | 








“°K uptake *H-ouabain binding K uptake 
(umol per g wet sites (ions per ouabain 
wt per min) (pmol per g wet wt) binding site per min) 
Controls 0.377 + 0.034 (10) 254+17 (6) 1,484+ 249 
P<0.001 P<0.001 
K-depleted for 3 weeks 0,154+0.011 (10) 72+4 (8) 2,139 +288 
P<0,05 P<0,001 
K-depleted for 3 weeks, repleted for 1 day 0.197 + 0.009 (4) 107 + § (16) 1,8414179 





Rats weighing 130-170 g were maintained on potassium-deficient diet for 3 weeks. One group was given KCI (36 mmol per kg body weight) and the 
remaining kept on the potassium-deficient diet. The lateral segments of the soleus muscles were incubated in Krebs—Ringer bicarbonate buffer 
containing 5 mM D-glucose for 75 min. After this equilibration period, during which the muscles from the K-deficient animals regained K to 96% of 
the control level, the tissues were transferred into tubes containing the same buffer without or with ouabain (1077 M). After an equilibration period of 


15 min, a trace amount (0.2 wCi ml”*) of ŽK was added and the amount of “*K taken up during the following 20 min of incubation determined as 


_ described previously'*’ 


. The ouabain-suppressible component of **K uptake was calculated as the difference between the uptake measured in the 
p p 


absence and the presence of ouabain. The results are given as mean values +s.e. with the number of observations in parentheses. 


no decrease in potassium content after 4 weeks on potassium- 
deficient fodder. After 3-4 weeks of depletion, potassium levels 
in the gastrocnemius muscle and plasma appear to reach a 
plateau which is maintained for up to 8 weeks. In the soleus and 
extensor digitorum longus muscles, the relative falls in potas- 
sium content were of similar magnitude to those in the gastroc- 
nemius. Concomitantly, the muscles gained an equivalent 
amount of sodium. 

Figure 2 illustrates the effect of potassium depletion on the 
total number of *H-ouabain binding sites in rat soleus. Within 3 
days there is a significant reduction, lasting for up to 8 weeks. In 
young rats (60-70 g) the combination of potassium-deficient 
diet and Resonium A for 1 week reduced the total number of 
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Fig.1 Time course of the changes in potassium contents of tissues 
and plasma during potassium-depletion. Rats (110-240 g} were 
maintained on potassium-deficient diet (Altromin) for the periods 
indicated. Blood samples were withdrawn from the carotid artery 
under light ether anaesthesia, collected into glass tubes wet with a 
heparin solution (301U ml `?) and centrifuged. Tissue samples 
were taken immediately after decapitation, homogenized in 5% 
trichloroacetic acid and centrifuged. The potassium and sodium 
contents of the plasma and the trichloroacetic acid extracts were 
determined by flame photometry using a Radiometer FLM 3 flame 
photometer with lithium as internal standard. Each point 
represents the mean of 2-14 observations with bars denoting s.e., 
where this exceeds the size of symbols. 


*H-ouabain binding sites in whole intact soleus and extensor 
digitorum longus muscles by 38.5 and 33.7% respectively (P < 
0.001; four groups of four observations). In mice, which were 
maintained on potassium-deficient diet and potassium-binding 
resin or bumetamide for 1 week, the total number of *H-ouabain 
binding sites in soleus and in extensor digitorum longus muscles 
were decreased by 22.5 and 41.2% respectively (P <0.05 and 
<0.001; three groups of five observations). 

The effect of potassium depletion (3 weeks) on the number of 
*H-ouabain binding sites was also assessed in experiments with 
higher concentrations of ouabain or longer incubations. With 1, 
2 or §5x10°°M *H-ouabain, the decrease in the number of 
binding sites was 65.9, 78.3 and 63.5% respectively (six groups 
of six observations), With incubation periods of 120 and 
360 min, the decrease was 65.5 and 52.8% respectively (four 
groups of four observations). 

After 3 weeks of potassium depletion, the readministration of 
potassium increased the number of ouabain binding sites at a 
somewhat slower rate than the recovery of plasma and muscle 
potassium. As shown in Fig. 3, the control level of binding sites 
was not reached even after 4 days of potassium administration. 

Potassium depletion also reduced the ouabain-suppressible 
(Na-K pump mediated’’) *’K uptake, but, as shown in Table 1, 
the relative decrease is not as pronounced as the drop in the 
number of ouabain binding sites. Following 1 day of potassium 
repletion, the rise in the number of ouabain binding sites is 
associated with a smaller increase in the ouabain-suppressible 
“K uptake. The increased number of “*K ions pumped per 
*H-ouabain binding site in the muscles obtained from potas- 
sium-depleted or potassium-depleted/repleted animals is 
possibly the result of the intracellular Na levels remaining 
somewhat elevated, even after the pre-equilibration period in 
vitro. 

This study confirms the finding of a selective loss of potassium 
from skeletal muscles during potassium depletion. The major 
new finding is that this is associated with a pronounced drop in 
the total number of *H-ouabain binding sites. Since almost the 
same relative decrease was found using longer incubation or a 
five-fold range of ouabain concentrations, it is unlikely to reflect 
a change in the affinity of the (Na~ + K”*)-activated ATPase for 
ouabain. This, together with the observation that the ouabain- 
suppressible “°K uptake is diminished, indicates that skeletal 
muscles respond to potassium depletion with a decrease in the 
number of Na-K pumps as well as a reduced capacity for 
performing active Na-K transport. This may be of significance 
for the release of potassium from the muscles and for the 
maintenance of their low potassium contents in conditions 
where vital organs demand potassium for their continued 
function’. Furthermore, at low extracellular potassium levels, 
the muscle cells may also hyperpolarize and lose excitability 
unless their intracellular K concentration is decreased. 

At variance with our results, potassium depletion has been 
shown to increase (Na~ +K”)-activated ATPase as well as the 


number of ouabain binding sites in erythrocytes *“, and a similar 
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compensatory phenomenon has been observed in cell 
cultures'*’*. An analogous response might account for the 
persistence of the normal potassium content in erythrocytes 
observed here. The paradoxical response of the muscles suggest 
that in this tissue, the synthesis of (Na°+K”)ATPase is 
regulated by a humoral or nervous factor. The observation that 
in potassium-depleted rats, denervation of soleus muscles leads 
to a selective recovery of their intrafibre potassium within 6 
hours’, point to the existence of a central control of active Na-K 
transport in skeletal muscle. 

It is well known that chronic potassium depletion is associated 
with increased digitalis toxicity’*’’. The present results indicate 
that potassium depletion leads to a considerable decrease in the 
binding capacity of skeletal muscles for digitalis glycosides. 
Since this tissue represents the largest single pool for the 
peripheral binding of digitalis, potassium depletion is likely to 


250 


= 
5S 
V 
A 


200 


150 


100 





*H-ouabain binding sites (pmol per g wet wt) 


0 2 4 6 8 
Duration of K depletion (weeks) 


Fig. 2 Time course of the changes in the total number of °H- 
ouabain binding sites in soleus muscles from rats maintained on 
potassium-deficient diet. Rats (210-240 g) were killed by decapi- 
tation and the lateral segments of their soleus muscles incubated 
for 120 min in potassium free Krebs-Ringer bicarbonate buffer 
containing 1.27mM Ca, 5mM D-glucose and 2x10" M `H- 
ouabain (0.6 pCi mi™?) at 30°C under continuous gassing with a 
mixture of 95% O, and 5% CO. Muscles were washed four times 
for 30 min at 0°C to remove `H activity from the extracellular 
space, blotted, weighed and homogenized in 2ml of 5% tri- 
chloroacetic acid. After centrifugation, 1 ml of the clear super- 
natant was taken for liquid scintillation counting of the °H activity. 
On the basis of the specific activity of the incubation medium, the 
amount of °H activity retained following the cold wash was 
expressed as pmol per g wet wt. A minor correction for nonspecific 
retention of “H activity was based on measurements performed by 
incubating the contralateral muscle segments at 10°°M °H- 
ouabain (for details see refs 9-11). Each point represents the mean 
of 4-12 observations with bars denoting s.e. The significance of the 
difference between the results obtained using age-matched 
controls maintained on normal diet and those of the K-depleted 
rats is given above each point. 
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Fig.3 Time course of changes in the tota: number of °H-ouabain 
binding sites and the potassium contents of plasma and gastroc- 
nemius during potassium repletion. Rats «110-170 g) were maim- 
tained on potassium-deficient diet for 7 weeks. One group of 
animals were kept on this diet for another week, others were given 
KCI (36 mmol per kg per day} for either 1, 2 or 4 days. Potassium 
contents and *H-ouabain binding were determined as described in 
Figs 1 and 2. Each point represents the mean of 2-16 observations 
with bars denoting s.e. Dashed lines indicate control levels 
measured in rats on normal diet. 


favour a redistribution of the drug leading to higher plasma 
concentrations and preferential binding to the heart. 
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A family of T-cell 
alloantigens linked to Igh-1 


Gwendoline M. Spurll & Frances L. Owen 


Departments of Pathology, Cancer Research and Hematology, 
Tufts University Medical School, Boston, 
Massachusetts 02111, USA 


Tsu’ (ref. 1) is an alloantigen on mouse suppressor T cells, coded 
for by a gene downstream from the immunoglobulin locus on 
chromosome 12’. We now report a second T-cell alloantigen, 
Tind‘’, which is closely linked to Tsu*. Both antigens may be 
products of a family of genes coding for conserved, non-antigen 
binding site regions of T-cell receptors. Tind? is defined by a 
monoclonal BALB/c (Igh-1") anti-C.AL-20 (Igh-1°) antibody 
and is expressed preferentially on Lyt 1°2°3” peripheral 
lymphoid cells, whereas Tsu? is expressed on Lyt 172*3* 
suppressor cells. The interpretation that these determinants 
represent antigen binding molecules is in part based on the 
antibody-mediated induction of cell function. In vivo treatment 
of C.AL-20 animals with anti-Tsu‘* antiserum at day 4 suppres- 
ses the primary immune response to sheep red blood cells 
(SRBCs)*~. Pretreatment with limiting dilutions of anti-Tind* 
antibody induces cyclic waves of either suppression or 
enhancement of the plaque-forming cell response. The genes 
coding for these determinants have now been mapped in inbred 
congeneic mice having recombination events in or near the 
immunoglobulin locus. Monoclonal anti-Tind® antibodies pre- 
cipitate a group of polypeptides of molecular weights (MWs) 
62,000, 45,000 and 17,000 from *S-methionine-labelled 
spleen cells activated with concanavalin A (Con A) whereas the 
polypeptides associated with the Tsu’ specificity have MWs 
69,000, 45,000 and 25,000. The differences in molecular 
weights and contrast in the Lyt phenotype of cells expressing 
these antigens suggest they are separate molecules and may 
imply discrete isotypes of T-cell receptor. 

We previously described the production of an alloantiserum 
which may recognize the constant region of a T-cell receptor for 
antigen'°. Antibody directed against the Igh-1-linked alloan- 
tigen blocks the binding of Ts, cells from hyperimmune 
suppressed mice® to the Ars IdX’ and acts as a polyclonal 
activator of suppressor T cells for T-dependent antigens’. If 
antibody binds to a constant region of the receptor on cells for all 
antigens, then cross-linking of the cell surface might trigger the 
cells? in the observed antigen-independent manner*. The 
genetic restrictions imposed on the antibody-induced* suppres- 
sor cells mirror those reported previously for regulatory cells for 
major cross-reactive idiotypes’. Antisera having these proper- 
ties were used to precipitate a *°S-methionine-labelled complex 
of antigens from extracts of spleen tissue cultures from allotype 
congeneic pairs of mice (Fig. 1). The major species precipitated 
is a 69,000-MW polypeptide, although antigens of MWs 45,000 
and 25,000 co-precipitated in variable c.p.m. ratios in different 
cell preparations. The structural relationship between these 
antigens is unclear, although the appearance of the 69,000-MW 
molecule critically depends on the use of proteolytic inhibitors 
throughout the preparation preceding electrophoresis. Figure 1 
shows that these antigens are C.AL-20 specific and are not 
present on the BALB/c cell, as predicted by the strain pattern’ 
of induction of suppressor T cells. 

We have now produced a monoclonal antibody using a 
modification of this immunization protocol. The y1x-secreting 
line, 9II[A2, produces an antibody (anti-Tind*) which recog- 
nized an antigen(s) on C.AL-20 cells that is similar to but 
antigenically distinct from Tsu‘. The antigen (Tind*) comprises 
polypeptides of MWs 62,000, 45,000 and 17,000 and is detected 
in a strain-specific pattern (Fig. 2). BALB/c and C.B.AL-1 
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Fig.1 SDS-polyacrylamide gel electrophoresis of °°S-methionine-labelled 
antigens synthesized by splenic cells stimulated with Con A for 48 h from: a, 
C.AL-20 (igh-15); 6, BALB/c (Igh-1*); c, C.AL.B (Igh-1°, H-2°)*° animals. 
Cells (2 x 10’ ml”) were metabolically labelled by incubating washed cells in 
methionine-free RPMI for 4 h with 100 pCi of °*S-methionine and washing 
three times with phosphate-buffered saline (PBS) before extracting. Cell 
extracts were obtained by lysing washed cells three times in 1 ml of buffer 
containing 0.01 M NaPO,, 0.1 M NaCl, 1% Triton X-100, 0.5% deoxy- 
cholate, 0.1% SDS and 0.0025 M phenylmethylsulphony! fluoride. Super- 
natants from a 35,0002 centrifugation (90 min) of cell extracts were 
incubated with 5 wl of anti-Tsu® antiserum chosen from early bleeds of 
selected sera known to contain the biological activity for the Tsu? gene 
product’ or with 5 wl of normal mouse serum. Extracts were incubated 
with glutaraldehyde-fixed Staphylococcus aureus organisms (Immunosorb) 
precoated with sheep anti-mouse IgGl-antiserum. Labelled antigen was 
eluted from washed adsorbent in buffer containing 5% SDS, 0.25 M Tris 
pH 6.8, and 2.5% 2-mercaptoethanol and electrophoresed on 12% tube 
acrylamide gels*' cross-linked with DATD” in Tris-glycine buffer for 2.5 h 
at a constant current of 3 mA per gel at 25°C. Sliced gels were incubated 
with 5% Protosol in Econofluor scintillation fluid from 12 h before counting 
at 25 °C, 


animals, which were previously shown to lack the Tsu? gene, also 
lack this alloantigen. The C.B.AL-1 mouse has documented 
recombination events on chromosome 12 which limit the posi- 
tion of the gene(s) coding for the new specificity to a region of 
chromosome 12 between V;,Dex and a recombination event 
between Tsu® and prealbumin'® (Table 15). This region 
encompasses the proposed IgT region’. The close proximity of 
Tsu? and Tind® suggests that a family of T-cell-specific poly- 
peptides may be encoded here. Further investigation of 
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hyperimmune anti-Tsu‘ alloantisera identifies the second Tind‘ 
specificity as a ‘contaminant’ band in precipitation studies and 
also shows a larger band in C.AL-20 but not BALB/c cells, of 
unknown function. Monoclonal antibody or alloantiserum 
coupled to Sepharose 4B was used to preabsorb cell extract 
before precipitation with anti-Tind* or anti-Tsu* antibody. 
Coupling of anti-Tind* antibody to Sepharose 4B and preclear- 
ing cell extracts before addition of anti-Tsu° serum removes the 
62,000- and 17,000-MW peaks from the **S-methionine-pre- 
cipitated material but does not preclear the 69,000- and 25,000- 
MW polypeptides. Therefore, the 62,000-, 45,000- and 17,000- 
MW polypeptides precipitated with anti-Tsu* are those mole- 
cules recognized by anti-Tind®. The 69,000-, 45,000- and 
25,000-MW molecules do not appear to cross-react serologic- 
ally with the 62,000-, 45,000- and 17,000-MW molecules. 

The T-cell determinants recognized by anti-Tsu® or anti- 
Tind“ antibody are not expressed on serum immunoglobulins. 
Antisera directed against immunoglobulin isotypes (sum- 
marized in Fig. 2) do not preclear or co-precipitate these 
antigens. In addition, ammonium sulphate-precipitated ascites 
protein from clone 9TIIA2 (anti Tind’ was labelled with '*] 
and incubated with plates coated with either BALB/c or 
C.AL-20 normal mouse immunoglobulin. Anti-Tind® antibody 
fails to bind serum immunoglobulins. 

The biological properties of the cell(s) displaying Tind® have 
not been defined. ual fluorescence staining experiments 
suggest that 3-5% V ee 
nylon wool are positive. Negative selection with monoclonal 
anti-Lyt-1.2 or anti-Lyt-2.2 antibodies and complement 
followed by visual surface fluorescence suggests preferential 
expression of this determinant on an Lyt-1.2 high-density cell in 
contrast to the preferential expression of Tsu‘ on Lyt-2.2 
cells*”. Staining of thymocytes, bone marrow or splenic B cells 
by monoclonal anti-Tind® antibody cannot be detected visually. 

In vivo pretreatment of mice with anti-Tind“ antisera before 
injection of SRBCs either enhances (induction of help) or 
reduces (induction of suppression) the response. The cyclic 
induction of an altered response depends on when the antiserum 
ts administered. The results are reminiscent of the hypothetical 
waves of suppressor and helper cells postulated to interact in 
i papi the idiotypic response of mice’>? and may represent 

pa ete steps or biological alternatives in a regulatory 
sree An Lyt-1* inducer T cell which initiates Lyt-2"*, 
3*-mediated suppression was hypothesized”, although no rela- 
tionship between Tind“ and that cell has been tested experi- 
mentally. 


¥ig.2 Monocional antibody against Tind‘ from clone 9ITLA2 precipitates a 
complex of antigens with a molecular weight distinct from that of Tau“. This 
monoclonal cell line was obtained by fosion of spleen cells from mice 
bomunixed with a protocol similar to thet reported to raise antibody to Tsu‘ 
(refs 1-4). BALB/c AnN mce were immunirod twice intrevenonsly (Lv.) 
ich CALD coll artivaicd Gen Con A und baed S dave chee te tas 
Infection, Spleen cells from tmmune donors were fused with BALB/c 
ae EA (rèl. 23), a non-secreting variant of a BALB/c mryeboma, 
30% potyethylene 


30% and 9ULA2 calls subcloned on thymocyte feeder layers had a 50% 
chourny . Subclones develop in 10-12 days as visible clones. The 


horse serum in Dulbecco's H-21 medium with essential amino acds, non- 
cescatial amino acids, sodium pyruvate, gintamine, penicillin /stroptomycm 
c, d And e show later bleeds of the same alloantiserum shown tn Fig. 1 
(additional stram specific molecules are detectable). The antigens pro- 

cipttated by clone 9TILA?2 (frame a, b, f) correspond to’ the 62,000-, 45,000. 
and 17,000-MW species detectable in, the late bleeds of the alloantiserum. 


aei 


in blocking 
the molecules ted by antl-Twu antibody: affinity-purified class- 
specific savas ies pect (rabbit anti-mouse IgG2a, antl-HOPC-1, 


23 pg bending capecity (b.c.); sheep anti-mouse IgG3, ant!-J606, 250 pg 

bey goat anti-mouse IgM, anti-ABPC-22, 720 ug b.c.; rabbit anti-IgM, 

ant-ABPC-22, 10 wg b.c; rabbit anti-mouse IgD, anti-MOPC 1017, $ ul 

sorum or 50 ug Fab fragments of affinity-purified antibody); monocional 

anti-Thy-1.2, to! lytic unts; monocional antl-Lyt-1.2, 10° lytic units; goat 
anti-Renechec GP70 serum, 5 pl 
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Cyclic waves of enhancement or suppression are induced 
when 5 ng of antibody is administered at different times over 10 
days. The time of appearance of the crest of these waves varies 
between experiments but the magnitude of the crest is constant 
(Fig. 3). In fact, one observes either the pattern in Fig. 3a or that 
in Fig. 3b; they are mirror images. In contrast, when the time 
(day 4) is held constant and the antibody concentration varied, 
5 wl of tissue culture supernatant (~5 ng of immunoglobulin) 


showed a statistically significant strain-specific efhancement for 
the C.AL-20 animal (Table 1). The normalized grand geometric 
C.AL-20 9 IH A,-NMS 
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mean % s.e. of 15 mice in five separate experiments was 52,987 
plaque-forming cells (PFC) % 1.23 for control values and 
108,710% 1.47 for those treated with 5 ng of antibody (P= 
0.001). The kinetics of enhancement change rapidly (Fig. 3); the 
need to assay during a critical few hours in the immune response 
may explain why the changes range from two- to fourfold in 
different experiments. Table 1b shows the recombination event 
in the C.B.AL-1 animal which limits the gene coding for this 
biological activity to the region of chromosome 12 mapped for 
Tsu" (ref. 1). As only low doses of antibody enhance the 
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Day of pretreatment with 5 ng of antibody 9 HI A2 


Fig. 3 Monoclonal anti-Tind® antibody injected into the tail vein of 
recipient mice induces a cyclic pattern of either suppression or enhancement 
of the primary PFC response against SRBCs. The data points show the effect 
of injecting antibody (~5ng} from tissue culture supernatants of clone 
GHIA? into each of three C.AL-20 adult recipients at days 0, 1, 4, 5. or 10 
and challenging those recipients with 10 SRBCs in PBS on day 0. In contrast 
to results reported earlier for antibody to Tsu® (refs 2, 3) where injection at 
day 4 of low doses of antibody was effective and other injections in this time 
spectrum showed no alteration in the response, injection of anti-Tind“ seems 
to have a reproducible dual role in the response. Data points represent the 
geometric mean +$., n =3 mice. Three similar experiments yielded the 
same pattern with variations in the lag period before enhancement from 1 to 
4 days. a And b represent two separate experiments and show the variation 
in kinetics of this regulation using the same reagents. These cyclic waves are 
strain specific for C,AL-20 but not for BALB/c. 
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Table 1 ; Strain-specific enhancement of the PFC response to SRBCs limits the 


gene coding for the Tind? molecule to the IgT region of chromosome 12 


ATA summanmamamararinamen nannti tartrate aE arate a AAAS RHR HP aaa raa A 





a Strain 
9ILIA2* Aaeeea earn 
(ng) C.AL-20 BALB/c C.B.AL-1 
{control} 21,000 % 1.02 74,903 x 1.79 56,475 x 1.34 
O.4 35,327 1.15 88,545 x 1.145 58,000 x 1.10 
i.0 42,085 x 1.03 ND §8,240 x 1.21 
2.0 44,348 x 1.17 69,654 « 1.10 $8,780 x 1.22 
5.0 P= <0.001 53,665 x 1.28+ 73,010 x 1.05 58,981 x 1.10 
50.0 25,258 x 1.08 89,000 x 1.03 $5,300 x 1.12 
200.0 20,080 x 1.03 ND ND 
b Genotype of strains used 
C.AL-20 Vi 4Igh —1¢Tsu** Pre? 
BALB/c Vh°Igh ~1¢Tsu*~ Pre? 
C.B.AL-1 Vhtigh —1°Tsut” Pre? 





* Monoclonal antibody directed against Tind? (clone 9ITIA2) was injected iv. in 
recipient mice differing genetically in the [Gh-1 linked genes (see 6). A range of 
dilution of tissue culture supernatant containing antibody was injected on day 4 
and the primary day-3 PFC response of mice challenged i.v. with 10° SRBCs on 
day 0 was measured. Two of the C.AL-20 (Igh-1°) mice were enhanced for the 
geometric mean response (5 ng TCS) in comparison with control mice not treated 
with antibody (0 ng). These data are from one of five experiments showing a similar 
pattern of stimulation, PFC values were obtained by the Cunningham plaque 
chamber assay*° as previously reported*”. 

t The normalized grand geometric mean % standard error of 15 mice in five 
separate experiments was 52,987 % 1.23 for control value but 108,710 PFC X 1.47 
for those treated with Sng of antibody (n = 15, P=<0.001 in double-tailed 
Student's t-test). 


response, the antibody probably activates or stimulates a cell, 
possibly cross-linking that cell membrane through recognition 
of conserved structures on the receptor or ‘constant regions’. 
Therefore, both Tsu alloantiserum and Tind* monoclonal 
alloantibody appear to act as activators for regulatory cells for 
the immune response. The kinetics of activation by these two 
reagents are very different’, We cannot exclude the possibility 
that both antigens are on mutually overlapping cell populations, 
but the visual typing suggests they are On separate cells with 
related or tandem functions. 

The molecular weights of Tsu’ and Tind‘ are similar to those 
described for SRBC suppressor factor secreted from an Lyt-2, 
3* cell line maintained with T-cell growth factor (MW 69,000)'° 
and the product of a hybrid T-cell line secreting a molecule 
(MW 62,000) specific for the Ars hapten’®. 

These data imply that two similar, but serologically distinct, 
T-cell-specific antigens are encoded by closely linked genes on 
chromosome 12. We have not proved that these antigens are 
T-cell receptors for antigen nor has Tind? been mapped by 
recombination. It is possible that the markers Tsu“ and Tind® are 
unique differentiation antigens involved in the expression of 
cell-surface antigens, facilitating expression of antigen-binding 
molecules. Lyt-2 differentiation antigens are co-expressed with 
antigen receptors on cytotoxic T cells +°, However, we favour 
the hypothesis that these antigens represent constant regions on 
T-cell receptors for antigen’? with some analogy to the 
immunoglobulin heavy chains. The map positions of these genes 
suggest they may have arisen from the same primordial domain 
as the immunoglobulin heavy-chain genes and were evolu- 
tionarily modified to function in cellular recognition. 
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Gene products of the human HLA region are the principal 


histocompatibility barrier to human allogeneic tissue trans- 
plantation’. In addition, HLA genes regulate immune responses 
to environmental antigens’ and affect susceptibility to various 
diseases’. Although the HLA region has been studied 
intensively, only four histocompatibility loci (HLA-A, -B, -C 
and -DR) have been identified within this ‘supergene’, but the 
existence of additional loci has been suggested by 
immunochemical*” and genetic recombination’’* studies. 
Recently, a new segregant series of five histocompati- 
bility antigens, named ‘secondary B cell’ (SB) antigens, was 
defined '*"*. We now report studies of 21 families which indicate 
that the gene encoding the SB antigens is closely linked to 
HLA-DR, but is distinguished from it by recombination in two 
families and can be mapped between HLA-DR and GLO in 
additional recombinant families. 

The SB antigens are identified by a primed lymphocyte typing 
(PLT) system which has been optimized to ensure reproducible 
typing'*. The ‘reagents’ used to define the five SB antigens are 
sets of cryopreserved primed lymphocytes from 10 different 
donor combinations, and include two reagents to define each of 
the five SB antigens. The same reagents have been used to SB 
type over 500 donors; the agreement between results for the two 
reagents defining each SB antigen is high (r > 0.86). A donor’s 
cells are SB typed by using them to restimulate these 10 popu- 
lations of primed cells; the assignment of SB specificities is then 
made by objective statistical analysis'* (although the appro- 
priate scoring is generally apparent visually). 

Population studies suggest that the five SB antigens are a 
simple mendelian Segregant series of antigens in Hardy-Wein- 
berg equilibrium'®. The SB phenotype of donors was largely 
independent of their HLA-A, -B and -DR phenotypes’. 
Furthermore, family studies indicate that there is no statistically 
significant association between SB markers and the HLA-A, -B 
and -DR markers on 84 haplotypes. These data indicated that 
SB antigens might be products of a new locus, and this pro- 
position has now been confirmed by two independent lines of 
T the family studies reported here and analysis of mutant 
cell lines’? 
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Table 1 SB/DR recombination is family Fa 
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Restimulating cells and cher HLA haplotypes 
A B J r G i D 


PLT reagents cd ab ac be bd b/ad ad 
SBIA 86 26 8&0 5 To 23 33 
SBIB 72 SG SF Fe a. SS Bd 

+ -H + + = doo j- 
SB2A 4 3 § +: 6 4 7 
SB2B 14 3 7 cd 10 7 7 
SB3A 3 8 4 ts 2 7 4 
SB3B & 6 13 iz 2 6 6 
SB4A 22 2 9 ie 4 $ 
SB4B 10 3 9 e 4 6 
SB5A ye 16 22 29 3 Ll pa 
SBSB 8 5 4 2) fs 3 2 
SB assignment i I l i bi i I 
HLA haplotypes: a, Aw24 B14 DR3 Dw3 aB i Gile"2; k, Ali BS: 


DRw6 Dw6 SBblank Glo*l; c, A23 B41 DRw5 Dw SBI Gio” "2, a 
A30 Bw16 DRw6 Dwé SBblank Glo* I; b/a, ATI B35 DRwé Dwé SBI 
Glo*2. The 10 SB-specific PLT reagents were restimulated with 
peripheral blood lymphocyt tes from donors as previously described t" 
Numeric data are given as % relative response compared with a one 
positive stimulating cell; absolute c.p.m. for control responses (100% 
reference) ranged beiween 10,006 and 99,773. The deter minano of 
whether an antigen is present (+) or absent (~ } was made by cluster 
analysis scoring of both reagents defining a specificity i”, F amily Fa has 
been typed l using re agents of the Sth International Workshop and typed 
twice for GLO’ 


Studies of 21 families indicate that the SB antigens are 
encoded by a gene which is linked to HLA (mostly closely to 
HLA-DR) but is separable by recombination from all known 
markers in this region. In the generation of the 77 offspring 
tested, there had been 80 meioses which vould be evaluated for 
the segregation of SB, including 8 previously known to involve 
recombination in this region: 4 between HLA and GLO and 4 
within the known HLA region. In 70 of the other 72 informative 
meioses, SB segregated with all HLA and GLO markers; data 
on the remaining two are best explained by recombination 
between the known HLA genes and a new gene tightly linked to 
HLA. 

Previous family studies ‘°''" have not separated the gene which 
encodes the SB antigens from HLA-DR ; now we describe two 
families showing recombination between SB and DR. The first 
family (Fa) is well characterized and previously described by 
Mawas et al.'°''. The recombination in tus family divided the 
‘“HLA-D region’ into two subregions: a telomeric region (D-a) 
which included HLA-DR, and a centromeric region (D-8) 
which included another gene(s) encoding antigens that induce. 
allogeneic cellular proliferative responses. Members of this 
family were typed for SB antigens (Table 1) to determine 
whether the recombination would help to locate SB. The data 
from the parents and the non-recombinart siblings indicate that 
the SBI allele is present on both the a and c haplotypes. 
Whereas the b and d haplotypes lack defined SB alleles; this is 
inferred from the fact that all family memers type as SBI only, 
except for the ac sibling (G) who has nc defined SB antigens. 
The data on the recombinant sibling I mep SB] centromeric to 
HLA-DR. The SBI typing of the recom >inant donor | resem- 
bles that of her GLO- identical (ad) sibling (D) much more than 
her serotypically identical (bd) sibling (G). Thus, sibling I 
inherited SB/ together with GLO*2 from the a haploty pe but 
inherited the DR6, B35 and AJ! alleles from the b haplotype. 

The second family (Kav) shows recombination between DR 
and SB (Table 2). The mother’s cells (KAV 1) were positive for 
both SB2 and SB3. However, the three children with the 
maternal c haplotype (A/, B8, DR3) as well as the child 


16,47 
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Tabie 2 SB/DR recombination in family Kav 





Restimulating cells and their HLA haplotypes 
PLT KAV KAV KAV KAV KAV KAV KAV KAV KAV KAV 
reagents 1 2 3 4 5 6 l 2 3 4 


cd ab ad/e ac be be cd ab ad/e ac 
Expt 1 Expt 2 
SBIA 19 35 10 8 8 10 3 8 2 2 
SBiB 20 I7 4 2 3 5 8 6 1 2 
SB2A 87 114 62 72 66 98 68 991 73 SI 
SB2B 70 79 64 61 46 74 54 öö 57 54 
+ + + + + + + + + + 
SB3A $1 8 3 5 4 2 116 7 3 7 
SB3B 75 7 2 3 2 1 45 3 3 2 
to $m = čá > 
SB4A 7 102 83 73 2 5 6 76 69 5i 
SB4B 5 104 68 63 2 5 6 190 137 130 
~= + + + — ~ = + + + 
SBSA 5 6 4 2 2 2 8 T 5 6 
SB5B 10 27 8 6 3 3 5S 25 2b -JI 
DRI ND ND ND ND ND ND 100 31 79 1l 
SB* 2,3 2,4 2,4 2,4 2 2 2,3 2,4 2,4 2,4 


HLA haplotypes: a, Al B8 DR3 SB4 Glo*2; b, A30 B13 DR3 SB2 
Glo*2; c, Al B8 DR3 SB2 Glo*1; d, A2 BS DR1 SB3 Glo*1; d/c, A2 
BS DR1 SB2 Gio*1. Results for expt 1 were obtained as described in 
Table 1 legend. In expt 2, lymphoblastoid cell lines were used as 
stimulators at 3x 10* per well following treatment with mitomycin C 
(Sigma) at 80 pg ml~’ in RPMI 1640 for 30 min at 37°C. Absolute 
c.p.m. for control responses (100% reference) ranged between 13,272 
and 30,837 c.p.m. in expt 1 and between 10,006 and 99,773 in expt 2. 
Results are tabulated and scored as in Table 1. Although the DR 
antigens are usually defined by serological techniques, a ‘DR 1-specific’ 
PLT reagent was used as a cellular typing control in certain experiments. 
This reagent was generated using procedures similar to those for the 
SB-specific primed cells, but using lymphocytes from donors matched 
for all HLA antigens (including SB) but mismatched for DR1. Results of 
typing with this PLT correlate highly (r = 0.83) with serotyping for DR1. 
Family K was serotyped using antisera of the 7th US Workshop and 
additional DR typing was performed by the University of Minnesota 
Tissue Typing Laboratory using 118 well-defined antisera. ND, not 
determined. 


* SB assignment. 


(KAV3) with the maternal d haplotype (A2, B5, DR1) 
inherited SB2 but not SB3. These data can be explained by 
postulating a single recombination whereby sibling KAV3 
inherited a recombinant maternal HLA haplotype, including 
the A2, B5, DRI markers of the d haplotype but the SB2 
marker of the c haplotype. The conclusion that sibling KAV3 
has a SB/DR recombinant haplotype rests most heavily on the 
findings that: (1) the mother (KAV1) is indeed SB3-positive, (2) 
KAVS3 is SB3-negative, and (3) KAV3 has inherited the mater- 
nal DR1 antigen. SB typing was repeated twice more, including 
a typing of lymphoblastoid B-cell lines derived from four family 
members (Table 2, expt 2). The results of these experiments 
confirm the SB typing of family members, particularly the 
determination that SB3 is present on maternal cells but absent 
from cells of sibling KAV3. 

Although the serological assignment of DR1 in family 
members was unambiguous, as an additional control the cells 
were typed using a primed lymphocyte reagent which detects 
DR1 (or a specificity closely associated with it) (Table 2, expt 2). 
The results obtained with this PLT support the results of sero- 
typing in this family—that mother and sibling 3 both express the 
DR1 antigen, but the other family members do not. Thus, using 
only cellular reagents, we can conclude that a maternal recom- 
bination has separated two loci, SB3 and DR1, that code for 
antigens which induce strong secondary proliferation. 


These two families demonstrate that SB can segregate 
separately from DR. Mapping of the SB locus also requires 
information on its position relative to HLA-B and GLO. The 
data from family Fa map SB1 centromeric to DR but do not 
map it relative to GLO; none of the other families tested maps 
SBI relative to GLO. The data from family Kav map SB2 and 
SB3 outside the region between HLA-A and HLA-DR; 
however, because GLO is not informative, it is not possible to 
ascertain from this recombination whether SB2 maps 
centromeric to HLA-DR or telomeric to HLA-A. Fortunately, 
results in other recombinant families allow unequivocal map- 
ping of SB2 between DR and GLO (Table 3). The SB2 allele is 
mapped telomeric to GLO (on the DR side) by recombinations 
in both family Po and family H. In family Po, recombinant 
sibling P5 inherited the GLO *2 allele but not the SB2 allele 
from the d haplotype; instead he acquired the SB blank allele 
(and A, B, C, DR) from the c haplotype. In family H, sibling H4 
has acquired the GLO*2 allele from the b haplotype, but has 
acquired the SB2 allele (along with A, B and DR) from the a 
haplotype. The results in family M map SB2 centromeric to 
HLA-A. The informative donor (M5) has a maternal HLA- 
A/HLA-C cross-over; she has acquired the SB2 (together with 
Cw3 B15) from the paternal a haplotype but the Aw30 from the 
paternal b haplotype. The combined results from the families 
places the gene encoding SB2 in the segment between HLA-DR 
and GLO, this is the only possible map location because SB2 
maps centromeric to HLA-A (family M), outside the HLA-A to 
HLA-DR segment (family Kav) and telomeric to GLO (families 
H and Po). 

The mapping of SB2 between DR and GLO agrees with the 
available mapping data for all the other SB antigens’® and 
unpublished observations. As there is strong evidence that the 
SB antigens may be alleles at a single locus'®*’*, the simplest 
hypothesis is that there is a single SB gene which maps in this 
location (although it is possible that they are pseudo-allelic 
products of more than one gene). The gene products of this locus 
are identifted by their capacity to induce allogeneic cellular 
immune responses in vitro '® '*; as this is a cardinal feature of 
histocompatibility antigens, the SB locus seems to be a histo- 
compatibility gene. 

Although the number of recombinations between DR and SB 
are too few to estimate precisely the map distance between 
them, the available data suggest that the SB locus may extend 
the known limits of the HLA region by as much as 1-2 centi- 
morgans. In the 21 families studied, two definite SB/DR 
recombinations have been observed (family Kav and family Fa); 
in addition, one family”? has aSB/HLA-B recombination, but it 
cannot be established whether the recombination is between SB 
and DR or DR and B, because the recombining haplotypes 
share DR/Dw4. After exclusion of family Fa (as the recom- 
bination was detected on a haplotype selected for known 
recombination), one (or possibly two) DR/SB recombinations 
have been observed in 75 ‘random’ informative meioses. An 
additional crude index is that one of the four informative 
DR/GLO haplotypes mapped SB on the GLO side, whereas 
three mapped it on the DR side in the 5-centimorgan interval 
between DR and GLO. 

It is possible that DR and SB are products of the same gene, 
and that they can segregate separately when intragenic recom- 
bination occurs. However, the discovery of two (or possibly 
three) SB/DR recombinations in these relatively few families 
makes intragenic recombination an unlikely explanation. 
Furthermore, selective loss of expression of HLA-DR but not 
SB in y-ray-induced HLA-mutant cell lines?’ is also unlikely to 
be due to intragenic recombination. 

Many laboratories have reported PLT detection of new 
antigens. If all these antigens are products of different genes, 
that would imply great genetic complexity. Instead, preliminary 
evidence indicates that three laboratories have independently 
recognized similar antigens. Our study suggests that the GI 
antigen defined by Mawas et al.*°"! is similar to SB1 because 
both are encoded by genes which map centromeric to DR, and 
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Table 3 Mapping of SB2 between GLO and HLA-A in recombinant families 





Family Po 
Pi P2 P3 P4 P5 
PLT reagents ab cd bd ac bdfc 
SBIA 6 9 4 2 3 
SB1B 3 3 3 1 2 
SB2A 4 74 108 5 4 
SB2B 4 82 83 9 24 
SB3A 6 3 5 2 10 
SB3B 3 2 5 2 3 
SB4A 92 5 78 64 104 
SB4B 113 7 8i 74 97 
+ ~ + + + 

SB5A 4 6 2 2 4 
SB5B 7 7 5 6 11 
SB assignment 4 2 2,4 4 4 


Family H Family M 
Hi H2 M3 H4 Mi M2 M3 M4 M3 
cd bd ac b/ac ab cd ad be bjad 
86 84 11 i4 14 g 7 644 7 
89 84 8 § 7 4 4 7 7 
+ -+ ~ = — — ~ z - 
2 3 109 68 156 4 132 7 156 
3 2 101 62 140 5 87 § 124 
ae — + + + - + on + 
3 4 8 8 6 4 5 4 T 
R 4 2 3 5 4 4 7 7 
109 16 121 89 35 26 38 23 46 
Lit 3 143 87 57 61 66 58 65 
4 ~ + + + ee 4 fe 
16 12 9 5 5 4 5 6 7 
10 6 15 12 14 5 i 12 12 
1,4 j; 2,4 2,4 2,4 4 2,4 4 Z 





Haplotypes, in families Po, H and M respectively, are the following. a: A2 BS Cw- DR2 SB4 GLO2; Aw34 B17 Cw- DR2SB2 GLOL; AZ B15 Cw3 
SB2. b: A25 BS Cw2 DRS SB4 GLO2; Aw33 Bw35 Cw2 DR? SB(1) GLO2; Aw30 Bw50 Cw6 SB4. c: Al B40 Cw3 DR7 SB- GLOI; AZ B8 Cw- 
DR3 SB4 GLO1; A3 Bw44 Cw3 SB4. d: Aw24 Bw35 Cw4 DRS SB2 GLO2; A3 B18 Cw5 DR- SB1 GLO1; A3 Bw35 Cw4 SB4. d/c (Po): Al B40 
Cw3 DR7 SB-/GLOZ. b/a (H): Aw34 B17 Cw- DR2 §B2/GLOZ2. a/b (M): Aw30/Bw15 Cw3 SB2. Results were obtained, tabulated and scored as 
described in Table 1 legend. Absolute c.p.m. for control responses in these experiments ranged between 11,218 and 33,959, For the 6 haplotype in 
family H, the SB antigen could be either SB1 or SB blank because it is identifiable in its entirety only in donor H2; this uncertainty does not interfere 


with the information regarding SB2 derived from the recombination. 


both are present on the same two independent haplotypes in this 
family. Termijtelen et al.”' have defined a PLT specificity, 
PL3A, which is indistinguishable from SB 1 in a population study 
(r= 1.0, P= 107°; A. Termijtelen and S.S., unpublished obser- 
vations). The simplest interpretation of these data may be that 
these three antigens are identical, and that the gene encoding 
them is the one whose gene product fairly consistently 
dominates the secondary proliferative response among donors 
matched for HLA-A, B, C, D and DR. 

Thus, SB is a new histocompatibility locus which is outside the 
previously well accepted boundaries of the HLA region. Data 
from recombinant families formally map SB2 between DR and 
GLO and, by inference, the gene encoding the four other SB 
antigens. The relevance of this new locus to transplantation, 
immune regulation and disease susceptibility is being investi- 
gated. 

This work was supported in part by CA22507, AI 15486, 
INSERM (CRL7951181, CRL7950881) and DGSRT (ACC 
80.7.0218). We appreciate the long-standing cooperation of our 
donors and thank the Marseille Blood Bank and Dr P. Mercier 
for providing samples from the Fa family, Ms P. Smith and staff 
of the NIH plasmapheresis unit for technical assistance, and Drs 
B. Biddison, D. Sachs and G. Shearer for useful discussion. 
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SB: a new HLA-linked human 
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Although the genes of the major histocompatibility complex 
(MHC) are tightly linked, four loci (HLA-A, B, C and DR) 
have been defined using rare families in which antigenic 
specificities segregated from each other. As an alternative 
approach for defining loci, Kavathas ef al.’ selected HLA- 
mutant lymphoblastoid cell lines (LCLs) that had lost expres- 
sion of specific genetic markers. An HLA-GLO heterozygous 
LCL, LCL-721, was mutagenized with ionizing radiation which 
is known to induce multigenic deletions’; variants no longer 
expressing a specific HLA antigen were selected. While some 
mutants lost expression of only the antigen selected against, 
most simultaneously lost expression of several identifiable cis- 
linked gene products. Many of the multiple-loss mutants resul- 
ted from chromosome rearrangements, especially deletions’. 
Five new secondary B-cell (SB) antigens have recently been 
defined**, which evoke strong secondary allogeneic prolifera- 
tive and cytotoxic responses. Because they resemble the HEA- 
DR antigens both functionally and genetically, it was not known 
whether they were coded for by a gene distinct from the gene(s) 
encoding HLA-DR. We have now characterized LCL~721 
mutants for expression of both HLA-DR and SB. Of 20 lines 
which had lost expression of the HLA-A, -B and -DR antigens 
from one haplotype, four retained expression of the cis-linked 
SB antigen. One of these mutants had a visible deletion that 
included the region coding for HLA on the short arm of one 
chromosome 6. Because the cis-linked SB antigen continued te 
be expressed, the gene coding for SB antigens must be different 
from that coding for HLA-DR antigens. 
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Table 1 SB typing of mutant lymphoblastoid cell lines 





Stimulation of PLT (c.p.m. x 107%) 


LCL DR GLO 
clone status status SB2A SB2B 
Experiment 1 
Parent 
721 1,3 1,2 25.4 44.9 
Mutant clones 
i 1 1 20.2 46.6 
19* 1 1,2 33.1 49.9 
22 1 1,2 27.8 42.1 
31 1 1,2 32.0 48.2 
34 i 1,2 24.8 39.2 
38 1 1 20.7 36.6 
40 1 1,2 19.3 32.4 
- 51* 3 1,2 19.7 40.8 
$2” 3 1,2 8.6 31.4 
Control LCL 
H9 (SBi, 2) 20.8 44.8 
W7 (SB1, 4) 0.6 1.4 
Experiment 2 
Parent 
721 1,3 1,2 70 13.1 
Mutant clones 
1 1 1 8.5 13.4 
3 1 1,2 6.0 13.2 
13 1 1,2 6.3 11.7 
22 1 1,2 8.4 14.1 
38 1 i 10.0 13.6 
51* 3 1,2 3.4 10.1 
52” 3 1,2 5.0 12.0 
54* 3 1,2 1.9 7.6 
56 3 1,2 0.5 0.6 
Control mutant (B8 loss only} 
2 : 1,2 7.2 13.4 


ora 


% Expression of 


SB4A SB4B DRI SB4 DRI 
40.1 36.2 47.1 100 100 100 
7.8 5.0 45.8 94 7 97 
41,2 42.5 43.5 118 110 92 

1.6 0.9 40.0 99 3 85 
5.0 5.2 48.6 114 13 103 
7.1 5.7 45.4 91 iy 96 
5.5 5,9 40.5 82 15 86 
4.9 3.4 40.8 74 E 87 
32.6 33.2 2.4 86 86 5 
19.6 23.1 1.2 57 56 3 
15.2 29 93 23 
31.5 51.1 4 108 
9.8 13.8 100 100 
2.4 3.2 110 24 
1.0 1.4 96 10 
0.9 0.6 90 6 
22 2.0 112 18 
3.1 2.1 118 22 
6.1 9.5 68 66 
7.9 11.4 85 82 
3.9 8.0 48 50 
10.3 12.9 6 98 
10.5 13.1 103 100 





The method for generating SB-specific primed cells and the technique of primed lymphocyte typing has been described elsewhere*. LCLs were treated with 80 pg mi! 
mitomycin C (Sigma) in RPMI 1640 for 30 min at 37 °C, then washed three times. In experiment 1, LCLs were at a concentration of 0.3 x 10° per well and in experiment 2 at 
0.1 x 10° per well. Per cent expression is calculated as (c.p.m. incorporated by the relevant responding cells when stimulated by the mutant line)/(c.p.m. incorporated when 
stimulated by the parent line); the mean of the two SB-specific PLTs was used. Glyoxalase I analysis and DR typing were performed as described previously’. 


* Mutants showing separation of DR and SB expression. 


We used LCL-721 established from lymphocytes of donor 
KAV3, which had the genotype HLA-A1, -B8, -DR3, GLO*2 
and HLA-A2, -B5, -DR1, GLO*1. Mutants that had lost 
expression of DR3 were derived after y-ray irradiation and 
selection with HLA-B8 antiserum and rabbit complement, and 
mutants that had lost expression of DRi were derived after 
irradiation and selection with HLA-BS5 antiserum or HLA-A2 
antiserum and complement. 

SB-typing reagents were generated by sensitizing peripheral 
blood lymphocytes in a primary culture to cells matched for 
HLA-A, -B, -C, -DR, MB but mismatched for SB°. The primed 
cells were restimulated with the same stimulating cells and then 
frozen. Cells to be SB typed were used as restimulating cells. SB 
typing of LCL-721 of donor KAV3 and of her family showed 
that LCL-721 expressed SB2 linked to DR1 and SB4 linked to 
DR3. The SB2, DR1 haplotype inherited by individual KAV3 
from the mother appears to be a recombinant haplotype because 
the mother expressed SB2 on one haplotype and DR1 on the 
other haplotype’. 

In experiment 1 seven mutant clones that had lost expression 
of DR3, B8 and Al were tested (Table 1); six of these had a 
marked diminution in the $B4-specific proliferative response 
(3-17% of control) but one, clone 721.19, retained normal 
ability to evoke SB4-specific stimulation (110% of control 
value). All seven mutants evoked a strong SB2-specific proli- 
ferative response (74-118% of control). Two mutant clones that 
had lost serologically detectable expressions of DR1, B5 and A2 
were tested in the same experiment; both retained their capacity 
to stimulate SB4- and SB2-specific proliferative responses. 
Although the ability of 721.52 to stimulate SB2-specific 
responses is reduced compared with controls (57% of control), 
this is a nonspecific effect which is also seen with SB4-specific 
responses (56% of control). 


Although the DR antigens are usually defined by serological 
techniques, a DR1-specific primed lymphocyte typing® reagent 
(PLT) was used as a cellular typing control in some experiments. 
This reagent was generated using procedures similar to those for 
the SB-specific primed cells, but lymphocytes from donors 
matched for all HLA antigens (including SB) but mismatched 
for DR1 were used. Results of typing with this PLT correlated 
highly (R = 0.83) with serotyping for DR1. Mutants 721.51 and 
721.52 which according to serological analysis, had lost expres- 
sion of DR1, also demonstrated loss of DR1 (or a specificity 
highly associated with it) when tested with the cellular reagent 
(Table 1). 

Additional SB typing of mutant clones is shown in Table 1, 
experiment 2. In this experiment, all the DR3-loss mutants 
tested had lost expression of the cis-linked SB4 antigen, whereas 
only one of the four DR 1-loss mutants, LCL 721.56, had lost 
expression of the cis-linked SB2 antigen. Overall, studies of 20 
mutants showed that one of 15 DR3-loss mutants retained 
expression of SB4 and three of five DRi-loss mutants retained 
expression of SB2. None of the four DR3-loss or one DR1-loss 
mutants which had also lost expression of the cis-linked GLO 
allele expressed the cis-linked SB antigen. 

Two of the mutants in which expression of DR and SB had 
been separated were further analysed to determine whether the 
loss of expression of HLA-DR resulted from deletion of genetic 
material. The complete karyotype of mutant 721.19 (which had 
lost expression of A1, B8 and DR3 but not SB4 or GLO*2) has 
been published’. An interstitial deletion was observed in 6p 
where the HLA genes have been mapped’. No other 
chromosome abnormality was detected. DNA hybridization 
studies also show that mutant 721.52 resulted from deletion of 
genetic material: DNA from this mutant has greatly reduced 
ability (compared with LCL-721) to reassociate with a radio- 
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active probe prepared from an HLA-specific (class I) cDNA 
clone (ref. 8 and H. Orr, personal communication); this indicates 
that the mutant has lost genetic material which is homologous to 
the probe. The mutants that express both SB2 and SB4 but have 
apparently lost expression of an HLA-DR antigen because of 
loss of genetic material provide evidence that SB and DR are 
encoded by distinct genes. As the region between HLA-DR and 
HLA-A appears to be lost and as SB maps between GLO and 
HLA-B’, these results indicate that HLA-SB maps centromeric 
to HLA-DR. 

The proportion of DR3-loss mutants which express the cis- 
linked SB4 antigen (1/15) is less than the proportion of DR1- 
loss mutants which express the cis-linked SB2 antigen (3/5). 
This difference could be due to chance or could have a biological 
basis. Further studies of segregation between SB and DR in 
LCL-721 and other mutant lymphoblastoid lines should help 
define the physical and functional relationships between SB and 
other loci. 

This work was supported in part by AI 15486 and by AI/GM 
17687. We thank the family who generously donated blood, Mr 
R. Rudersdorf, Ms C. Chang and Ms P. Smith for technical 
assistance, the Minnesota Tissue Typing Laboratory for sero- 
typing and Ms Anna Marie Migliorini for help in karyotyping. 
This is paper no. 2510 from the Laboratory of Genetics. 
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Papillomaviruses induce benign tumours (warts) in their natural 
hosts. Several bovine papillomaviruses (BP V 1-5) have been 
described’ *. BPV 2 represents the virus isolated from classical 
cutaneous fibropapillomas found on the neck and shoulders of 
cattle*. In heterologous hosts, including the hamster and horse, 
it induces fibrosarcomas, sarcomas and fibromas, none of which 
possess virus particles but all of which contain viral DNA**. 
Both BPV 2 and its DNA induce cellular transformation in 
vitro’-**, although the presence of viral DNA in such trans- 
formed bovine cells has so far not been reported. Here we 
demonstrate the presence and maintenance of BPV 2 DNA 
sequences in bovine cells transformed in vitro by BPV 2. 

BPV 2 was isolated from single-case fibropapillomas of the 
neck and purified as described previously’’. Tissue cultures were 
established from bovine conjunctiva and palate, and primary 
cell cultures passaged several times before virus infection. After 
BPV 2 infection’’, three independently derived cell lines were 
cultured in vitro to over 40 passages. Two of these lines arose 
from infection of bovine conjunctiva at the 12th and 16th 
passage and are henceforth designated 12CON/BPV2 and 
16CON/BPV 2. The third line originated from infection of 
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Fig. 1 Autoradiograms of BPV 2 DNA sequences in transformed bovine 
cell lines. a-d, 16CON/BPV 2; e-h, 12CON/BPY 2; iI, 17PAL/BPV 2; 
m,n, BPV 2(1 ng). a,e, in, Unrestricted DNA; b, f, j, EcoRI-restricted 
DNA; c, g, k, HindII-restricted DNA; d, h, L, m, Hindll-restricted DNA. 
Purified cellular DNA(10 pg) was digested with individual restriction 
enzymes in buffers recommended by Boehringer. After 16h at 37°C, 
cleaved DNA was separated out on a 1% agarose gel in E buffer™ at 
5Vcm™'. The resulting fragments were transferred to nitrocellulose 
sheets'* and hybridized to a nick-translated** ’’P-labelled DNA probe 
(specific activity 5 x 10’ c.p.m. per ug) in 6 x SSC, 10 x Denhardt's** solution 
containing 50 pg ml” calf testis DNA, 10 pg m!~* poly(A), 0.1% SDS and 
10 ug ml” ' yeast tRNA. After hybridization at 70°C for 3 days ata DNA 
probe concentration of 0.05 yg ml’, the sheets were extensively washed in 
1 x SSC at 60°C, dried and ex to flash-activated X-ray film (Kodak 
X-omat H) at —70 °C overnight**. As a template for nick-translation, BPV 2 
DNA was purified by EtBr/CsC! gradient centrifugation and, as will be 
described elsewhere (M.S.C. et al., in preparation), molecularly cloned in 
pAT 153, a derivative of pBR322 plasmid vector. The molecular weights 
(x10~°) of HindIl-digested BPV 2 DNA have been included as references 
for DNA fragment length. The sensitivity of these experiments was between 
one and two viral genome equivalents, based on reconstruction experiments. 
r, Relaxed circles; 1, linear molecules; t, twisted circles. 


bovine palate at the 17th passage and is henceforth designated 
17PAL/BPV 2. The properties of the cell lines will be described 
elsewhere but all three exhibited a phenotype with features 
characteristic of cellular transformation including loss of contact 
inhibition, growth in agarose, tumour production in heterolo- 
gous hosts and altered cell morphology compared with normal 
cells. Some of these characteristics have been described pre- 
viously'*. High-molecular weight cellular DNA was prepared 
from each cell line at various passages and cleaved with the 
restriction enzymes EcoRI, HindIII and HindIl. The cleavage 
products were separated according to their molecular weights by 
agarose-gel electrophoresis and the resulting fragments trans- 
ferred to nitrocellulose’. DNA sequences complementary to 
BPV 2 DNA were detected by hybridizing a BPV 2 DNA probe 
radioactively labelled with *’P to the nitrocellulose sheets. The 
template for the probe represented the BPV2 genome ligated to 
plasmid vector pAT153 and molecularly cloned in Escherichia 
coli (M.S.C. et al., in preparation). The cellular DNA frag- 
ments which hybridized to BPV 2 DNA are shown in Fig. 1. 
In all three cell lines, BPV 2 DNA sequences were detected at 
electrophoretic mobilities corresponding to the fragments 
expected from cleaving BPV 2 DNA with the same enzymes. 
Unrestricted DNA produced fragments which co-migrated with 
the two molecular forms of BPV 2 DNA: forms I and II, cor- 
responding to twisted circular and relaxed circular molecules, 
respectively. EcoRI does not cleave BPV 2 DNA, HindIII cuts 
once (linear form of molecular weight 5 x 10°), and HindII cuts 
four times, producing fragments with molecular weights of 2.05, 
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1.67, 0.87 and 0.51 x 10° (refs 1, 4). Cleaving the DNA of the 
three cell lines independently with these enzymes produce DNA 
fragments which co-migrated with the fragments produced by 
cleaving BPV 2 DNA. The slightly slower mobility of the two 
forms of viral DNA in the unrestricted samples compared with 
the EcoRI-restricted ones and the marker DNA is probably due 
to the generally slowed migration of DNA fragments when a 
large amount of high-molecular weight DNA is present. There is 
no hybridization of the BPV 2 DNA probe to DNA derived 
from normal calf testis, spleen, liver, kidney, brain or salivary 
gland data (not shown). 

To estimate the amount of BPV DNA in individual cell lines, 
DNA was loaded on to nitrocellulose disks and hybridized to the 
BPV 2 DNA probe” (see Table 1). Each cell line contained 
multiple copies of the BPV 2 genome, ranging over 33-55 viral 
genome equivalents per diploid quantity of cell DNA. In situ 
hybridization with BPV 2 complementary RNA(cRNA) was 
performed to determine whether viral DNA was accumulating 
in all or a few cells of each line. Table 1 shows that in each cell 
line a very low percentage of the cells were positive by this test 
and therefore contained disproportionate amounts of viral 
DNA. Figure 2 shows such a positive cell in the 16CON/BPV 2 
cell line. Although the autoradiograph was exposed for 1 week, 
the same distribution of positive cells was observed after 2 
months’ exposure (data not shown). 

The cell lines were also examined by various methods for the 
presence of virus particles or antigens. An extensive electron 
microscopy search of 1,200 nuclear profiles for each cell line was 
carried out. Spent culture medium was bulked and pelleted: 
pellets were subjected to velocity gradient and isopycnic centri- 
fugation and appropriate bands were examined by negative 
Staining. Cells were examined immunohistochemically by a 
peroxidase—anti-peroxidase (PAP) technique using a potent 
antiserum to SDS-disrupted ‘virions’ prepared in rabbits. This 
antiserum has a titre of 1: 20,000 against BPV 2 virions in skin 
papillomas. However, no evidence of virus or viral antigens was 
found. 

These results are interesting for several reasons. First, this 
constitutes the first detection of papillomavirus DNA in in vitro 
transformed cells of the natural host. Second, while we cannot 
completely rule out the existence of a few subgenomic viral 
DNA sequences integrated into the host genome, it is clear that 
the most viral DNA sequences exist in free form. This viral DNA 
most probably represents an episomal state as we have consis- 
tently failed to detect either virus antigens or virus particles in 
these cell lines. The few cells containing high amounts of viral 
DNA probably result from the very rare induction of dis- 
proportionate viral DNA synthesis, and their low frequency 
suggests that they are highly unlikely to contribute significantly 


Table 1 Detection of BPV 2 DNA in transformed cells 


Average % Cells 
viral positive by 
c.p.m. 2p genome in situ 
Cell DNA* hybridizedt equivalents hybridization 

12CON/BPV 2 2,022+80 55 0.02 
16CON/BPV 2 1,209+55 33 0.5 
17PAL/BPV 2 1,397+35 38 0.1 
Calf testis 155+15 <1 — 
Blank filter 132+12 oe =- 
2 ng BPV2+calf 1,829+14 50 — 
5 ng BPV2 testis 4,599 +37 125 = 





20 ug DNA per filter were hybridized to 0.1 pg ml ‘[a-**P]BPV 2 
DNA probe in 6xSSC, 10x Denhardt's containing 50 pg ml ' calf 
testis DNA, 10 ug ml’ poly(A), 10 pg ml‘ yeast tRNA, 0.1% SDS at 
70°C for 20h. The average viral genome equivalents per diploid 
quantity of host DNA were calculated based on the 5 x 10° MW (viral) 
and 3x 10'? MW (host) DNA. See Fig. 2 legend for the conditions of in 
situ hybridization. 

* 24th passage in cell culture. 

+ Average of three separate determinations. 





Fig. 2 Jn situ hybridization of BPV 2 cRNA to BPV 2-transformed cells. 
BPV 2 cRNA was synthesized using E. coli RNA polymerase and all four 
ribonucleotide triphosphates labelled with °H according to previously 
described procedures”; the specific activity of CRNA was 210’ c.p.m. 
per ug. Cells were fixed at the 24th passage in culture in methanol/acetic 
acid (3:1), denatured in 0.05 M NaOH, and hybridized with 3 ng pl`' 
*H-labelled BPV 2 cRNA for 16 h at 60 °C in 3 x SSC. After hybridization, 
the cells were treated with 30 pg mI ' pancreatic RNase at 37 °C for 30 min 
extensively washed with 2 x SSC and finally air dried. Autoradiography was 
performed using Ilford K2 emulsion and the autoradiographs exposed at 
4°C for 1 week. After developing, fixing and washing with distilled water, 
cells were stained in 6% Giemsa in phosphate buffer as described else- 
where. 


in the analysis of viral DNA detected here. In addition, further 
passaging in culture led to a disappearance of these cells, while 
the viral genome number remained at ~30-50 copies (not 
shown). We are now analysing cell clones to determine whether 
the viral genomes are equally distributed throughout the cell 
population. 

Recently there have been reports of non-integrated papil- 
lomavirus DNA in tumour cells derived from natural infection 
with papillomavirus*?°*’. If non-integration of papillomavirus 
DNA into the host cell genome becomes a general finding then 
the comparison with other members of the Papovavirus family, 
where integration of viral DNA is usual, could be highly 
significant in terms of the analysis of oncogenic virus—cell inter- 
actions. 

Finally, our results underline further the difficulty in estab- 
lishing a suitable in vitro tissue culture system to propagate 
papillomavirus; thus far the keratinizing cells of the dysplastic 
epithelium of naturally occurring tumours represent the only 
site in which virus particles have been identified. 

This work was carried out with the aid of grants from the 
Agricultural Research Council (AG. 17/112), the NIH 
(NO1 CP 81022) and the Cancer Research Campaign 
(916/800/2). We thank Mrs Ellen Leighton and Mr Brian 
O'Neil for technical assistance. M.S.C. is a recipient of a CRC 
Career Development Award. 

Note added in proof: Law and colleagues” have recently 
detected non-integrated viral DNA in mouse cells transformed 
in vitro by BPV 1. 
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Evolution of rRNA 
and origin of mitochondria 
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The origin of mitochondria has remained a matter of discussion 
and speculation since Altmann first proposed the endosymbiont 
hypothesis in 1890'. Mitochondria may have arisen by the 
invasion of aerobic’” or anaerobic photosynthetic’ bacteria into 
ancestral protokaryotic cells, or in a non-symbiotic fashion by 
compartmentalization of episomal DNA**. We have now tested 
these hypotheses by comparing nucleotide sequences of small 
ribosomal subunit RNA (S-r RNA) genes from mitochondria of 
Aspergillus nidulans, yeast’, man? and mouse’, from nuclei of 
yeast?’ and animals'*~'*, and from Escherichia coli** and maize 
chloroplasts. All rRNA molecules deduced from gene 
sequences share several regions of conserved primary and 
potential secondary structure. An evolutionary tree analysis of 
gene sequences supports the endosymbiotic eubacterial origin of 
fungal mitochondria and further suggests an independent 
bacterial origin of animal mitochondria. 

Figure 1 compares the A. nidulans mitochondrial (mt) S- 
rRNA gene sequence’® with all published sequences. The 
recently determined sequence of the Xenopus laevis nuclear 
gene (not included in the compilation) shows extensive 
homology to the yeast nuclear sequence’. It is clear that all 
S-RNA molecules share several sequence-conserved regions 
around matrix positions 570, 990, 1,120, 1,680 and 1,810. The 
two 3'-terminal regions contain sequences of 18 and 15 nucleo- 
tides, respectively, common to all species with the exception of 


the two fungal mitochondrial sequences. The 3'-terminal 
sequence -CCUCCU- of bacterial anc chloroplast $-rRNA 
interacting with mRNA during polypeptide chain initiation" is 
missing in all nuclear and mitochondria’ sequences, indicating 
that a bacterium-like mechanism of MRNA recognition does not 
operate in mitochondria. 

In a second class of regions the bacterial, chloroplastic and 
fungal mitochondrial sequences are more closely related to each 
other than to the nuclear sequences (5'-terminal region between 
positions 10 and 70, and regions around positions 110, 320, 380 
and 1,600). The third and most abundant class of S-r RNA gene 
regions does not show significant homology between the various 
species, and most of the deletions are found in such variable 
regions. The number of deleted nucleotides relative to the 
nuclear sequence increases in the order: E. coli, chloroplasts, 
fungal and mammalian mitochondria. 

Figure 2 demonstrates that the A. nidulans mt S-rRNA 
molecule (as deduced from the DNA sequence) can be folded in 
almost exactly the same way as proposed for E. coli 168 
rRNA". Using the alignment of Fig. 1 we also obtained very 
similar structures for yeast cytosolic and human mt $- rRNA, 
The yeast 18S rRNA model differs in some details from that of 
Brimacombe”™, which was based on incomplete sequence data. 
The product of the X. laevis gene’’ can be folded exactly like the 
yeast molecule. 

The conservative features of all S-rRNA molecules (Gee 
Fig. 2) include six hairpin structures, seven long-range inter- 
actions and several single-stranded sequences (hairpin loops and 
stem-connecting loops). Almost all modified nucleotides of the 
E. coli molecule’? are located in this conserved core region, 
which may be involved in the essential functions of the small 
ribosomal subunit. 

Figure 2 also shows that the yeast cytosolic molecule differs 
from the bacterial and mitochondrial species by several inserts 
of low potential secondary structure (see left half of the model), 
and that the two mitochondrial species of A. nidulans and 
human cells have progressively deleted peripheral structures of 
the bacterial molecule. 

We have selected six relatively conserved and non-deleted 
regions of S-rRNA genes (Fig. 1, positions 6-70, 548-632, 
1,083-1,213, 1,408-1,500, 1,619-1,700and 1,789~1,853) fora 
phylogenetic tree analysis’’*'. Table 1 shows the combined 
difference matrix of all compared sequences and, separately for 
each region, the relative affinities between bacterial and 
organelle sequences. In all six regions of the 8-rRNA genes the 
chloroplastic and mitochondrial sequences are more closely 
related to the bacterial than to the nuclear sequence, and the 
prokaryotic affinity decreases in the orcer: chloroplast, fungal 
mitochondria, mammalian mitochondria. 

Partial sequence data of the A. nidelans nuclear S-rRNA 
gene (P. Borsuk, H.G.K. and H.K., unpublished) indicate that 
the average substitutional distance between yeast and A. nidu- 
lans nuclear sequences is at least three times less than the 
distance between the corresponding mitochondrial gene 
sequences, suggesting a higher rate of nucleotide substitution in 
fungal mitochondria. The difference between mitochondrial and 
nuclear rates of substitutions in rRNA genes is even higher in 





Table 1 Difference matrix of S-rRNA gene regions 


Difference 


(% of all positions in regions 1-6) 


arte tt Peitteet atiera eaaa aanmer Tah ara WP Ay HT AAAA ent herder Serr a a i a 


eR A i i a LA OAIE ey AAS RENNER a ESEA 


Difference :o yeast, n 





Difference to E. col! 


AAAA MAASI A Mateo niri A irernei nehera Aaaa Eaa ananda annaa aAA aA Hi SANE eel bel 


Xenopus Yeast Maize A. nidulans Yeast Human In region 

n n E. coli ch mt mt mt 1 2 3 4 §+6 
Yeast, n 10.1 
E. coli 38.9 35.7 
Maize, ch 41.3 37.8 14.7 4.70 2.92 3.34 2.58 1.84 
A. nidulans, mt 48 3 48.0 34.4 35.7 1.94 1.25 1.40 1.44 1.214 
Yeast, mt 49.2 47.6 42.6 43.4 29.2 1.56 1.34 1.31 1.30 1.19 
Human, mt 49.6 49.7 42.6 43.4 45.6 46,2 1.23 1.20 1.34 1.19 1.20 
Mouse, mt 50.6 $0.3 45.6 47,2 46.2 47.2 18.2 1.13 1.15 1,04 1.10 1.12 

ec a a a a a a Se eae ecco at tes ee ae A 


Genes from: n, nucleus; ch, chloroplast; mt, mitochondrion. 
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yeast n -----TA AGTCATATGC ITG 
E.coli AAATTGA NGATTGAACGC ; 
maize ch CTCATGG NGGATGAACGC IGE CGGCATGOPT -AACACATGCAAGTCGAACGGGAAGTGG ~~ === == === = TCTTTCU----- 84 


GAT PAAR CCATGCAIG IC TMAAGTATAAGCAATTTATACAGTGAAAC TGCGAATG 95 





yeast mt ATTTATA ' JAQAT-GACGCATACGAGTCATACGTTTATTATT-GATAAGATAATAAATAT--GT 96 
A.n, mt AAAA -GACACATGCTAATCGAACGACTAATT--AGTTATTA-AACTAAG-T-AGT 94 
human mt ----AA : TT --ACACATGCAAGCATCCCCGTTCCAGTGAGTT -CACCCTCTAAA-TCACC 90 


mouse mt <-<--- ATT --ACACATGCAAACCTCCATAGACCGGTGT~AAATCCCCT-~TAAA--CATT 27 


200 
yeast n GCTCATTAAATCAGTTATCGTTTATTTGATAGTTCCTTTACTACATGGTATAACCGTGGTAATTCTAGAGCT-AATACATGCTTAAAATCTCGACCCTTT 194 
E.coli AGTGGCGGACGGGTGAGTAAT -GTCTGGGAAACTGCCTGATGGAGGGGGATAACT ACTGGAAA-CGGTAGCT-AATACCGCATAACG-TCGCAAG----=- 190 
maize ch AGTGGCGAACGGGTGAGTAAC -GCGTAAGAACCTGCCCTTGGGAGGGGAAC AAC AACTGGAAA-CGGTTGCT-AATACCCCGTAGGC-TGAGGAG-<--- 174 
yeast mt GGTG-TAAAC--GTGAGTAA--TTTTATTAGGAATTAATGAACTATAGAAT=-AAGCT-=~AAA-TACTTAATATATTATTATATAAA=AATAATTTATAT 185 
A.n. mt AGTGGTGTACAGGTGAGTAAAAGATAATTTGGCTACCTTAAAGTAAGG~------~--GGAAA----------AAT~-CCCTTATAAA-AAGAAAG----- 167 


human mt wwwwwwwwwww@ACGATCAAAAG-GAA-CAAGC <<< <n nw ewww mw ewe ewww wes ee ee Se eee eC eee eee ee eee ee Se eS ef eS ee Se Se Se Se eS ee ee eee eS 109 
mouse mt woe e eww one nm=TACTTAAAATT —--AAGGAGA @ <<< <<< nee soe oe 2 22 26 lel | = ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee 106 
300 


yeast n AGATGTATTTATTAGATAAAAAATCAATGTCTTCGGACTCTTTGATGATTCATAATAACTTTTCGAATCGCATGGCCTTGTGCTGGCGATGGTITCATTCA 299 
E.coli ~<----ACCAAAGAGGG~---GGACCTTCGGGCCTCTTGCCATCGGATGTGCCCAGATGGGATTAGCTAGTAGGTGGGGTAACGGCTCA=CCTAGGCGACG- 280 
maize ch «<«<<----CAAA-AGGA---GAAA-TCCGCCCAAGGAGGGGCTCG-CGTCT --------GATTAGCTAGTTGGTGAGGCAATAGCTTA-CCAAGGCGATG=- 251 
yeast mt ~~~-~-~AATAAAAAGGATATATATATAATATATATTTATCTATAGTCAAGCCAATAATGGTTTAGGTAGTAGGTTTATTAAGAGTTAAACCTAGCCAACG- 279 
A.M. mt =----GAAAAAGAAGGE <<< -----TCCGC--TTTAAGATGTTAATTATTATC A~-==CGG-TGAG=TAGTAGTAAAGGTAATGACTTTA=CTA=-GCTA-A= 243 
human mt eRe eee eee eee eee Re REE eee eee ee eee ee eee eee eee ewe nwo @ATCAAGC = ACGCAGCA}- 12! 


4OU 
yeast n AATTTCTGCCCTATCAACTITCGATGGTAGGATAGTGGCCTACCATGGTTTCAACGGGTA-ACGGGGAAT AAGGGTTCGATTCCGGAGAGGGAGCCTGAG 398 
E.coli -ATCCCTAGCTG-GTCTGAGAGGATGACCAGCCA---CACTGGAACTGAGACACGGTCCAGACTCC TACGGGAGGCAGCAGTGGGGA-ATATTGCACAA-=} 373 


maize ch -~ATCAGTAGCTG-GTCCGAGAGGATGATCAGCCA---CACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGC AGCAGTGGGGA~ATTTTGCACAA~ J44 
yeast mt ~ATCCATAATCGATAATGAAAGTTAGAACGATCA~--CGTTGACTCTGAAATATAGTCAATATCTATAAGATA -~-~CAGCAGTGAGGA~ATATTGGACAA~ 371 
A.n., mt -ATCCGTAGTCGTGACTGAGAGGTCGATCGACCA---CATTGGGTCTGAAAAAACCCCAATGCGTTTTA=GTA--CAGCAGTGAGGA~ATATTGGTCAA~ 334 
human mt ~aT--GCAGCTC-AAAACG-CTTA-GCCTAGCCA---CAC------- == == <== = 25-3 ===-CCCCACGGGAAACAGCAGTGATTA~ACCTTTAGCAA- 191 
mouse mt -~TTAAAAAGCTT-AAGACACCTTGC-CTTAGCCA---CAC --= = 2 == === === === === === = CC CCACGGGACTCAGCAGTGAT=A=ATATTAAGCAA~ 189 


2 500 
yeast n ,AAACGGCTACCACATCCAAGGAAGGCAGCAGGGGCGCAAATTACCCAATCCTAATTCAGGGAGGTAGTGACAATAAATAACGATACAGGGCCCATTCGGG 498 
E.coli ----TGGGCGCAAGCCTGATGCAGCCATGCCGOGTG -TATGAAGAAGGCCTTCGGGTTGTAAAGTAC ----------= @---TTTCAGCGGGGAGGAAGG 453 
maize ch ~.~.~-TGGGCGAAAGCCTGACGG TG-GAGGTGGAAGGCCTACCGGTCGTCAACTTC------------=--TTTTCTCGGAGAAGAAA- 423 
yeast mt ~..-~TGATCGAAAGATTGATCC GG--ATGATATATAAAAATATTTTATTTTATTTAGTT---------CCGGGGCCCGGCCACGGAGC 456 

















Aen. mt ...-TGGCCGAAAGGC-GAACC AG - -AATGAAAGTG -TATTATAATAATACAAT AA --------------- CGATTATATCGTATAAAA 411 
human mt ....TAAACGAAAG--------4TTTAACTAAG------- an an uneneerendy deentnah ap quan Ri Gen ti thenen ch aimbath a ae ia eae Gn ean eb an aaa hig ee ap 210 
mouse mt __..~TAAACGAAAG-------- GACTIAAG -- - ------- - = - - = = $e nn enn errr rrr nnn ---------- 210 
600 
yeast n TCTTGTAATTGGAATGAGTACAATGTAAATACCTTAACGAGGAACAATTGGA ; 598 
E.coli = .GAGTAAAGTTAATACCTTTGCTCATTGACGTTACCCGCAGAAGA : vr 552 
maize ch .......-.~--2 o-oo ee  -CAATGACGGTATCTGACGAATA 498 
yeast mt cGTAATAATATTAATTTA-TTATTATTAATAATATATTTTAATA-- : 694 
A.n., mt __TPTrCTAAATAGAATAATGATAATGACAATITTCTATTTATAA----GTCTTGACCAAACTACCTQCCAGCAGTCGCGGTAA GTGT 505 
AULAN ME Ccncapaencuncocedotmun w<=-=CTATACIAACCOCCA<<<<<< GGTTGGTCAATTT -CGTGCCAGCCACCGCGGTC 274 
MOUSE Mt QW ucccoccecoccocccceccnnnscs TTATACCTCTTA-<--<- S;GGTTGGTAAATTT -CGTGCCAGCCACCGCGGTC 272 


700 






yeast n GCTCGTAGTTGAACTTTGGGCCCGGITGGCCGGTCCGATTTTTICGTGTACTGGATTTCCAACGGGGCCTTTCCT 698 
E.coli AAAGCGCACGCAGGCGGTTTGTT AAGTCAGATGTGAAATCCCCGGGCTCAACCTG=-GGAACTGCATCTGATACTGGCAA 648 
maize ch AAAGCGTCTGTAGGTGGCTTTTCAAGTCCGCCGTCAAATCCCAGGGCTCAACCTG--GACA-GGCGGTGGAAACTACCAA 595 
yeast mt AAAGGATCCGTAG------------------AATGAATTATATATTATAATTTAG-----AGTTAATAAAATTAATTAAA 766 
A.n, mt AAAGGGTACCTAGACGG----------------TAAATTAAA-~--CTCTAAATG-----AGTACTTA----- TTTACTA 575 
human mt Gr AAAGAGTGTTTT------ ween enon en - === AGATCACCCOCTCOCCAA $< 222-2 enn nen eee ee a 320 
mouse mt T AAAACGTGTCAA~---------------------- CTATAAATAAAT=--AAAT -<------------------------- 316 


800 
yeast n TCTGGCTAACCTTGAGTCCTTGTGGCTCTTGGCGAACCAGGACTTTTACTTTGAAAAAATTAGAGTGTTCAAAGCAGGCGTATTGCTCGAATATATTAGC 798 
E.coli GCTTG--AGTCT--CGTAGAGGGGGGTA~-----GAATTCCAGGTGTAGCGGTGAAATGCGTAGAGATCTGGAG~GAATACCGGTGG-CGAAGGCGGCCCC 737 
maize ch GCTGG--AGTAC--GGTAGGGGCAGAGG -----GAATTTCCGGTGGAGCGGTGAAATGCATTGAGATC =GGAAAGAACACCAACGG=CGAAAGCACTCTG 684 
yeast mt GAATT--ATAAT--AGTA----AAGAT~-----GAAATAATAATAATAAT~TATAAGACTAATATATGTGAAAATATTAATTAAATATTAACTGACA~~= 848 
A.n., mt GAGTT--TTA-T---GTAA--GAAGGAA-----GAAGCTCTGGAGTAGTGATATAATACGTATATACC -AGAGAGACTGGTAACGG-CGAAGGCATCCTT 660 
human mt ----------------TAAA-GC-TAAA---~--ACTCACCTG-~AG-----TTGTAAAAAACTCCAGTT ==GACACAAAATAGACTA-CGAAAGTGGCTTT 388 
mouse Mt «<<<<<<<<<-<--<<---A-GAATTAA~----AAT--CCA--AC=TTATATGTGAAAATTCATTGTTAGGACCTAAACTCAATAACGAAA-GT-TAATT 383 


* 900 
yeast n ATGGAATAATAGAATAGGACGTTTGGTTCTATTTTGTTGGTTTCTAGGACCATCGTAATGATTAATAGGGACGGTCGGGGGCATCGGTATTCAATTGTCG 898 
E.coli CT aww www www www en ewww eww ee www eww ween wn ww ww own noon nnn ono = = GGACGAAGACTGACGC TCAGGa-e nnn ewww wneneene--= 760 
maize ch CT -<------222- 202 nnn oo nn nn nn on oo no nn oo oo oo ooo = = =< GGGCCGACACTGACACTGAG Ann nnn nnn nnn nnnenne--- 707 
yeast mt -------------------------- 2-20 2 o-oo oo ee oe Mm = = = = = - PTG AGGGATT AAAACT~AGAG~------------------- 868 
Asn, mt CT-------------2--- 2 o-oo ee oe oo = = ATCT AAAAACTGACGTTGAGG ~~ = ------------------ 683 
human mt «<<<---<--2-2---2 2-2-2222 nn oo nnn no oe oe = = = = AAC ATATCTGAA===CACAG Anon nn nnn nnn nnn nn -=--> 6416 


mouse mt -<-------------.--------- 2-2 oo oo oo nn nn oo 2 = = C= TAGTCATTTATAATACACG<-------------------- 393 
1000 
yeast n AGGTGAAATTCTTGGATTTATTGAAGACTAACTACTGCGAAAGCGTTTGCCAAGGACGTTTTCGTTAATCAAGAACGAAAGTTGAGGGATCTGATACCGT 998 
E.coli. w@w220--n nn nnn nnn eee = = = + = = = - = = - TCG AAAGCGTGGGGAGCAAAC =-=- === === 2-2-2222 one A GGATTAGATACCCT 797 
maize ch «<<«<<<------------- 22 n nn oe ooo = = -GACGAAAGCTAGGGGAGCAAAT <<< 2-- 2-222-220-2222 n= ===GGGATTAGAGACCCO 74h 
yeast mt --------------------------- + -- === - TCG AAA -C on nnn nnn nnn nnn nnn nnn nnn nnn nnn nn---=-GGATTCGATATTCG 890 
Aun, mt «ccn2-2-2--~ e+e ee + - - = = - GACGAAGGCTTGGGTAGCAAGA~---------------- wnnnnnn-=--AGGATTAGATACCCT 720 


human mt wee www www we ww www www ww en en nnn one nnn = = ATAGC=TAAGACCCAAACT #0 0 nn nnn enn nnn n nnn nnn===GGGATTAGATACCCC 4439 
10 20 10 iT) 50 60 70 80 90 100 
JUHU UWUUjCUUtttTr CGO tnH .! | ss... Sn nnn ee EEEeEnEEIEEEsnenemeend 


Fig. 1 Alignment of S-rRNA gene sequences from yeast (Saccharomyces cerevisiae ) nuclei’? and mitochondria’, E. coli (rrnB)'*, maize chloroplasts** and from 

mitochondria of A. nidulans, human? and mouse’ cells. The sequences start with the putative S' termini of the gene products, and the nucleotide numbers of the 

individual sequences are indicated at the end of each line. The sequences were superimposed to maximal sequence homology by introducing a minimal number of gaps 

(dotted line). The boxed regions can form base-paired hairpin stems (brackets) or far-range interacting stems (numbers 1-7) in analogy to the secondary structure 

model for E. coli 16S rRNA"*. Nucleotides 459-600 of the yeast mt sequence’ were omitted (between positions 502 and 503). The alignment includes two 3’-terminal 
sequences from Drosophila melanogaster? and Bombyx mori'* nuclei. 
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CGTAGT-CTTAACCATAAACTATGCCGACTAGATCGGGTGGT--GTTTTTTTAATGACCCACTCGGTACCTTACGAGAAATC-AAAGTCTTT GTTCTG 
GGTAGT-CCACGCCGTAAACGATGTCGACTTG-----GAGGTT-GTGCC-CT--TGAGGCGTGGC -TTCCGGAGCTAACGCGTTAAGTCGA GCCT--G 
AGTAGT -CCTAGCCGTAAACGATGGATACTAGGT -----GCT--GTGCGACT--CGACCCGTGCAGTGCTGTAGCTAACGCGTTAAGTATC GCCT--G 
TGTAGTTTCTAGTAGTAAACTATGAATACAATTATTTATAA}=-<--=-=-TATATATTATATATAAATAATAAATGAAAATG~AAAGTATTIC C 
AGTAGT-CCAAGCAGACAATGATGAATGTCATAGACTAGAAAAAGTCGTTTAGACTATAAATTTAGTCTATAAATGAAAGTG-TAAGCATTC cc 
ACTATG=-CTTAGCCCTAAACC-TCAACAGTTAAATCAA=$CA m3 3 oe nn nn nn nnn nnn nnn nnn nnn weer ~----~AAACTGCTE -GC 
ACTATG-CTTAGCCATAAACC-TAAATAATTAAATTT AAC A == = <3 oe wn nw nn nnn nn woe ee -=-= ween -AAACTA 











7 1300 
CAGACACAATAAGGA~-TTGACAGAT-TGAGAGCTCTTTCTT--GATTTTGTGGGT--GGTGGTGCATGGCCGTTTCTCAGTTGGTGGAG 








ACAT-CCACGGAAGTTTTCAGAGATGAGAA . -GTGCCTI'CGGGAACCGTGAGACAGGTGCTGCATGGCTGT-CSTCAGCTCGTGTTG 
GACATGCCGC -GAA-TCCTCTTGAAAGAGAGGGGTGCCL TCGGGAACGCGGACACAGGTGGTGCATGGCTGT-CGTCAGCICGTGCCG 


TT GA-ATATTATAATAATTATTATAATTATTATATT------------------- ACAGGCGTTACATTGTTGT-CTTTAGTTCGTGCTG 
TE GA-ATATTTT -< -- 2-14a MMMM MMMM ACAAGCGCTGCACGGCTGT-TTTTAGTTAATGTCG 
TCACQ Se cwenecamesecwen eens eneconncewence= PE E INE hat ke ate ome io me actneh anita kta a a ale mca ene ane 
TCACH CTAA----- Aaa aE TRAM a k nananana aana 


oo 
TGATTTGTCTGCTTAATTGCG-ATAAC -GAACGAGAC=CTTAACCTAC-TAAATAGTGGTGCTAGCATTITGCTGGTTATCCACTTCTTAGAGGGACTATC 
TGAAATGTTGGGTTAAGTCCCGC -AAC -GAGCGCAACCCTTATCCTTTGTTGCCAGCGGTCCGGCCGGGAACTCAAAGGAGACTGCC ~---AGTGATAA-- 
TAAGGTGTTGGGTTAAGTCTCGC-AAC -GAGCGCAACCCTCGTGTTTAGTTGCCACTATG~--AGTTTGGAACCCTGAACAGACCGCC ---GGTGTTAA~- 









CAAAGTTTTAGATTAAATGTGCATAAAUGAGCAAAACTCC------------------- wo ww wn noe ATATATATAATTTTATA}=---TTATTITA--- 
TGAGATCT--GGTTAAGTC =CTTTAATTAACGAAAACCCTCA-CTTTATTTGCA}~-<-------------TTTATAAAGTTGATCGCC ------TTTAT--~- 
wee ew ewww ce www ww eww www coe eww we ww we ee ew nn oe een oe ne none eens ene nn==CTCAGCCTATATACCGCC---ATCTTCAG<~- 
ee oo on oe oe oo + eo nn ee = - = + === TICAGCCTATATACCGCC---ATCTTCAG-- 
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QrACACTGACGGAGCCAGCGAGTC 
GC TACAAT---GGCGCATACAAAGA 

GC T ACAATG~-GGCGGG-ACAAAGG 

CT ATAATAA-AATGATAATAAAAT 
OCACA-TA--TGCCTTTACAAAGG 
GTAGCCCA-TGA-GSTGGCAAGAAATG 


GGTTTCAAGCCGATGGAAGTITTGAGG-CAATAACAGGTCTGTGATGCCC$TTAGAA 
oa == ---ACTGGAGGAAG-GTGGGGATGACGTCAAGTCA-TCATGGCCCTT---Aq 
o-------GCCGGAGGAAG -GAGAGGATGAGGCCAAGTCA--CATGCCCCTT---A 
maa = == TTAATATAAAG~AAAGGAATTAAGACAAATCA=-TAATGATCCTT---A 
-=-= --ATTGGTTAGATAATAGGGATTAAGACAAGTCA-TCATGG-CCTTA--A 
wae -=-=-C AAACCCTGAT -GAAGGCTACAAAGTAAGCGC ~AAGTAC-CCACGTAAAGACG TT AGGTC 





won -=-~CAAACCCTAAA--AAGGTATTAAAGTAAGCAA~-AGAATCAAACATAAAAACGTITAGGTCAS GTAGCCAA-TGA-AATGGGAAGAAATG 
1600 

ee TAACCTTGGCCGAGAGGTCTTGGTAATCTTGTGAAACTCCGTCGTGCTGGGGATAGAGCATTGTAAT 
Se wwe w eww ne weencoesnnsees= occnen GAAGCGACC TCGCGAGAGCAAGCGGA-CCTCATAAAG I'GCGTCGTAGTCCGGATTGGAGTCTGCAAC 
Seuccesenecececan= wren eenn----- --GTCGCGATCTCGCGAGGGTGAGCTAA-CTCCAAAAAC =CCGTCCTCAGTCGGATTGCAGGCTGCAAC 
TATATAAAATATATTTAATTATATTTAATTAATAATATAAAACATTTTAATTTTTAATATGTTTTTTTATTATATATTAATATGAATTATAATCTGAAAT 
re eoeennennn=--- oo------ GATGCGATTTTGTGAAA TTGAGCTAATCCCCCAAAAA-AGGATATAATATGGATTGTAGTCTGTAAC 
we wee enn nnn n nee ---- == ~<<------ --GGCTACATTTTCTA--------- @#---CCCCAGAAAA------- --CTAC-GATAGCCCTTATGAAA 
ooo noo oe - ~~ +--+ -=-= --GGCTACATTTTCTT----------- ATAAA-AGAACA---<----- TTAC-TATACCCTTTATGAAA 
+ ae pert 1700 









i TCATTAAG~4TCGCATTGATTAC 















TAAG CGCGTTGATTAGGTCCQTGCCCGTTGTAACCACACCGCCCGTCGCTACTAC 
TATTGCTCTTCAACGAGG TAAG-CGCA C'TGCGTTGATTAQGTCCQTGCCCTTTIGT~AC-ACACCGCCCGTCGCTAGTAC 
TCGACTCCATGAAGTCGG: TAAT-CGTG 2 TTC T-AC-ACACCGCCCGTCAC-ACCAT 
TCGCCTGCATGAAGCAGG GGC GAATCCGTTCQCGGGCC T-AC-ACACCGCCCGTCAC-ACTAT 
TCGATTATATGAAAAAAG TAA ; AATATTCTAA-CTGTTTCGC -ACTA-ATCACTCATCAG-GCGTT 
TCGACTACATGAATAAGG AATTAAAAASTCAGCTGGGT}-ACTA-ACCACTCGTCAG-GCGCT 


AACAGGGCC OTGAAGCGGGT-AC - ACACCGCCOGTCAC-CCTCC 
AATTGAGCA AAGTAGGC -AC-ACACCGCCOGTCAC-CCTCC 





CTAAAGGACT -AAGGAGGA GTAGTAAA-TTAAG 


1700 
CGATTGAATTATTTAGTGAGGTC TCCGGACGTGATCACTGTGACGCCTTGCGTG [TACGGTTGTTTCGCAAAAGTTGA~-~--CCGAACTTGAT (ATTTA-G 
CGATTGAATGATTTAGTGAGSTCTTCGGACC -GA-CACGCGG [GG-CTT-CACGGC -CG-TCGGCGTTGGAAAGTTGA~--CCAAACTTIGATCATTTA<-G 


CGATTGAATGGCTTAGTGAGGCCTCAGGATCTGCTTA-~-GAGAAGGGGGCAACTCCATC - TCAGAGCGGAGAATTTGG~-~- -~ACAAACTTGGTCATTTG-G 
GGGAG<--TGGGTTGC AAAAGAAGT -AGGTAGC -TTAACCTTCGGGAGGGCGCTT = = = ee nn en eee nnn ACCACTTTG-TGATTCATG 
AGGAG=--CTGGCCAGGTTTGAAGTCAT-TACCCTTAACCGTAAGGAGGGGGAT ===- === = ee en ee eee GCCTAAGGCTAGGCTTGCG 
GAAACATATTATTATCTTATTATTTATATAALTATTTTITAATAAATA PTAA TAATTATTAATTTATATTTA}~----- =-TTTATATCAGAAATAATATGA-~ 
GAAAGAAGTATGTGCAAGAAGTTTGATTTACTTATATTTALAATATALTATAATCAGTTATATATATTTATAAGTTAAATTTTCGCATGCATGACTTT--G 
TCAAG--=-TATACTTCAAAGGACATTT ~AACT = AAAACOUC Tw = m m ne a ne nn ee ree ere ee e a e e ween n= = -ACGCATTTATA 
TCAAA~}-=-TTAAATTAAACTTA~ACAT-AATTAAT ITC [AG AC H 03 ee ee ee ee ee eee ee ee ee --..--- = ------ ---ATCCGTTTATG 














~AGGAAGT AAAAGTCGTAACAAGG 
-~AGGAAGTAAAAGTCGTAACAAGG 
- AGGAACTAAAAGTCGTAACAAGG 


1790 
-ACTGGGGTGAAGTCGTAACAAGG 1541 
-~ACTGGAGTGAAGTCGTAACAAGG 1191) 
- ATTAATGCGAAGTTG-~AATACAG 16' 1 
-ATTGGTGTTAAGTCGAAATATGG 1'37 
TAGAGGAGACAAGTCGTAACATGG 95" 
~ AGAGGAGATAAGTCGTAACAAGGTPAAGCATAC 956 
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mammalian ins te as shown by restriction analyses of 
primate rDNA****. The enormous mutational rate of mam- 
malian mitochondrial genes, manifested both as nucleotide 
substitutions and deletions (see Fig. 1), has certainly obscured 
their origins. Therefore, the relatively low preference of 
bacterial affinity over nuclear affinity (Table 1) is considered 
significant. 

The sequences of regions 1 to 6 were combined to five pairs by 
constructing protosequences N (nuclei), B (bacteria/chloro- 
plasts), F (fungal mitochondria) and M (mammalian mito- 
chondria). Next, it was found that among all possible pairs 


Fig. 3 Evolutionary trees of S-rRNA_ gene 

sequences, based on six non-deleted regions (a) and 

two conserved 3'-terminal regions (5) of the sequence 

alignment. The tree topology was determined by the 

matrix method of Fitch and Margoliash®® (see 

difference matrix of Table 1). Protosequences were 

constructed as previously described*'. To each 

nucleotide or gap of an original sequence the index 1.0 1 
was given. For all positions of a given pair of sequences 
(which may consist of two original sequences, two 
protosequences or a combination of both), the 
‘nucleotide composition’ (reflecting the probability 
that a given nucleotide was at this position in the 
ancestral sequence) was determined by adding up the 
one-half indices for each nucleotide at a given posi- 
tion. The difference between two (proto)sequences 
was determined as follows. For each position the 
product of indices for all possible pairs of different 
nucleotides was determined (gap versus nucleotide: 
one-half product), and the sum of all products for a 3 
given pair of sequences ( = difference, expressed as per 
cent of all compared positions) was plotted as nodal 
point in the tree diagram. Sequences: nuclear genes of 
D. melanogaster (1), B. mori (2), X. laevis (3), S. cere- 
visiae (4) (N), E. coli (5), maize chloroplasts (6) (B), 
mitochondrial genes of A. nidulans (7), S. cere- 
visiae (8) (F), human celis (9) and mouse (10) (M). 
Numbers in parentheses refer to branch numbers (top 

of dendrogram). 


Le] 


Difference 


(2) 
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Fig. 2 Secondary structure models of 
S-rRNA molecules from yeast cytosol, 
E. coli, A. nidulans mitochondria and 
human mitochondria. The sequences 
were deduced from gene sequences (see 
Fig. 1 legend) and folded in analogy to 
the E. coli molecule'*. The conserved 
structures are shown in heavy lines, and 
the conserved hairpin stems and far- 
range interactions (1-7) correspond to 
the boxed regions of Fig. 1. Modified 
nucleotides in the E. coli molecule are 
marked by dots. 


of protosequences the pair [B,F] had the lowest substitutional 
distance. The analysis finally resulted in the tree topology 
[((B, F)M)N] as shown in Fig. 3a. 

The alternative topologies [((F, M)B)N] (common mito- 
chondrial root, prokaryotic affinity), [((F, M)N)B] (common 
mitochondrial root, eukaryotic affinity) and [(F,B)(M,N)] 
(prokaryotic affinity of fungal, eukaryotic affinity of mammalian 
mitochondria) were also tested, but were found to be much less 
favourable, because the order of successively determined nodal 
points (differences between protosequences) was reversed in all 
three cases. The same analysis was performed with the 3'- 
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terminal regions 5+6 (including two nuclear sequences from 
insects, Fig. 3b). The tree data clearly support the idea’ that 
mitochondria have originated from endosymbiotic bacteria’~ 
The alternative hypothesis, an origin of mitochondria genes by 
duplication, excision and intracellular compartmentalization of 
chromosomal genes**, would predict a common root between 
mitochondrial and nuclear genes which is not apparent from our 
data. 

The tree topology of Fig. 3 suggests an independent origin of 
fungal and mammalian mitochondria, because a common root 
could not be found for both groups of sequences. This interes- 
ting possibility can be further tested by determining and 
comparing S-rRNA gene sequences from early diverging 
eubacteria like Thermus aquaticus and Rhodospirillum rubrum 
which are possibly more related to bacterial precursors of 
mitochondria than EF. coli**’. The idea of an independent 
invasion of different bacteria into already diverged proto- 
karyotic precursors to animal and fungal cells is attractive, 
because the mitochondrial genomes of the two kingdoms differ 
in several fundamental properties like gene organization, tRNA 
structure, genetic code and codon usage**”’. 


Received 10 June; accepted 18 September 1981. 
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An archaebacterial 5S rRNA 
contains a long insertion sequence 
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Sequence characterization of 16S rRNA has revealed an ancient 
divergence that divides prokaryotic organisms into eubacteria 
and archaebacteria’. This evolutionary split is so fundamental 
that by the 16S rRNA criterion, the archaebacteria appear to be 
as distinct from eubacteria as they are from eukaryotes’. Exten- 
sive comparison of the lipids? and cell walls** of the various 
archaebacterial species strongly supports this interpretation. 
Detailed molecular investigations of the archaebacteria have 
provided | surprising findings concerning the RNA poly- 
merases””, the translation system®’, the rRNAs’° and the 5S 
rRNA*™”, Here we report the occurrence of a 231-nucleotide 
archaebacterial 5S rRNA homologue containing a 108-nucleo- 
tide segment in its interior that is not homologous to any region 
of a closely related normal-size 58 rRNA. 





* Present address: Department of Biological Sciences, University of California, Santa Barbara, 
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homologous regions of the H. morrhuae seq nce (Fig. 2) 


735 
To investigate further the evolutionary relationships among 
the archaebacteria we have undertaken a comprehensive 
comparison of the 5S rRNAs of numerous archaehacterial 
species. Especially noteworthy was the apparent absence of a 5$ 
RNA molecule in phenol-extracted cell lysates of Halococcus 
morrhuae ATCC 17082 and the occurrence of a novel band 
corresponding to a larger RNA. Subsequent: examination of 
purified ribosomal preparations confirmed the absence of 
normal-size 5S rRNA and established that the new larger RNA 
was, in fact, a ribosomal component. The latter was shown (see 
Fig. 1) to have the following sequence. 


PIU eee geet ee ee eee eee 





AAGCCCGOCCAGCGUUCCASGCGAGUACUCRIAGL GUGUGA ACCU CL OLKAA A AGH 
UCGCAAGAGGGOCCAAGUGUGAGCOCAGG MOC AAR GGT AGU ACA DER GGAGLG 
CGUCCCGGUGGAACCCOAGACTGCUCCGUUACAACTCUICA 


COCCUCCE j 

The two underlined segments were particularly dificult to 
determine due to severe band compression. The interpretation 
in both these regions relies on gels reading from one direction 
only with collaborating oligonucleotide catalogue data, Thus, 
the sequences of these areas are less definite than the rest of the 
sequence. Band compression also made it impossible to verify 
fully the cytosine at position 19. 

Comparison of the first 108 nucleotides with the known 
Halobacterium cutirubrum 5S rRNA sequence (Fig. 2) reveals 
89% sequence homology without recourse to-any insertion or 
deletion events and establishes that this novel rRNA is in fact a 
5S rRNA homologue. Beginning at position 108, the homology 
abruptly disappears and does not recur until 108 nucleotides 
later where positions 216-231 of the large RNA are 87% 
homologous with positions 109-122 of H. cutirubrum. 
Apparently a mutational event(s) has resulted in a large 
insertion in the interior of the SS rRNA without interfering with 
its ability to participate in protein synthesis. Despite the 
numerology, the primary sequence data do not suggest a dupli- 
cation event. 

The only other reported example of è significantly larger 5$ 
rRNA is in Clostridium thermosaccharolyticum’’ where the cells 
contain two 5S rRNAs, one of normal size and another with an 
additional 40 nucleotides appended to the 3’ terminus (ref..13 
and K. R. Luehrson and C. R. Woese, unpublished data), It is 
not known whether the larger variant is functional. In view of 
these facts the two phenomena seem unlikely to be related. 

Of interest is the manner in which the H. morrhuae 5S rRNA 
homologue is adapted to the structural requirements of the 
ribosomal machinery. Although the details of the 55 RNA 
secondary structure are not yet certain, comparative sequence 
analysis has shown that a minimal mode! containing five helical 
regions is applicable to eukaryotic cytoplasmic 58 rRNA“, The 
structure of eubacterial 5S rRNA, although similar, is distinct in 
that it only contains four helical regions’ of three or more 
contiguous Watson—Crick pairs. Recently several extensions of 
these helical regions have been found to be consistent with the 
comparative data when certain looped-out nucleotides are 
allowed'*?8, 

Archaebacterial 5S rRNAs from H. cutirubrum™ and Ther- 
moplasma acidophilum'* do not conform exactly to either of 
these models, but have features of both. In the case of 
H. cutirubrum, a secondary structure has been proposed’? that, 
when modified to include the appropriate extensions to the 
helical regions, closely resembles eukaryotic cytoplasm 5S. 
rRNA. The most notable differences are: (1) helix V is shorter 
than usual so that it may not be possible to form coaxial helices 
between helices I and V or between helices H and V. This is in 
contrast to eukaryotic cytoplasmic 5S rRNAs and T, acid- 
ophilum 5S rRNA where such alternative coaxial helices are 
obviously possible**. (2) The loop defined by helix INI is charac: 
teristically eubacterial in that it contains 13 nucleotides. 
sequence segment CGAAC. Most relevant here is th 
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Fig. 1 Sequence of H. morrhuae 5S RNA homologue. H. 
morrhuae ATCC 17082 was grown in van Neil’s yeast medium 
supplemented with 25% NaCl (ATCC medium 217). Cells 
were collected in stationary phase by low-speed centrifugation 
(8,000g for 15 min) and ground with twice their net weight of 
alumina (type 305). The paste was resuspended in a buffer volume 
equal to three times the wet cell weight” (10 mM Tris-HCl pH 8.0, 
50 mM KCl, 100 mM Mg acetate, 6 mM 2-mercaptoethanol), and 
the alumina and large cell debris removed by centrifugation 
(8,000g for 20 min). The supernatant was further clarified at 
30,000g for 1h and then layered over a pad of 1.5 M sucrose 
dissolved in the above buffer and spun for 11 h at 100,000g. DNA 
was carefully removed from the top of the pellet which was then 
resuspended in 0.3 M Na acetate and dialysed against the same salt 
solution. The dialysate was extracted with 2 vol of saturated phenol 
and the aqueous layer precipitated with 3 vol of EtOH. The various 
rRNA species were separated and purified by polyacrylamide gel 
electrophoresis (10% acrylamide, 7 M urea, 50 mM Tris, 50 mM 
boric acid, 1 mM EDTA) at 20 V cm ' for 3 h. Both in vitro **P 5'- 
and 3'-end-labelled*'?* RNAs were used in sequence deter- 
mination. The terminal regions were characterized as described 
elsewhere'*. To sequence the interior regions, both 5'- and 3'- 
labelled 5S and 5'-labelled fragments obtained by partial digestion 
with RNase T> (ref. 23) were analysed by rapid gel sequencing 
methods. The enzymatic method~* was used extensively with the 
cytosine/uracil distinction enhanced by the use of the recently 
described Physarum-M_ (Phy-M) nuclease**. The chemical 
method? was also used on 3'-end-labelled RNA. Sequencing 
ladders were run on thin (0.02 cm) 20% polyacrylamide gels at 
2.0kV. Pancreatic and ribonuclease T, oligoribonucleotide 
catalogues were determined’ and provided an independent check 
on the sequence results reported here. The gel shown was obtained 
by the enzymatic method on a fragment produced by prior diges- 
tion of whole 5S rRNA with ribonuclease T>. 
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Fig.2 The H. morrhuae sequence is shown in a modified version 
of the secondary structural arrangement proposed for H. cutiru- 
brum''. The insertion is shown as a looped-out region beginning 
and ending in what would usually be helical region V. The sequence 
of the insertion is given in the text. The sites of the 15 sequence 
differences relative to the revised (K.R.L. and G.E.F., unpublished 
data) H. cutirubrum sequences are indicated by the larger letters. In 
detail, according to a numbering system based on the H. cutirubrum 
sequence the changes from H. cutirubrum to H. morrhuae are (no.) 
IZU-A, 19U3-C, 24U-C, 25U-G, 40C 2A, 51 AC, 
65 U > A, 73 G> A, 76 C->G, 89C-U, 94 GA, 106 UA, 
108 C> U, 121 A -Cand 123 C> U. These include a coordinated 
pair, nos 89 and 94, that is consistent with the extension of helix IV 
proposed for eukaryotic 5S rRNAs’° 


conform exactly to the likely H. cutirubrum structure with the 
single exception that formation of the helical region V is 
thermodynamically suspect because it requires the looping out 
of the entire 108-nucleotide insertion. It is therefore unlikely 
that the insertion has seriously disrupted the usual structure of 
the homologous regions. This is further indicated by our obser- 
vation that the characteristic’? nuclease sensitivity in the loop 
defined by helix III is present in H. morrhuae 5S rRNA. A 
reasonable interpretation is that the nucleotides of the 108-base 
insert fold into a separate structural domain that can be spatially 
accommodated in the ribosome. An automated search for 
possible helical regions in the insert did reveal some prospects, 
particularly the pairing of positions 128-135 with 201-209 in 
conjunction with either 138-143 with 146-150 and 171-175 
with 188-194 or 159-164 with 189-195. 
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Nature of the charge 
distribution in proteins 
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The University of Tokyo, Bunkyo-ku, Tokyo, Japan 


The significance of the fairly strong electric fields produced by 
the electric macrodipole of the a-helix and by ionic charges in 
stabilizing globular proteins has been recognized for some 
years“. These electrostatic interactions are involved at the 
active sites of functional proteins in binding a substrate or a 
coenzyme, or in enhancing enzymatic reaction rates’, and are 
unique among the many interactions affecting protein structure 
and function because of their long range, extending over the 
whole protein molecule. We have now analysed the distribution 
of the distances separating the ionic charges (ionized groups and 
the apparent charges at the termini of the a-helices) for more 
than 44,000 charge pairs in 14 proteins. Our results show that 
charges in the proteins are, on average, surrounded by charges 
of opposite sign. Previous calculation of the electric potential 
near the helix termini has shown that the electrostatic effect of 
the a-helix dipole is equivalent to the effect of one-half of a 
positive unit charge at the N-terminus of the a-helix and 
one-half of a negative unit charge at the C-terminus’. We report 
here that the macrodipole of the a-helix has the same order of 
contribution to stabilizing the native protein conformation as 
ionized groups. 

We have calculated the parameter a, = e¢,e,/r,,, where e; and e; 
are the charges of the ith and jth residues of a protein and ry the 
distance between them. This calculation has been done for all 
the interactions in 14 proteins analysed, and we have presented 
the results in graphic form where È a; is plotted against r; (with 
steps of 2 A). Although the parameter is a form of Coulomb 
interaction having a dimension of energy, it is used as a 
geometrical measure to evaluate the charge distribution. Elec- 
trostatic energy calculations, taking into account the internal 
dielectric constant of protein and the effect of counter ions, will 
be done below. The attractive ({,_ @,,) and repulsive (2. ,__ ay) 
interactions have been analysed separately, as shown in Fig. 1. 
Figure 2 shows a plot of the difference (A) between these results 
versus ry. Figure 3 only plots interactions involving helix termini 
(that is, charge—charge interactions are excluded but not charge- 
helix dipole interactions). The graphs show how the same and 
opposite charge distributions vary with the distance between the 
interacting groups in the proteins studied. 

The distances of the charge separations, r are obtained from 
the crystallographic structural data at A resolution in the protein 
data bank, a computer-based archive for macromolecular 
structure. The locations of the charges at side-chain residues and 
helix termini are assigned as follows: for —COO , one negative 
electronic charge (—|e|) is located at the centre of a line which 
joins the two oxygens. One negative and one positive charge 
(—|e| and +|e]) are located at the sulphur atom and the nitrogen 
atom for —S and ©ZN* residues respectively. A positive (or 
negative) charge of 0.48 xļe| is located at the centre of the 
C*—N bond of the amino acid at the positive (or negative) 
terminus of the helix®. A few side chains (<0.1% of the total) 
whose atomic coordinates have not been established are not 
included in the present calculation. The degrees of ionization of 
the charges, €, are calculated according to the Tanford—Kirk- 
wood equation’, taking into account their intrinsic pK values 
and the effect on them of the electrostatic interactions with 
surrounding charges. Recursion calculations of at most 20 times 
gave the final charge value for each ionizable group. The internal 
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dielectric constant is assumed to be 4 and the ionic strength is 
0.1, pH 7. 

The difference-distribution profile in Fig. 2 exhibits a distinct 
minimum at a small inter-charge distance. This kind of profile is 
approximately typical of each protein examined. For each pro- 
tein, the distances at which the curve shows a minimum (that is, 
maximum negative value), 7min, range from 2 to 10 A; the mean 
value fmin=5 A and the mean deviation (Ar,,;,) = 1.5 A. The 
situation is the same in Fig. 3. Thus a charge in the protein, 
including apparent charges of the helix dipole, is surrounded, on 
average, by charges of opposite sign. 

In an ionic solution, according to the Debye—Hickel picture, 
the immediate neighbourhood of an ion is more likely to include 
an ion of opposite electric charge than one of the same sign. This 
is a dynamic compromise between electrostatic interaction and 
thermal agitation. A similar situation seems to result in the 
charge distribution in proteins. The residues in proteins, 
however, have a regular conformation around a fairly rigid 
backbone structure, whose freedom of motion is highly restric- 
ted. Although residues in globular prcteins clearly have a 
considerable degree of internal freedom of motion, internal 
flexibility alone is not sufficient to produce a positional re- 
arrangement of charges as is found in liquid phases. Therefore, 
the charge distribution in the protein, compared with that in an 
ionic solution is not entirely the result of the dynamic equili- 
brium; it must be the equilibrium attammed during the long 
evolution of the protein. 

The pressure selecting the charge distribution typical of 
present-day proteins, whether it has functioned during the 
course of protein evolution or is a dynamic equilibrium, may 
simply be energetic. Quantitative evaluation of the electro- 
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Fig. 1 Histograms showing the distribution of distance, ri, 
between 44,592 pairs of charges (on residues į and j) in 14 proteins. 
Values are given for 2 Å increments. a, In the positive region, the 
plot is for pairs of charges of the same charge (repulsive inter- 
actions); b, in the negative region, interactions are between 
opposite-sign pairs (attractive). All pairs of ionic-ionic, ionic- 
dipolar and dipolar-dipolar charges are taken into consideration. 
Dipolar charge denotes the half unit charge (0.48 x ļe|) that is 
allocated at the end of the a-helix. The source proteins are listed in 
Table 1. 
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Fig. 2 Plot of the difference (A) between the two curves shown 
in Fig. 1. 
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Fig. 3 Difference plot showing the distribution of separation 

between the dipolar charge and all ionic and dipolar charges 

(ion-pair interactions are ignored in this plot). 13,258 pairs from 14 
proteins are included. 


static energy which may tend to produce the Debye—Hickel- 
type charge distribution in proteins encounters two problems: 
the ambiguity of the value of the internal dielectric constant in 
protein and the estimation of the contact surface of the protein 
with water. Although the internal dielectric constant has been 
estimated’ to be in a range of 1-~60, here we adopted the value 
4 as an averaged value because it is that most often used in 





Table 1 The energy of charge—charge interaction in 14 proteins 


U. per U. per U: per * 
protein charged residue helix end 
(kcal mol™') = (kealmol™') (kcal mol™') 

Myoglobin (deox,) -454 -13.7 -4.4 
(sperm whale) 

Concanavalin A —168 —5.6 
(jack bean) 

Lysozyme -7i -3.6 -2.8 
(hen egg-white) 

Papain —126 -3.7 —3.6 
(papaya latex) 

Ribonuclease A 75 -3.0 —7.1 
(bovine pancreas) 

Trypsin inhibitor -7 -0.3 -3.8 
(bovine pancreas) 

Adenylate kinase -362 -8.8 -4.6 
(porcine muscle) 

Carboxypeptidase A -338 -8.3 -1.4 
(bovine pancreas) 

Glyceraldehyde-3- -563 -11.4 —2.4 
phosphate dehydrogenase 
(lobster) 

Alcohol dehydrogenase -595 -10.8 ~2.3 
(horse liver) 

Lactate dehydrogenase —452 -7.9 -4.4 
(dogfish muscle) 

Cytchrome C (ox. ) -71 -2.6 -4,4 
(tuna heart) 

Carbonic anhydrase B -326 -8.3 -4.7 
(human) 

8-Trypsin ( pH 8) 5 0.6 -1.9 


(bovine pancreas) 





U,, is the total electrostatic energy. LU), is the energy of the interaction between 
ionic and dipolar charges. The internal dielectric constant of the protein, £, is 
assumed to be 4, 


similar calculations. The Tanford—Kirkwood algorithm contains 
the internal dielectric constant, so that, in principle, a, is 
affected by it. However, at neutral pH, the condition of the 
present calculation, the geometric parameter a, changes little 
with a change in the internal dielectric constant. A spherical 
contact-surface was simply assumed, and its radius was cal- 
culated from the molecular weight and the partial specific 
volume. The resulting electrostatic energies of the proteins are 
listed in Table 1. 

The ionic charge is found to obtain an electrostatic stabilizing 
energy of several kcal per ionic residue, and the apparent charge 
of the a-helix dipole dose also has the same order of energy per 
helix end. Thus the present statistical examination shows that, 
on average, the electrostatic interaction among the ionic and the 
dipole constituents exceeds the energy of thermal agitation, and, 
therefore, that they are located so as to stabilize the protein 
structure. 
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Erratum 


THE words on the cover of Nature of 10 September 1981 (issue 
no. 5828) were incorrect and should have read ‘Newly generated 
nuclei in adult rods’. The cover photograph (relating to the letter 
‘Genesis of rods in teleost fish retina’ by P. R. Johns and R. D. 
Fernald Nature 293, 141-142) was taken by R. D. 
Fernald and E. Newman of the Institute of Neuroscience, 
University of Oregon. 
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Stability of zeolites 
under electron irradiation 


RECENT electron microscopic studies’ 
of structural changes in zeolites under 
electron irradiation have led to the 
plausible assumption that water, normally 
contained in zeolites, is linked with the 
process. It is thought? that the high- 
intensity electron bombardment, used for 
high-resolution electron microscopy, 
produces significant numbers of OH” ions 
by electron impact. These ions are in turn 
believed to weaken the bonds of the alu- 
minosilicate framework, causing its even- 
tual collapse into a disordered state. 

It seems likely that the effect observed 
by Bursill ef al. is related to a type of 
degradation through electron, ion or 
photon irradiation, that I previously 
reported, which appears to occur in all 
substances containing M” cations of the 
alkali metals or alkaline earths and which 
is therefore expected to take place also in 
zeolites. My colleagues and I believe’ that 
the primary function of the irradiation is 
not to produce OH” radicals, but both to 
detach cations from their normal positions 
according to 


MX + radiation > M` +X (1) 


and to form catalytically active surface 
centres where they are converted from M“ 
to M. 

In the presence of H,O 


M+H,0—-MOH+ Hf (2) 
and 
X` +H,O - KH+OH™ (3) 


At suitable surface sites, the OH™ 
produced in step (3) can break the M-X 
bond so that 


MX +OH > MOH+X™ (4) 


following which steps (3) and (4) are 
cyclically repeated as long as water vapour 
is available. 

Note that HO need not be present 
during the actual irradiation, but can be 
admitted later, and once the catalytic 
centres are formed and reaction step (1) 
completed, the irradiation may be dis- 
continued, as in each reaction cycle the 
OH radical necessary for its successor is 
produced. 

This was in fact the experimental situa- 
tion in our work, but in the investigations 
of Bursill et al, H-O was available 
throughout, and as their bombardment 
intensity exceeded ours by several orders 
of magnitude, impact ionization could 
have provided a second, and perhaps even 
dominant, source of OH’, thus explaining 
the very fast reaction rate implied by their 
observation of significant breakdown 
within only a few minutes. 


0028-0836 /81/440789—-04$01 00 
e 


MATTERS 


In contrast to this, although we have not 
experimented specifically with zeolites, 
our experience with other substances 
suggests that in the absence of significant 
impact ionization, such as when dehy- 
drated materials are exposed to a moist 
atmosphere after irradiation, some weeks 
or even months may have to elapse before 
degradation becomes evident. Experi- 
ments along such lines might assist in 
elucidating the reported instability of 
zeolites. 


E. H. HIRSCH* 
Department of Defence, 
Electronics Research Laboratory, 


Defence Research Centre, 
Salisbury, South Australia $001 


* Present address: 2 Schebella Court, Beaumont, South 
Australia. 
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BURSILL ET AL. REPLY-—We thank 
Hirsch for his remarks. In ref. 1, he has 
proposed a reasonable mechanism for the 
production of OH™ in argon ion- 
bombarded bulk specimens in the 
presence of moisture. 

In their normal condition, zeolites are 
very rich in water content—up to ~50% 
by volume in some cases——so that the 
passage of 200KeV electrons through 


Mechanisms of slow 
postsynaptic potentials 


THE review article by Hartzell’ contains 
factual errors with regard to neuro-glan- 
dular synapses. His Table 1 lists informa- 
tion on cat salivary glands and pancreas. 
The data given in respect of cat pancreatic 
acinar cells are wrongly cited, misleading 
and partly non-existent. 

To my knowledge, microelectrode 
measurements on cat pancreas have only 
been reported once”, where it was shown 
that exogenous acetylcholine (ACh) 
caused membrane depolarization (not 
hyperpolarization as claimed in the review 
article'), but no information was given on 
latencies, duration of responses or ionic 
mechanism. Acinar membrane potential 
changes following nerve stimulation were 
not described for the cat pancreas. 
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such materials is similar to the production 
of an electrical discharge through water. 
Under these circumstances, it would not 
be surprising for the rate of production of 
OH to be considerably higher and for the 
rate of destruction of the crystal to be 
commensurately greater than in the situ- 
ations cited by Hirsch. One fact stands 
out: thorough dehydration of zeolites 
before their examination by electron 
microscopy is crucial in enhancing the 
beam stability sc as to permit high- 
resolution imaging of the kind we 
described’. The mechanism proposed by 
Hirsch may be more relevant to dehy- 
drated than hydrated zeolites. 


L. A. BURSILL” 
J. M. THOMAS 
K. J. Rao” 

Department of Physical 

Chemistry, 

University of Cambridge, 

Lensfield Road, 

Cambridge CB2 IEP, UK 


“Permanent addresses: Schoo! of Physics, University of 
Melbourne, Australia (LABi Solid-State and Structaral 
Chemistry Unit, Indian institute of Science, Bangalore, 
India (KIR). 
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All this information is, however, avail- 
able for mouse (and rat) pancreatic acinar 
cells (see Table 1 for values and refs). I 
have also listed information for mouse 
parotid acinar cells because ionic 
mechanisms have been investigated in 
much greater detail in this species than in 
the cat. Substance P and adrenaline ap- 
plied to rat parotid acinar cells by micro- 
ionophoresis evoxe membrane potential 
changes that have a reversal potential and 
latencies also characteristic of the action 
of ACh’. Peptides belonging to the 
cholecystokinin and bombesin groups act 
on pancreatic acinar cells by evoking 
potential and conductance changes similar 
to those evoked by ACh*, although these 
peptides interact with two types of recep- 
tor site distinct from the muscarinic 
receptors’. The minimum latencies found 
for peptidergic cell activation were 500- 
1,500 ms (ref. 4). 





Table 1 Selected examples of slow postsynaptic potentials in mouse gland cells 


Tissue Response å Conductance Latency (ms) Durstion (s) Transmitter Refs 
Parotid acinar Biphasic: *Na TK 256 45 ACh 7.8 
cells depol.; | 

hyperpol. 
Pancreatic Depol. *Na Cl tK G00 5-20 ACh 9,10 


acinar cells 
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Neuroglandular transmission involving 
these peptides has not been demonstrated 
electrophysiologically. The long latencies 
for neurotransmitter and peptide 
hormone action on pancreatic acinar cells 
are in marked contrast to the short- 
latency membrane depolarization and 
conductance increase evoked in the same 
cells by some neutral amino acids”. 


O. H. PETERSEN 
The Physiological Laboratory, 
University of Liverpool, 
Brownlow Hill, 
PO Box 147, 
Liverpool L69 3BX, UK 


Transcurrent faulting and 
pre-Carboniferous Anglesey 


NUTT AND SMITH! invoke Devonian 
transcurrent faulting to explain 
differences of pre-Carboniferous geology 
between Anglesey and mainland North 
Wales. They postulate large dextral 
movement from proposed geological 
compatibility between the Lake District 
and North Wales. We suggest that such 
movement is unlikely along the only on- 
land occurrences of the postulated fault in 
Liyn and Cumbria. 

Current sedimentological work by one 
of us (G.D.T.) in south-west Llyn 
indicates close similarities in the Arenig 
sequences across the proposed fault. On 
both sides, thin granular-pebbly sand- 
stones (dominantly Monian derived) 
immediately overlie the basal Arenig 
unconformity, and upper Didymograptus 
extensus zone sedimentation changes 
from sand to mud-silt dominated, which 
persists throughout the Llanvirn. Such 
differences as exist are readily interpret- 
able shallow marine facies variations. The 
suggested Llyn faultline would truncate 
continuous Arenig—Llanvirn outcrop, and 
no alternative seems stratigraphically and 
structurally acceptable. 

In Cumbria, the postulated fault follows 
the Dent line. Its visible, post-lower 
Carboniferous displacement is dip-slip 
only. Post-Downtonian strike-slip faults 
do parallel this line to the west, but have 
dominantly sinistral displacement. 
Significantly, pre-Devonian features 
appear continuous across the Dent Line. 
Thus the arcuate Lake District structure 
continues into the Craven Inliers, and the 
sedimentary—volcanic Ashgill sequences 
of the Cautley and Craven Inliers match 
closely. A more suitable basement fault 
line is beneath the E-W Craven Fault Belt 
and perhaps eastwards beneath the Cox- 
wold-—Gilling and Helmsley—Filey Fault 
Belts. 

Lake District and North Wales compa- 
tibility is equivocal. Their Ordovician 
correlation is no stronger than would be 
expected within the same plate tectonic 
environment. For example, Ashgill litho- 
facies similarities do not outweigh their 
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imprecise biostratigraphical correlation. 
The absence of Rawtheyan silicic vol- 
canicity in North Wales is also important. 
Furthermore, structural arcuation in 
North Wales has a NW-SE axis whereas 
that in the Lake District is more N-S. We 
conclude that, if Nutt and Smith’s model is 
to be viable, some rotation must be 
invoked, with a revised on-land fault line. 


G. D. TEGERDINE 
S. D. G. CAMPBELL 
N. H. WOODCOCK 


Department of Earth Sciences, 
University of Cambridge, 
Cambridge CB2 3EQ, UK 


1, Nutt, M. F C. & Smith, E. G. Nature 290, 492-495 (1981). 


NUTT AND SMITH REPLY—In the 
Lleyn, the proposed fault between Porth 
Nefyn and the western side of Hells 
Mouth runs to the west of Dinas and 
curves southwards to the east of Sarn. This 
line, roughly parallel to the strike’? and 
sediment drift” of the Ordovician rocks, is 
largely covered by superficial deposits, as 
Matley’s field maps (in the possession of 
the Institute of Geological Sciences) show. 
The line does not appear to cross either 
continuous stratigraphical or structural 
features. In the southern part of the area, 
where Matley postulates? a fault, the 
scattered solid outcrops show evidence of 
contorted strata. We have not had access 
to Tegerdine’s current sedimentological 
work, but published information indicates 
substantial differences, commented upon 


‘by Nicholas*, between the Ordovician 


sequence to the west of the above line’” 
and those to the east at St Tudwal’s* and in 
the area south of Carn Fadryn’. In parti- 
cular, the western sequence contains both 
acid and basic volcanics with associated 
intrusives, all of which are unrepresented 
in strata of equivalent age to the east. 
According to Crimes? the Arenig 
arenaceous rocks of the Lleyn are essen- 
tially derived from the south-west, espe- 
cially on the eastern side of the proposed 
fault, and a Monian origin for the sand- 
stones therefore supports rather than 


detracts from the transcurrent fault 
hypothesis. 

Post-Lower Carboniferous movement 
along the Dent Line is irrelevant to the 
argument, but Moseley® has shown that 
many of the Variscan dip-slip faults in the 
Lake District have a history of strike-slip 
movement in the Caledonian. Sinistral 
wrenches in the area are not parallel to the 
proposed fault, but are northerly tren- 
ding® and probably represent conjugate 
fractures. We cannot agree that pre- 
Devonian structures“ cross the Dent Line. 
Nor do the Cautley and Craven sequences 
match as closely as Tegerdine ef al. 
suggest; thus the acid tuffs of the Ashgill in 
the former area contrast with thin beds of 
tuff and tuffite in the latter and the Bor- 
rowdale Volcanics of Cautley are absent 
in the Craven Inlier. All other factors 
apart, basement magnetic anomalies’ 
show that the Dent Line is to be preferred 
to a Coxwold-—Gilling—Filey line for the 
proposed transcurrent fault. 

We cannot agree that there is incompa- 
tibility between the structural arcuation of 
North Wales and the Lake District before 
the proposed translation. Subsequent 
rotation is apparent (see our Fig. 1) 
because the fault line is not straight. 
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THE oldest rocks on Anglesey form the 
Mona Complex’ which is thought to be the 
remnant of a subduction complex’ once 
active on the south-east flank of the 
Iapetus Ocean during the earliest 
Cambrian*“*. Dating evidence within the 


. complex is poor, but suggests that the 


complex is no younger than Lower 
Cambrian’. The oldest rocks exposed on 
the south-east side of the postulated 
strike-slip fault? are the Arvonian acid 
tuffs which are succeeded conformably by 
Lower Cambrian sediments® which 
contain fragments derived from the Mona 
Complex'’. Some of these fragments are 
schistose (the highly distinctive Pen- 
mynydd Schists)' and indicate that de- 
formed and metamorphosed Monian 
rocks were being eroded and incorporated 
as clastic debris in the Welsh Basin sedi- 
ments during the Lower Cambrian. As the 
Arvonian tuffs show none of the structural 
and metamorphic complexity typical of 
the Mona Complex, and as these tuffs 
grade up in places into the overlying 
conglomerates of the basal Fachwen 
Formation’, it is reasonable to deduce the 
tuffs to be post-Monian. Thus the Monian 
subduction system has probably been 
active in the earliest Cambrian but was 
certainly uplifted and exposed before the 
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eruption of the Arvonian tuffs and the 
subsequent deposition of the Cambrian 
Welsh Basin sediments. 

Nutt and Smith give the Arvonian a 
Precambrian age, although there is little 
evidence for this. Monian and Arvonian 
are believed to be Precambrian’ because 
they are older than the late Lower 
Cambrian sediments of the Welsh Basin. 
The discovery of Palaeozoic acritarchs in 
the Monian (Gwna Melange) places some 
of the Mona Complex in the Cambrian but 
does not alter the field relationships 
indicating a post-Monian age for the 
Arvonian; the latter should therefore be 
considered as more likely to be of 
Cambrian rather than Precambrian age. 

The correlation of the Baron Hill Beds 
and Bwich Gwyn Felsite on Anglesey with 
the Arvonian on the mainland’? is dis- 
missed by Nutt and Smith as “an unlikely 
correlation’’. They do not explain why it is 
unlikely and do not offer a reason for 
disagreement or an alternative cor- 
relation. Greenly’s correlation is certainly 
inconvenient to the strike-slip hypothesis. 
These exposures of so-called Arvonian in 
Anglesey need to be restudied in detail. 

If Nutt and Smith can prove that “there 
is stratigraphical evidence (unpublished) 
showing that at least part of the Gwna 
mélange is of Ordovician age” then it 
would indicate that the development of 
the Monian subduction complex was 
coeval with that of the Welsh Basin. Such 
evidence could transform our under- 
standing of North Wales geology. 
However, until conclusive evidence for an 
Ordovician Gwna mélange is presented it 
would seem wiser to accept the published 
evidence which indicates an age no 
younger than Lower Cambrian for the 
mélange’. 

On Llyn, the postulated major strike- 
slip fault is suggested to run from the west 
side of Hell’s Mouth north-east to Porth 
Nefyn. Both these coastal localities are 
covered by thick glacial drift. Inland 
exposure is poor and there is no field 
evidence published in support of the exis- 
tence of such a major fault? (G. D. 
Tegerdine, personal communication). Yet 
Nutt and Smith state that this postulated 
fault separates ‘substantially different 
Ordovician sequences’, but offer no 
explanation. Furthermore, the postulated 
fault appears to cut across one of the 
end-Silurian to Devonian metamorphic 
isograds (pumpellyite) in the Ordovician 
on Llyn recently mapped by Roberts’*. 
There seems to be a distinct lack of evi- 
dence in support of a massive 100 km 
separation between the Ordovician on 
either side of a line drawn north-east from 
Hell’s Mouth. Such evidence is, however, 
vital to Nutt and Smith’s argument 
because the Arenig on western Llyn (west 
of the postulated fault) rests with clear 
unconformity on a Monian basement’*"*. 

Greenly’” identified Monian pebbles in 
all three main outcrops of Cambrian rocks 
in the north Welsh basin (north-west 
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Gwynydd, St Tudwal’s Peninsula, Harlech 
Dome). It is difficult to see how these 
fragments were derived if the Mona 
Complex lay 100 km further south-west. 
According to Nutt and Smith the Mona 
Complex would have lain nearer to 
Pembrokeshire, yet Monian-type frag- 
ments are not a characteristic of the 
Cambrian sediments there”, 

The existence of the proposed major 
dextral transcurrent fault is not supported 
by the regional mid- to late-Devonian 
tectonic regime. The concept of major 
dextral transcurrence along the NE-SW 
faults seems to have originated from the 
oblique collision model’? which 
supposedly resulted in up to 1,000 km of 
dextral strike-slip along the subducted 
lapetus suture. However, the absence of 
any transcurrent movements within the 
large area of early Devonian Cheviot lavas 
lying astride the suture constrains any 
movements to a Pre-Devonian age”. It 
seems safer to return to the earlier 
arguments favouring a sinistral transcur- 
rence for such faults as the Great Glen”! 
and equivalent Leannan” and Leck” 
Faults in Eire. It is difficult to reconcile 
large dextral movements along similarly 
oriented faults of similar age, such as those 
suggested by Nutt and Smith, without 
invoking the unlikely idea of some form of 
major stress reversal. 

Most of the contrasts between Anglesey 
and the mainland are easily explicable in 
Other ways, particularly if the Mona 
Complex is older than the Welsh basin. 
Even if new evidence arose to prove the 
two were coeval this would still not 
necessitate a major separation between 
them because the close juxtaposition of 
rocks with dramatically different geologi- 
cal histories is quite normal within sub- 
duction systems. 
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NUTT AND SMITH REPLY—The 
supposed occurrence of Monian frag- 
ments in the Lower Cambrian of the 
Welsh mainland derives from Greenly’s 
observations’. We place little reliance on 
Greenly’s pebble identifications in this 
instance, subsequent workers™* having 
gone no further than to say that derivation 
of the pebbles was from a metamorphic 
landmass similar to Anglesey, but with 
differences. No pebbles of rocks peculiar 
to Anglesey have been found in the Lower 
Cambrian, Greenly' having observed the 
absence of glaucophane schists, and it 
is these that are distinctive of the 
Penmynydd Zone. Thus the schistose 
fragments referred to by Gibbons and 
Gayer could have come from anywhere. 

There is no absolute evidence to show 
whether the Arvonian (of the mainland) is 
Precambrian or Cambrian. It is currently’, 
and traditionally’. considered to be Pre- 
cambrian. The “feld relationships 
indicating a post-Monian age for the 
Arvonian” amount to circumstantial evi- 
dence consisting of pebble recognition 
(see above) and an assumed correlation 
between the Arvenian and the Anglesey 
‘Arvonian’ (see below). The assumption 
that metamorphosed and structurally 
complex rocks are older than rocks that 
are less altered and disturbed is dangerous 
in a subducting-plate environment. Thus 
large parts of the Mona sedimentary 
sequence may be the age equivalents of 
Cambrian rocks on the mainland. 

There is no positive evidence for the age 
of the Bwich Gwyn Felsite or the Baron 
Hill Beds, though they are more likely 
to be Ordovician than Arvonian, The 
Felsite has been dated’ at 489413 Myr 
(=Arenig) and 530+30 Myr (basal brec- 
cia), The underlving gneisses have been 
dated at $65+165 (ref. 7), 562+13 (ref. 
8) and 595+12 (ref. 8) Myr, indicating 
that the 489+ 13 Myr date for the felsite 
is the more acceptable. It may, therefore, 
not be a coincidence that the felsite is in 
contact with Arenig rocks on the west. Of 
the Baron Hill Beds little more can be 
said about their age than that they rest 
on or are thrust over metamorphosed 
Gwna rocks (of unknown stratigraphica! 
position—see below) and are supposedly 
overlain by Ordovician rocks, though the 
latter are covered by drift’. 

In the Mynachdy and Llanbadrig areas 
of northern Anglesey, mélange rocks 
mapped as Gwna Mélange by Greenly 
show stratigraphical conformity with the 
Ordovician or with the Fydlyn Felsite, 
which is considered” to be of Ordovician 
age. An inclined borehole [SH 302 924] 
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into these rocks in the Mynachdy area has 
yielded rare, poorly preserved acritarchs 
identified as Cymatiogalea? and Stelli- 
feridium? together with a few indeter- 
minate acanthomorphitic forms (S. G. 
Molyneux, Institute of Geological 
Sciences, Internal Rep. PDL/81/24). 
This assemblage suggests that the sampled 
mélange is late Cambrian at the oldest or 
early Ordovician in age. Greenly’s Gwna 
Group has apparently little stratigraphical 
significance, including as it does an exten- 
sive range of lithologies of widely differing 
age. 

In our reply to Tegerdine et al., we have 
referred in more detail to the different 
Ordovician sequences on either side of the 
proposed fault and to the line of the fault 
across the Lleyn. The latter does not 
interfere with the pumpellyite isograd’® 
but approximates to its westernmost 
boundary, and the fault may thus be 
responsible for the truncation of the 
saponite zone. 

The Cambrian sediments of 
Pembrokeshire were derived from the 
south-west and south-east’, and it is 
therefore not surprising that Monian-type 
fragments are not characteristic of them— 
wherever Anglesey was at the time. 

Our paper showed that the concept of a 
major dextral displacement along the 
proposed fault did not originate from the 
oblique collision model, but from the 
fundamental geological differences 
between Anglesey and the mainland. The 
oblique collision model is invoked as the 
cause. 

It is generally agreed’’’* that the 
Iapetus Suture passes to the south of the 
Devonian Cheviot lavas. The reference? 
quoted by Gibbons and Gayer is based on 
a misreading of the published evidence’. 

The quoted faults in Scotland and Eire, 
apart from being of debatable age and 
direction of movement'*, occurred within 
the North Atlantic Plate (north of the 
Iapetus Suture) and are therefore of 
limited relevance to events within the 
southern plate containing the area under 
discussion. Dextral movements on faults 
in the Lleyn parallel to the proposed 
transcurrent fault have been indicated by 
Tremlett’* and even by Gibbons’®. 
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NUTT AND SMITH’ suggest that the 
Menai Straits, North Wales, mark the 
position of a fault of major regional 
importance and believe that they can 
assign >100km of dextral strike-slip 
movement to it. The possibility of trans- 
current faulting has also been mentioned 
by Barber and Max’. 

It is surprising that the geophysical 
evidence’, which strongly favours the 
existence of a major fault, was not 
mentioned by Nutt and Smith. South-east 
of the proposed fault is a striking cor- 
respondence between gravity anomaly 
contours and geological structure, 
although the anticlines (Bangor—Padarn 
Ridge and Harlech Dome) correspond to 
gravity lows. This suggests density 
inversion, with a large thickness (0.5- 
ikm} of less dense rocks, probably 
Arvonian volcanics and granite, underly- 
ing the Lower Palaeozoic. (The suggestion 
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Matters Arising is meant as a vehicle 
for comment and discussion about 
papers that appear in Nature. The 
originator of a Matters Arising 
contribution should initially send his 
manuscript to the author of the ori- 
ginal paper and both parties should, 
wherever possible, agree on what ts to 
be submitted. Neither contribution 
nor reply (if one is necessary) should 
be longer than 300 words and the 
briefest of replies, to the effect that a 
point is taken, should be considered. 


of Rast? that the gravity anomalies result 
from basic igneous intrusions in the 
synclines cannot explain the good fit of 
gravity isogals with the outcrop pattern, 
especially around the Harlech Dome.) 
North-west of the fault, in Anglesey, there 
is again a good fit with the structure, but 
without density inversion; a linear positive 
anomaly of about 45 mGal runs along the 
Monian amphibolites of the Aethwy 
Block and similar gravity highs coincide 
with the other Monian basement blocks of 
the Central Region and Pentraeth Inliers. 
However, in contrast to the south-east 
side of the fault, there is no gravity evi- 
dence for any Arvonian, which may be 
present, but is certainly very much thinner 
than to the south-east. In contrast to the 
effect of possible Arvonian granite in 
Caernarvonshire, there is no gravity 
anomaly on the published gravity map‘ in 
the position of the Coedana Granite in 
Anglesey. This is surprising in view of its 
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apparent intrusion into the dense amphi- 


bolite basement, and suggests that the 
granite does not extend to any great 
depth. 

The direction of movement of the 
Menai Fault might be suggested by the 
curvature in the strike of the foliation in 
the Monian to the south-west of Beau- 
maris in Anglesey. The mylonitic foliation 
itself may be related to movements on the 
fault”. Later movement seems to have 
caused a bend in the foliation about an 
axis dipping ~22° to 084 °N. This would 
suggest oblique slip, with a large 
component of dip-slip movement raising 
the north-west (Anglesey) side. The 
smaller, strike-slip component of move- 
ment would suggest a dextral displace- 
ment on a map, although this is not in 
accordance with the apparently sinistral 
displacement of lithologies in this area on 
the published geological map. 
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NUTT AND SMITH REPLY—Whilst we 
consulted gravity and aeromagnetic 
anomaly maps of the relevant areas to 
make sure that they did not contradict the 
transcurrent fault hypothesis, lack of 
space prevented us from discussing these 
aspects. We therefore thank Kohnstamm 
and Mann for raising the matter in support 
of the hypothesis, and would in general 
agree with their interpretation of the 
geophysical evidence. A similar inter- 
pretation to that of the Anglesey/main- 
land situation can also be applied across 
the proposed fault in the Lleyn’, and, as 
we have mentioned in reply to Tegerdine 
et al., the aeromagnetic map’ supports the 
location of the fault along the Dent Line. 

The evidence supplied by distortion of 
the foliation in the Monian should be 
treated with caution, for it is largely attri- 
butable to later and therefore irrelevant 
tectonic events. 
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Mending cracks in the nuclear establishment 


Sir Alan Cottrell has written a well- 
balanced, popular account of the issues 
around which the nuclear energy debate 
swirls: reactor safety, waste disposal, pro- 
liferation, terrorism and the political 
implications of nuclear energy. He ignores 
costs, availability of uranium and the need 
for electricity, for ‘‘in the end it is [safety], 
not any of these other factors, which will 
eventually decide the acceptability of 
nuclear power in Western democratic 
society’’. I agree with Sir Alan’s assess- 
ment, though the bombing of the Iraqi 
reactor at Tamuz could give to the 
proliferation issue more political force 
than it now has. 

Sir Alan is strongly pro-nuclear, but this 
does not prevent him from focusing upon 
his concerns about reactor safety. Though 
he believes that reactors can in principle be 
made safe enough, he does not say whether 
they will be made safe enough. For Sir 
Alan, not all reactors are equally safe: 
brittle fracture of the pressure vessel in a 
light water reactor remains its Achilles 
heel, despite the more optimistic 
conclusions of the 1976 inquiry, led by 
Walter Marshall, into the integrity of light 
water pressure vessels. The Marshall 
Report insisted that such vessels were safe, 
especially since cracks large enough to be 
threatening could be detected by ultrasonic 
probes with more than 95 per cent 
probability. 

Ninety-five per cent reliability is surely a 
difficult — some would say impossible — 
goal. Sir Alan invokes the somewhat 
controversial 1979 OECD report to 
conclude that only one-half, rather than 95 
per cent, of all serious cracks can be 
detected: ‘‘an improvement is needed... . 
up at least to the Marshall figure’’. 
Without quite saying so, Sir Alan still 
seems to be sceptical of light water 
reactors. 

Yet his position is not impregnable. In 
requiring a 95 per cent instead of 50 per 
cent detection probability, he in effect 
accepts a brittle failure probability of 10-7 
per year, but rejects a probability of 10-° 
per year. Such fine tuning seems to me 
artificial. More realistic than such precise 
computation of extremely unlikely events 
is the assurance that the failure of a 
pressure vessel is all but impossible: both 
10 and 10-7 per year are ‘‘all but 
impossible’’. 

Sir Alan’s criterion of acceptability 
follows from a too literal application of 


Alvin M. Weinberg 


How Safe is Nuclear Energy? By Alan 
Cottrell. Pp.124. ISBN 0-435-54175-7. 
(Heinemann Educational: 1981.) £2.50, $6. 





Sir Alan Cottrell — his concern about the 
embrittlement of pressure vessels is open to 


nonetheless should be taken 


seriously. 


question but 


Farmer’s recommendation of a safety 
standard: 


(curies released in an accident) x (probability of 
accident) <1. 


But how many curies might be released in 
an accident is by no means as clear as Sir 
Alan assumes. At Three Mile Island about 
15 Ci, that is, less than 10-* of the 
inventory, was actually released. 
Apparently, in the presence of water the 
iodine remains in solution rather than 
becoming airborne. This is an inherent 
safety advantage of the light water reactor, 
though whether one can count on the 
mechanism in the event of a catastrophic 
pressure vessel failure is debatable. Should 
these estimates prove correct, water-cooled 
reactors would pose at the very worst a 
much smaller risk to the public than Sir 
Alan estimates. 

Yet neither can Sir Alan’s concerns be 
ignored. The US Nuclear Regulatory 
Commission (NRC) has ordered that 14 of 
the older light water reactors be re-analysed 
to determine whether radiation has so 


embrittled the pressure vessels as to 
constitute a significant hazard in the event 
of an emergency injection of cold water. 
The action of the NRC demonstrates that 
the issue of pressure vessel embrittlement 
will not go away easily, even if one 
disagrees with Sir Alan’s specific, and 
somewhat rigid, criterion of acceptability. 

Are some reactor types inherent/y more 
“forgiving” than others? Until the United 
Kingdom debate on light water reactors 
versus advanced gas-cooled reactors, and 
before Three Mile Island, this question was 
hardly raised: all reactors were equally 
safe, if not by their nature, then by their 
design. The current widespread nuclear 
moratorium on new reactors might be a 
time to re-examine the relative forgiveness 
of different reactor types. 

It is not a foregone conclusion that gas- 
cooled reactors will win in this com- 
petition. Copper-free steels that are much 
less subject to radiation embrittlement 
than were the older, less pure materials, 
now go into pressure vessels for newer light 
water reactors. This, together with the 
small release of iodine from water reactors 
(provided some liquid water remains after 
an accident), could balance the advantages 
of high heat capacity, low power density 
and pre-stressed concrete pressure 
envelopes of gas-cooled reactors. 

When in 1946 the Oak Ridge group 
persuaded the then Captain Rickover to 
adopt pressurized water for Nautilus, 
radiation embrittlement of pressure vessels 
was not recognized as a concern. It is there- 
fore not too surprising that 35 years later 
the issue of pressure vessel embrittlement 
has come alive. To be sure, the newer steels, 
plus the better inspection techniques and 
the lower iodine release fraction, taken 
together ought to allay Sir Alan’s as well as 
the public’s concern. But I hope we use the 
pause in deployment of reactors, especially 
in the United States, to ask whether the line 
of development we launched upon 35 years 
ago is still the path we ought to be following 
in a second nuclear era. Though Sir Alan's 
book will annoy both anti-nukes and most 
of the nuclear establishment (which is 
committed to light water reactors), his 
concerns about fracture of pressure vessels 
must be taken seriously. 


Alvin M. Weinberg was formerly Director of the 
Oak Ridge National Laboratory, Oak Ridge, 
Tennessee. In 1946, together with F. H. Murray, 
he proposed the adoption of the pressurized 
water reactor. 
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Chemical phrenology of the hypothalamus: 


George Fink 


Handbook of the Hypothalamus. Edited 
by Peter J. Morgane and Jaak Panksepp. 
Vol. 1 Anatomy of the Hypothalamus, 
pp.756, ISBN 0-8247-6834-5; Vol. 2 
Physiology of the Hypothalamus, pp.688, 
ISBN 0-8247-6881-7. (Dekker: 1979-1980.) 
$145 per volume. 


“Ir is quite curious that psychologists, 


after so many years of seeing the remainder 
of the brain only as an appendage of the 
hypothalamus, suddenly now see each 
complex behaviour as being ‘generated’ by 
a particular chemical pathway’’, writes 
Peter Morgane, one of the editors of the 
Handbook of the Hypothalamus, in a 
swingeing attack on the concept of brain 
centres and the new chemical phrenology. 
However, neither the introductory chapter 
in Vol. 1 by Morgane nor the other chapters 
on anatomy provide a realistic alternative. 
We are still far from a perfect under- 
standing of the precise anatomy of the 
hypothalamus, but even if we were 
approaching this goal, would we be any 
closer to the “‘functional truth’’? Thus, for 
example, although the intrinsic and 
extrinsic connections of the cerebellum are 
almost perfectly understood — certainly 
better than those of the hypothalamus — 
we are still not able to state precisely how 
the cerebellum controls movement. 

Several of the chapters in Vol. 1 are too 
long, and dwell tediously on detail which is 
neither new, exciting nor especially 
relevant to current research on 
hypothalamic structure or function. The 
development of the hypothalamus, for 
example, is the subject of a scholarly 
contribution by Keyser, in which emphasis 
is placed on classical embryological issues 
such as the relationship between the sulcus 
limitans and the hypothalamic sulcus, but, 
surprisingly, no mention is made of either 
the development of specific neuro- 
transmitter systems or of the critical 
periods of development related, say, to 
sexual differentiation of the brain. In a 
110-page chapter, Ambach and Palkovits 
give the most detailed and beautifully 
illustrated description of the vasculature of 
the hypothalamus that, I think, has been 
published in the present century, but donot 
include, for example, either quantitative 
data on the density of capillaries relative to 
perikarya or a discussion of endothelial- 
glial~neuronal relationships. 

The chapters on the neural connections 


e@Volumes 3A and 3B of the Handbook of 
the Hypothalamus, dealing with behav- 
ioural studies, have been published re- 
cently and will be reviewed in Nature at a 
later date. 

eThe paperback edition of Wholeness and 
the Implicate Order by David Bohm 
(reviewed in Nature 291, 435) is published 
today in the United Kingdom by Routledge 
& Kegan Paul, price £3.95. 












of the hypothalamus by Palkovits and 
Zaborsky, and on the medial hypo- 
thalamus by Renaud, do, however, contain 
useful information presented in handbook 
style. Millhouse’s beautifully illustrated 
and thorough account of Golgi anatomy 
also provides a useful starting point for the 
workers who will eventually settle down to 
unravel definitively the intrinsic 
connections and cyto-architecture of the 
hypothalamus. Parent’s contribution on 
monoaminergic and cholinergic neurons 
will be especially valuable to those 
doing research on fish, amphibia and 
reptiles, and Sutin and McBride re- 
examine hypothalamic limbic—brain-stem 
connections mainly with horseradish 
peroxidase and electrophysiological 
techniques. The editors have also included 
a ‘‘cyto-architectonic atlas of the 
hypothalamus”, but this might have been 
more useful had the coronal sections been 
related to stereotaxic co-ordinates and had 
the descriptions of cells been more 
quantitative and detailed. 

Vol. 2 on physiology starts with a 
competent chapter by McKelvy and 
associates on the biosynthesis of peptides, 
which also bravely tackles the interesting 
story of why and how several respected 
workers were led to think for a time that 
thyrotropin releasing hormone was 
synthesized extra-ribosomally. This 
chapter might have been even better had 
McKelvy not included the rushed 
catalogue, at the end, of facts about non- 
peptide transmitters. Knigge and his 
colleagues then detail the distribution of 
some of the peptide-containing perikarya, 
display some fascinating scanning 
electronmicrographs of the third ventricle 
and continue their polemic on the 
importance of the tanacytes in transporting 
substances from the third ventricle to the 
hypophysial portal vessels. One major and 
at least two minor errors of scholarship 
detract from the standard of this chapter. 
The major error occurs in Table 3 (p.77), 
which implies that vasopressin and 
oxytocin are selectively located in the 
supraoptic and paraventricular nuclei, res- 
pectively; the minor errors are that it was 
Brown-Grant, in the early 1960s, who 
developed the idea of selective thyroxine 
uptake by the median eminence and this 
should have been acknowledged in Fig. 49 
(perhaps the most important diagram in 
this chapter), and Popa and Fielding did 
not work at Oxford (p.102). 

Then follow standard, but nonetheless 
sound, accounts of the hypothalamic 
regulatory hormones (by Vale and 
associates) and the neurotransmitter 
(classical, non-peptide) regulation of 


anterior pituitary function (by Kordon and 


associates). De Wied and Witter describe in 
detail the way in which oligopeptides affect 
behaviour, mainly in animals and under 
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another illusion? 


Strictly defined experimental conditions. 
These authors probably over-reach 
themselves in areas of physiology as 
shown, for example, by the confused 
statement on the relevance of protein 
synthesis to the action of luteinizing 
hormone releasing hormone (p.361). 
Spector throws a timely challenge at the 
Bernard—Cannon concept of homeostasis 
(“Every living organism, from birth to 
death, is in a state of non-equilibrium’’), 
and then explores the involvement of the 
hypothalamus in the immune response and 
cancer in the context of his (Spector’s) 
theory of the ‘fluctuating central state’’. 
Spector’s review of the experimental 
evidence is especially important since 
several recent clinical studies suggest that 
the mental state, by way of a neuro- 
endocrine mechanism, may either pre- 
dispose the individual to and/or affect the 
course of systemic disease. A succinct 
chapter by Frohman on the control of 
metabolism by the hypothalamus con- 
cludes with the mid-1970s view (not that it 
has been replaced by any better view) of 
anorexia nervosa and obesity. Frohman’s 
chapter is complemented by Oomura’s 
account of the effects of metabolites on 
neuronal activity measured by single and 
multiple unit recording. 

Overall, the standard of this work is 
quite variable and in some technical 
respects, such as the reproduction of 
micrographs and electronmicrographs, is 
uniformly poor. Too many of the chapters 
are written as standard reviews, and some 
are only slightly modified versions of 
accounts published in the many other 
books on the hypothalamus that have 
recently appeared. The work could have 
been made much more valuable had an 
attempt been made to tabulate data 
relevant to current research. For example, 
there are no comprehensive tables showing 
quantitative data on the distribution of 
transmitters and the enzymes that 
synthesize or metabolize non-peptide 
transmitters, the distribution of the various 
types of neurons, or the electrophy- 
siological characteristics of neurons in 
various nuclei. To obtain these facts, the 
reader must wade through a lengthy text 
and often look up references cited by the 
authors — the point of a ‘‘handbook’”’ isto 
reduce this laborious task to a minimum. 

However, although these volumes are 
less than a handbook should be, the novel 
treatment of some of the data, together 
with the extensive bibliography (mostly up 
to 1977--1979), probably makes it 
reasonable for the aspiring or practising 
chemical phrenologist to recommend the 
work tothe nearest main library. Li 





George Fink is Director af the MRC Brain 
Metabolism Unit, University Depariment of 
Pharmacology, Edinburgh. 





NEW PERGAMON JOURNALS 


... AS reviewed in Nature 









Nuclear and 
Chemical Waste 
Management 


An indernational dourna of Egois Coie: 
Naranious Waste Technaiexyy A. Adar Moges) 


“| carries a variety of material... deals 
with economics, safety and public policy 
as weil as with technical matters... ofa 
uniformly high quality in the first few 
issues... deserves a place in libraries 
concerned with the topic of waste 
management...“ 
Published quarterly 
Annual rate (1982) 
Two-year rate (1982/83) 






USS 80.00 
US$ 152.00 





Editor-in-Chief: P E Glaser, Arthur 
D Little inc., Acorn Park, Cambridge, MA, 


USA 
“~, until recently the only place for the 


dissemination of most scientific and 
technical deveiopments .. . essential for 
any serious solar energy programme,” 
Published monthly 
Annual rate (1982) 
Two-year rate (1982/83) 


US$225.00 
US$427.50 





Executive Editors: B Jurdant & M Paty, 
Université Louis Pasteur, Strasbourg, 
Frarice 

“FUNDAMENTA SCIENTIAE js also 
international in the composition of its 
authorship and about half the articles are 
in French, .. Equally, the range of 
subjects and techniques is very wide... 
there are a considerable number of serious 
and well argued contributions on the 
philosophy of science.“ 

Published quarterly 


Annual rate (1982) US$ 65.00 
Two-year rate (1982/83) US$ 123.50 


Journal prices quoted include postage and 
insurance and are subject to change 
without notice. Sterling prices are 
available for UK and Eire customers on 
request. 


OBTAIN YOUR FREE SPECIMEN COPY 
OF ANY OF THESE JOURNALS FROM 


\ PERGAMON 
PRESS 


Headington Hill Hall, Oxford OX2 OBW 












THE 
PROFESSIONAL 


Editor-in-Chief: R Rajagopal, University 
of towa, lowa City, USA 


“In general ENVIRONMENTAL 
PROFESSIONAL is more policy 
orientated than technical. Focussed 
primarily upon a particular national, non- 
academic professional clientele, this 
journal nevertheless serves a broader 
audience than Environmental Impact 
Assessment Review ... its future would 
seer to be assured.” 


Published quarterly 
Annual rate (1982) 
Two-year rate (1982/83) 


US$35.00 
US$66.50 





5 AGG SRN 
“So far, after some six high-quality issues 
of scholarly, exmpirical reports in 
PERSONALITY AND INDIVIDUAL 
DIFFERENCES, the evidence is that, 
despite a decade of environmentalism and 
situationism in psychology, trait 
approaches to human differences are stiil 
alive and kicking. ... Above all, there is a 
healthy proportion of distinguished 
contributors, and the journal is catholic in 
the psychametric measures reported, in 
the subjects studied and in the countries 
from which the reports originate,” 


Published quarterly 
Annual rate (1982) 
Two-year rate (1982/83) 


US$ 65.00 
US$123.50 





“Perhaps the most ambitious of the new 
journals is ENVIRONMENT 
INTERNATIONAL, both in the quality of 
production and in its aim to presenta 
forum for the discussion of environmental 
issues by invelved parties, whether 
decision makers, scientists or engineers, as 
well as by the entire scientific community. 
.., Few other generalist journals have 
adapted such an authoritative stance... 
At present the quality of scientific 
contributions is high...” 


Published monthly 


Annual rate (1982) US$ 160.00 





“The production is good... the standard 
of papers is high and it is thus an 
important journal for inclusion in the 
geological section ef a library.” 


| Published quarterly 
| Annual rate (1982) 


USS 85.00 


Two-year rate (7982/83) 1358 161.50 





Edited by George Bugliavello anc 


| A George Schillinger, Polytechnic institute 


of New York, Brookiyn, NY 


“o... articles by Harvey Brooks, Alian 
Bromiey and one double-issue are af 
exceptional merit. For tals the editors Aad 
the good judgement and the good fortune 
to invite William Gordos, a sort af 
eminence grise af Amerncen governrreatial 
science policy, to edit a symposium an the 
making of science policy. ... The gur 
come, now published as a book (Science 
Advise to the President, Pergamoni, is very 
valuable.“ 


Published quarterly 
Annual rate (1982) 
Two-year rate (1982/82 


USS 90.00 
US3177.00 


Progress in- 
Analytical | 
Atomic 
Spectroscopy | 


Editor-in-Chief: C L Chekrabarti, Cerfetan 
University, Ottawa, Ontario, Canada 

"But what PROGRESS IN ANALYTICAL 
ATOMIC SPECTROSCOPY does 
outstandingly well is to offer the 
opportunity for publication of uniquely 
long and detailed fundamental papers, and 
if this aspect can be further developed the 
journal will undoubted! attain a character 
of its own and serve a vetal role.” 
Published quarterly 

Annual rate {19872} USS 85.00 





= 


Two-year rate (1982/83) US$161.50 L 
Circle No.20'on Reader Enquiry Card. 


Fairview Park, Elmsford, NY 10523, USA | Two-year rate (1982/83) US$304.00 





For today’s researchers 
in the earth sciences 





Inaugurating a new Series 


Advances in Physical Geochemistry 
Editor: S.K.SAXENA 


Volume | 


Thermodynamics of Mincrals 
and Melts 


R.C.NEWTON, A. NAVROTSKY, B.J. WOOD 
1981. 66 figs. XII, 304 pages 

Cloth DM 78,-; approx. US $ 36.40 

ISBN 3-540-90530-8 


Thermodynamics of Minerals and Melts, the first volume 

in the series Advances in Physical Geochemistry, is a broad 
survey of current research in the thermodynamic analysis of 
geological systems. Leading authorities summarize and 
interpret current knowledge of various aspects of the 
physical and chemical conditions of rock genesis. 

This unique overview will be highly useful to research 
scientists and advanced students of mineralogy, petrology, 
geochemistry, and thermodynamics. 


I. I. ROKITYANSKY 


Geoelectromagnetic Investigation 
of the Earth’s Crust and Mantle 


Translated from the Russian by N. L. Chobotova, 

G. M. Pestryakow, M. Pristay, B.G. Shilman 

1981. 129 figs. Approx. 420 pages 

Cloth DM 148,—: approx. US $ 68.90 

ISBN 3-540-10630-8 

(2nd Russian edition published by Nauka Dumka, 1975) 


With the large amount of data appearing in geophysical 
journals the need for a comprehensive overview of this multi- 
disciplinary field has become acute. Geoelectromagnetic 


.-. Investigation of the Earth’s Crust and Mantle fills this need 


with a critical summary of the principle results obtained in the 
last 15 years. 


J.B. GILL 


Orogenic Andesites and Plate 
Tectonics 

1981. 109 figs. XIV, 390 pages 

(Minerals and Rocks, Volume 16) 


Cloth DM 98,—; approx. US $ 45.70 
ISBN 3-540-10666-9 


Orogenic Andesites and Plate Tectonics summarizes the 
entire field of andesite genesis, weaving together threads of 
argument which often are lost or ignored. Critical syntheses 
of diverse data, written with the consistent objective of 
constraining theories of andesite genesis are presented. 
This volume will be of interest to graduate students and 
professional earth scientists in a variety of specialties. 


M. A. ZHARKOV 


History of Paleozoic Salt 


Accumulation 


Editor in chief: A. L. YANSHIN 

Translated from the Russian by R. E. Sorkina, 
R. V. Fursenko, T. I. Vasilieva 

1981. 35 figs. VIII, 308 pages 

Cloth DM 79,-; approx. US $ 36.80 

ISBN 3-540-10614-6 


This book is a unique review of Paleozoic salt accumulation 
throughout the world. His original work is supported by 
valuable literature references till now unavailable to non- 
Russian speakers. 

After a practical exposition of stratigraphy and geographical 
distribution of evaporites, the author presents, in great depth, 
the relation between accumulation of evaporites and paleo- 
geography, plate tectonics and paleoclimate. 


U. FÖRSTNER, G. T. W. WITTMANN 


Metal Pollution in the Aquatic 


Environment 


With contributions by F. PROSI, J. H. van LIERDE 
Foreword by E. D. GOLDBERG 

2nd revised edition. 1981. 102 figs., 94 tabs. XVIII, 486 pages 
Cloth DM 98,-; approx. US $ 45.70 

ISBN 3-540-10724-X 


The continued demand for Metal Pollution in the Aquatic 
Environment, combined with rapid advances in this field, 
have necessitated the preparation of this new edition which 
includes coverage of all important developments made 
since 1978. 


“This is an impressive and useful compilation of a large 
amount of data on heavy metals in the natural environment. 
...lucidly written and on the whole easily readable. ...a very 
valuable book that has been well produced. ...” Hydrobiologia 


“The book contains an extensive list of references (ca. 2000), 
is well written in a lively and critical style. ... The book ts 
more than a necessary inventory; it should stimulate further 
research and be helpful in solving problems. ... highly recom- 
mend this book to everyone involved in aquatic trace metal 
research, whether biologist, chemist or geologist.” 

Marine Chemistry 








A. BEN-MENAHEM, S. J. SINGH 


Seismic Waves and Sources 


1981. 307 figs. XXI, 1108 pages 
Cloth DM 182,—; approx. US $ 84.70 
ISBN 3-540-90506-5 


Seismic Waves and Sources offers a rigorous account of 
recent advances in the theory of generation and propagation 
of elastic waves in the earth. Reviewing 160 years of the 
history of seismology, coverage of seismic waves and of nor- 
mal modes using realistic earth models is well detailed. 
Emphasizing earthquake waves, the theory of gravity in water 
and acoustic gravity waves are included as well. 


P. E. POTTER, J.B. MAYNARD, W.A. PRYOR 


Sedimentology of Shale 


Study Guide and Reference Source 


1980. 154 figs. and a colored insert, 25 tabs. X. 306 pages 
Cloth DM 59,50; approx. US $ 27.70 
ISBN 3-540-90430-1 


“The volume is exceptionally stimulating and informative, 
and certainly an invaluable aid to all students of sedimentary 
rocks. Very useful for all geology students as well as pro- 
fessionals.” Choice 


“a basis for students and professionals alike to discover 
the many interesting, diverse facets of shales.” Geotimes 


Uniquely foreward-looking, this volume offers approaches 
to the study and research of shales. In addition, the authors 
have compiled a comprehensive and illustrated, annotated 
bibliography of the current significant literature of shales. 


A 
=e COASTAL PLAIN ma Da i CONTINENTAL SHELF ——t SLOPE A 


= SUAT TR. 
N ET Tao 


: LOW- DENSITY - 
a HIGH-PRESSURE SHALE 


S 
PRE Tet nRY SEES? 


S. A. MORSE 


Basalts and Phase Diagrams 


An Introduction to the Quantitative Use of Phase Diagrams 
in Igneous Petrology 


1980. 241 figs., 10 tabs. XVI, 493 pages 
Cloth DM 62,--; approx. US $ 28.90 
ISBN 3-540-90477-8 











H.-E. REINECK, I. B. SINGH 
Depositional Sedimentary 
Environments 


With Reference to Terrigenous Clastics 


2nd revised and updated edition. 

1980. 683 figs., 38 tabs. XIX, 549 pages 
DM 59,~—; approx. US $ 27.50 

ISBN 3-540-10189-6 


“The authors of this volume are to be congratulated on 
compiling and analyzing all the major modern sedimentary 
environments in which terrigenous clastic sediments are 
deposited. ... The book should provide both professional geo- 
logists and students with a commendable review of deposi- 
tional environments...” Nature 


Updated, revised, and expanded, the second edition will 
surely prove to be as welcome an addition to the field as its 
predecessor. 


Phanerozoic Stromatolites 


Case Histories 


Editors: C. MONTY 

1981. 121 figs., 10 plates. X, 249 pages 
Cloth DM 89,-; approx. US $ 41.40 
ISBN 3-540-10474-7 


Phanerozoic Stromatolites brings together selected papers 
from the 2nd Symposium on Fossil Algae, conceived as case 
histories ranging trom the Paleozoic to present-day and from 
fresh water to normal marine and hypersaline settings. Each 
case history is well illustrated and documented, and is ar- 
ranged here in stratigraphical order. 


L.HAKANSON 


A Manual of Lake Morphometry 


1981. 49 figs. LX, 78 pages 
DM 19,-; approx. US $ 8.90 
ISBN 3-540-10480-1 


A Manual of Lake Morphometry, written by a renowned 
scientist who has made many outstanding contributions to 
the field, is the first modern introduction to the design, exe- 
cution and evaluation of such studies. In it, Dr. Håkanson 
describes both the intrumentation necessary for successful 
soundings and measurements and the definition of morpho- 
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IN THE Cold Spring Harbor Symposium of 


1951, Barbara McClintock presented the 
first fairly full account of her data and 
ideas on ‘‘controlling elements” in maize. 
Her message can, with hindsight, be 
regarded as two-fold — first, that the maize 
genome contains elements capable of 
frequent transposition and, second, that 
such transpositions are likely to play an 
essential role in normal cellular differentia- 
tion. Even though it was the custom at the 
time to publish verbatim the discussion 
following each symposium contribution, 
no discussion at all is recorded after 
McClintock’s paper. The reactions, or so 
one has heard from those who were 
present, mostly ranged from incompre- 
hension to disbelief. 

Barbara McClintock did not contribute 
to the 1980 symposium, but she was present 
and must have been gratified to hear the 
ample confirmation, compressed here into 
two tightly packed volumes, of her main 
concepts. In one respect only is her original 
picture apparently falsified. Whereas she 
linked the kind of genetic movement which 
she saw in maize with controlled cell diff- 
erentiation, it now appears that there are 
two distinct kinds of phenomenon. 

First, there are the almost randomly 
moving, arguably ‘‘selfish’’, sequences. 
These are stiil not characterized at the 
molecular level in maize (though this will 
probably not remain true for much longer), 
but a number of examples of what are 
almost certainly closely comparable DNA 
elements are known in two other 
eukaryotes, yeast and Drosophila. In 
Drosophila, indeed, so many have now 
been detected that one begins to feel the 
need for a proper taxonomy and system of 
nomenclature. Movable elements like these 
will probably turn out to be present in all 
organisms. They are not, to be sure, totally 
anarchic. Most of the time their replication 
and movement is held in reasonable check, 
sometimes by repressors which they code 
for themselves — what one might call 
molecular self-restraint. But they seem 
likely to be significant mainly as generators 
of genetic noise. The future exploration of 
their relationships with their host genomes 
will constitute almost a new subject — 
intra-organism ecological genetics. As one 
group of papers makes plain, they bear an 
uncanny resemblance to the genomes of the 
retroviruses of mammals and birds. 

Controlled and specific DNA changes 
are also well represented in these volumes, 
but as a totally separate set of cases. Pride 
of place must be given to the rearrange- 


ments of mammalian antibody genes 
during the differentiation of antibody- 
producing cells. The 1980 state of play in 
this sensationally developing field was 
thoroughly aired in the symposium. More 
information is now available pointing to 
the mutational origin of at least much of 
the observed antibody diversity. But the 
main elements of the current picture are 
laid out here, including the mechanism of 
heavy-chain switching by DNA deletion 
and the production of both membrane- 
bound and secreted antibody by different 
modes of splicing at the RNA level (a way 
of diversifying gene products of which 
much more is being and will be heard). 
Whether immunity is unique among 
vertebrate systems of irreversible cellular 
differentiation in requiring DNA 
rearrangement is not known; many of us 
are waiting or searching for the next case. It 
is, however, already clear that, among 
prokaryotes and unicellular eukaryotes, 


Face to face with the 


Simon Lavington 


Minicomputers: A Reference Book for 
Engineers, Scientists and Managers. Edited 
by Y. Paker. Pp.505. ISBN 0-85626-188-2. 
(Abacus Press: 1981.) £32.50. Available in 
the US from Heyden & Son, $70. Inter- 
facing Microcomputers to the Real World. 
By Murray Sargent IH and Richard L. Shoe- 
maker. Pp.288. ISBN pbk 0-201-06879-6. 
(Addison-Wesley: 1981.) $14.50, £8.70. 


COMPUTERS are now firmly part of the 
grammar of science. It is not just that 
programming has become a commonplace 
activity; the incorporation of small 
computers into experimental apparatus is 
now within the capability and budget of 
most Scientists. With the advent of 
programmable electronics — micro- 
processors and their related chip sets — 
there are few limits to what the enthusiast 
can do with small computers. Even the 
traditional experts, the computer science 
academics, the pompous data processing 
managers, the loquacious salesmen, are at 
last being circumvented by ordinary 
mortals who are willing to ‘‘have a go”. Of 
crucial importance to the non-specialist is 
how to connect his equipment to a 
computer, or his own computer to a large 
one. The umbrella term ‘‘interfacing’’ 
covers such topics. Hardware and software 
techniques for interfacing are the principal 
themes of both the books under review, 
and they both tackle them in the context of 
small computer systems. 

The book by Sargent and Shoemaker is 
typical of the new movement amongst 
computer users. It swings along with an 
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controlled inversions or transpositions of 
DNA segments are ar important means of 
reversible cell differentiation. Yeast 
mating-type switching, documented here 
in great detail, is the best eukaryote 
example so far, but two papers on antigen 
variation in trypanosomes give promise of 
a second example of comparable fascin- 
ation and greater practical importance. 
Nearly all of the leading workers on 
movable DNA elements are represented in 
these volumes, inc.uding the Russian 
drosophilists who were, unfortunately, 
unable to be present in person. The 
production is up to the usual high Cold 
Spring Harbor standards. All of the Cold 
Spring Harbor Symposia have been good 
buys and many have been landmarks. This 
one ranks among the very best of them. © 
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JLRS. Fincham is Buchanan Professor in the 
Department of Genetics, University of 
Edinburgh. 


disposable computer 


informality which refuses to be slowed 
down by the odd gap in the authors’ 
technica] knowledge. It is a cook-book of 
tricks for getting the most out of a Z80 
microprocessor and a handful of TTL 
chips, written by two professors of optical 
science who have obviously had a lot of fun 
doing just that. But from this springs its 
drawback also: if you do not already have 
at least a modest electronics background 
and an enthusiasm fer assembler program- 
ming, the book is nothing but gibberish. 

In contrast, the collection of papers 
assembled by Dr Paker is written by 
experts. It looks at the general rather more 
than the particular, and is in the best 
traditions of textbcok turgidity. Its big 
drawback is that the material derives from 
courses of lectures given some years ago 
and, though claiming to be “updated, re- 
edited and condensed’’, shows its age in 
some of the technical details. Fortunately, 
many of the principles expounded 
transcend the fleeting years and the book 
could find a respectable home in the 
reference section of a library. It is best 
regarded as a series of review papers with 
special reference to minicomputers in real 
time and process control. The chapter on 
the CAMAC standard interface is 
particularly useful. 

How is it possible that two books, both 
dealing with interfacing to small 
computers, should contain so much 
mutually exclusive material? Apart from 
the different time-references of the 
material covered, there is a more subtle 
reason which relates to the antecedents of 
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minicomputers and microcomputers. 
Minicomputers were a downwards 
development from large, general-purpose, 
stored-program machines, whereas micro- 
computers were an upwards development 
from discrete electronics components. 
Both minis and micros retain the technical 
flavour of their respective forebears, 
together with a contrasting aura of 
formality versus informality, structure 
versus improvisation. Microprocessors 
and their related chip sets have become 
sufficiently cheap for improvisation to be, 
if not academically respectable, then at 
least cost-effective in terms of time and 
effort. Furthermore, the capability for in- 
genious local control now offered by a 
microprocessor is surely the answer to 
every experimental scientist’s prayer. 
Chips such as the Z80 ought to be as com- 
monly and as casually used as the bunsen 
burner of yesteryear. 


It is in this spirit that the book by Sargent 
and Shoemaker should be read. It is 
unashamedly biased towards the widely- 
used Z80 family of microprocessors, with 
the TRS-80 system predominating. 
Practical circuits and assembly-code 
sequences are given for dealing with AC 
control, A/D/A conversion, signal 
averaging, stepper motors, displays etc., 
and serial communication using a variety 
of physical media. There is an intriguing 
series of 14 step-by-step experiments (hard- 
ware and software) for the enthusiast 
armed with a Z80 starter kit. This book, 
like the Z80, should be bought, used well 
and then disposed of when it becomes 
obsolete. go 


Simon Lavington is a Senior Lecturer in 
Computer Science at the University of 
Manchester, and author of Early British 
Computers (Manchester University Press, 1980). 


... and then came Einstein... 


A.P. French 


Albert Ejinstein’s Special Theory of 
Relativity: Emergence (1905) and Early 
Interpretation (1905-1911). By Arthur I. 
Miller. Pp.466. ISBN hbk 0-201-04680-6; 
ISBN pbk 0-201-04679-2. (Addison- 
Wesley: 1981.) Hbk $39.50, £20.10; pbk 
$27.50, £13.45. 


PROFESSOR Miller has undertaken an inter- 
esting and worthwhile task in this detailed 
study of the historical background and the 
initial reception of Einstein’s special 
relativity theory, and in particular of his 
epoch-making first paper on this subject in 
1905. In his introduction, Miller makes the 
telling point that: 


.. . itis difficult to imagine a teacher of English 
who has never read one of Shakespeare’s plays. 
But few people today, including physics 
researchers, teachers of physical science or 
philosophers of science, have carefully read 
Einstein's relativity paper of 1905. . . 


— this despite its immense impact, not only 
in its particular field, but also on the whole 
philosophy of theoretical science. Miller 
also remarks that: 


.. . While many in-depth analyses of the works 
of high literature are available to humanistic 
scholars, physicists have virtually no access to 
analyses that guide the reader through the real 
and apparent complexities of a major scientific 
work, placing the work in its proper historic 
context... 


It has been Miller’s aim to provide within 
a Single book a detailed exegesis of the 1905 
paper, preceded by a full account of the 
developing situation in electromagnetic 
theory during the 15 years prior to its 
appearance. In a lengthy chapter which 
occupies over a quarter of the book, he 
takes the reader through the complex 
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history of electrodynamics after Maxwell, 
as developed chiefly by Hertz, Lorentz, 
Abraham and Poincaré. At first, the 
problem was to reconcile an ether-based 
electromagnetic theory with the optical 
phenomena observed by Fizeau and 
Michelson. However, after the discovery 
of the electron in 1896/7, the quest began 
for an electrical theory of matter, including 
various specific theoretical expressions for 
the variation of electron mass with velocity 
— predictions that were diligently 
compared with the contemporaneous 
experimental findings of Kaufmann. 
Then came Einstein. Miller's reminder 
of the complexity and artificiality into 
which classical electrodynamics had been 
driven helps one to appreciate even better 
the magnitude of Einstein’s genius. 
Reading the opening sections of his 1905 
paper is like going into a side room for a 
quiet and thoughtful conversation after 
being at a noisy, crowded cocktail party. 
His profound and deceptively simple 
insights led, as we all know, to a straight- 
forward, exact and complete explanation 
of all the phenomena that had so exercised 
the experts. Miller conducts us through 
Einstein’s paper, section by section, with 
appropriate reference to relevant contem- 
porary work and the reactions of other 
physicists. Two features of these reactions 
seem to stand out. One is the failure of the 
world of physics in 1905 to recognize or 
acknowledge the conceptual gulf between 
Einstein’s approach and the ether-based 
theories of Lorentz. The other is a similar 
failure to see that Einstein’s results, based 
as they were on fundamental concepts of 
space and time, transcended the limits of 
electrodynamics in particular. Thus, for 
example, his formula for the variation of 
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mass with velocity was not a theory of 
electromagnetic mass alone, but of all 
mass. Miller gives a good picture of this 
situation, in which special relativity, as a 
theory in its own right, had to wait about 
five years for widespread acceptance. 

On a couple of points of detail, I was 
sorry that Miller (p.134) repeated the old 
myth that Boltzmann’s constant and 
Avogadro’s number were not reliably 
known before 1905 (or, presumably, until 
they could be inferred from Millikan’s 
precise measurements of e around 1915). In 
1900 Planck published values of these 
quantities differing by less than 3 per cent 
from today’s. Also, I was puzzled by 
Miller’s assertion (p. 266) that the Ives— 
Stilwell experiment of 1938 remains the 
only positive proof of time dilation. Surely 
the Hafele—Keating experiment (1971), 
with atomic clocks carried around the 
world in opposite directions, was as direct a 
demonstration as one could wish for. 





I have a further, more substantial 
criticism of Miller’s treatment. He quotes 
what Einstein once said about Mach’s deep 
insights into the development of mech- 
anics, even where specific knowledge of 
what the early workers thought or did was 
lacking. Miller seems to try to emulate this 
in the case of Einstein. In particular, with 
regard to Kaufmann’s measurements of 
electron mass as a function of velocity, 
Miller suggests that Einstein knew of these 
results in 1905, but failed to mention them 
because they conflicted with the pre- 
dictions of his theory. This seems to me 
entirely out of character for Einstein, and 
represents an unwarranted aspersion on his 
scientific integrity. Conjectures of this sort 
can only detract from an otherwise 
scholarly discussion. It seems far more 
likely that, just as in his development of the 
photoelectric equation, Einstein did not 
know or care very much about the 
imperfect experimental data; the foun- 
dations of his theorizing were much deeper 
and stronger. Except for this criticism, 
however, I would recommend Miller’s 
book to anyone who wishes to find a 
detailed picture of the antecedents and 
birth of special relativity. a 


A.P. French is a Professor of Physics at the 
Massachusetts Institute of Technology. 
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1981.) $42. 


Pp.369. ISBN 





i, (Elsevier- 


. Pp.340, ISBN 









` Applied Biological Sciences 


CROOKE, S.T. and PRESTAYKO, A.W. Cancer and Chemotherapy Vol. H, 
Introduction to Clinical Oncology. Pp.380. ISBN 0-12-197802-8. (Academic: 1981.) 
$42.50. . 

LEWIS, D.H. (ed.) Controlled Release of Pesticides and Pharmaceuticals. 
Proceedings of the 7th International Symposium on Controlled Release of Bioactive 
Materials, held in Ft. Lauderdale, Florida, July 1980. Pp.340. ISBN 0-306-40743-4. 
(Plenum: 1981.) $42.50. 

_ MAY, R. and WEBER, J. (eds). Pelvic and Abdominal Veins. Progress in 
_ Diagnostics and Therapy. Proceedings of the Symposium, Igis-Innsbruck, Austria, 
October 1980. Pp.374. ISBN 90-2190494.2. (Excerpta Medica, Amsterdam: 1981.) 
$68, D#l.160. 

= WALSER, M. and WILLIAMSON, J.R. (eds). Metabolism and Clinical 
Implications of Branched Chain Amino and Ketoacids. Developments in Bio- 
chemistry, Vol.18. Proceedings of the International Symposium held at the Kiawah 
Island Conference Centre, Charleston, South Carolina, U.S.A. November 1980. 
- Pp.631. ISBN 0-444-00622-2. (Elsevier/North-Holland: 1981.) $80, Df1.213; $104 
(outside USA). 










Psychology 


DAVEY, G. Applications of Conditioning Theory. Psychology in Progress. 
Pp.222. Hbk ISBN 0-416-73560-6; pbk ISBN 0-416-73570-3. (Methuen: 1981.) Hbk 
£10.50; pbk £4.95. 

DOERNER, K. Madmen and the Bourgeoisie. A Social History of Insanity and 
Psychiatry. Pp.361. ISBN 0-631-10181-0. (Basil Blackwell: 1981.) £16. 

FLAVELL, J.H. and ROSS, L. (eds). Social Cognitive Development. Frontiers 
and Possible Futures. Pp.322. Hbk ISBN 0-521-23687-8; pbk ISBN 0-521-28156-3. 
(Cambridge University Press: 1981.) Hbk £20; pbk £6.95. 

. GHISELLI, E.E., CAMPBELL, J.P. and ZEDECK,S. Measurement Theory for 
0 the Behavioural Sciences. Pp.494. Hbk ISBN 0-7167-1048-X; pbk ISBN 
co 7167-1252). (W.H. Freeman: 1981.) Hbk £18.70; pbk £11.70. 

HENDERSON, R.W. (ed.). Parent-Child Interaction: Theory, Research, and 
Prospects. Pp.335. ISBN 0-12-340620-X. (Grune & Stratton: 1981.) $29.50, 

PIROZZOLO, F.3. The Neuropsychology of Developmental Reading Disorders. 
Pp. 10. ISBN 0-03-046121-9. (Holt, Rinehart & Winston: 1979.) Np. 

ROYCE, J.R. and MOS, L.P. (eds). Humanistic Psychology. Concepts and 
Criticisms. Pp.311. ISBN 0-306-40596-2. (Plenum: 1981.) $27.50, 


Sociology 


CHAFETZ, M.C, Health Education. An Annotated Bibliography on Lifestyle, 
“Behavior, and Health. Pp.272. ISBN 0-306-40754-X. (Plenum: 1981.) $29.50. 
HOLMES, H.B., HOSKINS, B.B. and GROSS, M. (eds). The Custom-Made 
Child? Pp.368. Hbk ISBN 0-89603-024-5; pbk ISBN 0-89603-025-3. (Humana, 
Clifton, New Jersey: 1981.) Hbk $14.95; pbk np. 
HUNTINGTON, J. Social Work and General Medical Practice. Collaboration or 
Conflict? Pp.196. Hbk ISBN 0-04-360059-X; pbk ISBN 0-04-360060-3. (Allen & 
Unwin, London: 1981.) Np. 
MICHALOS, A.C. North American Social Report. A Comparative Study of the 
Quality of Life in Canada and the U.S.A. from 1964 to 1974. Vol.3, Science, 
Education and Recreation. Pp.212. Pbk ISBN 90-277-1257-3. (Reidel: 1981.) Pbk 
Dfl.60, $29.50. 
TOOZE, D. Independence Training for Visually Handicapped Children. Pp.101. 
Flexi ISBN 0-7099-0290-5. (Croom Helm, London: 1981.) £6.95. 
ee WEST, B.J. (ed.). Mathematical Models as a Tool for the Social Sciences. Pp.120. 
oo SBN 0-677-10390-5. (Gordon & Breach: 1980.) $26.50. 
cew t WHYTTEMORE, C. Land for People: Land Tenure and the Very Poor. Pp.55. 
See < -Pbk ISBN 0-85598-046-X. (Oxfam, Oxford: 1981.) Pbk £1.30. 


General 


ApSIMON, J. (ed.). The Total Synthesis of Natural Products, Vol.4. Pp.610. 
ISEN 0-471-05460-7. (Wiley; 1981.) £42, $79.80. 

_.. ARNOLD, L. and LEFEVER, R. (eds). Stochastic Nonlinear Systems in Physics, 
- Chemistry, and Biology. Proceedings of the Workshop, Bielefeld, Federal Republic 
of Germany, October 1980, Pp.237. ISBN 3-540-10713-4. (Springer-Verlag: 1981.) 
DM 62, $29.60. 

- BARLOW, K. and BUNYARD, P. (eds). Soil, Food and Health in a Changing 
World. Pp. 108. Flexi ISBN 0-907360-00-9, (AB Academic Publishers, Berkhamsted, 
Herts.: 1981.) £5.50. 

BONCZEK, R.H., HOLSAPPLE, C.W. and WHINSTON, A.B. Foundations of 
Decision Support Systems. Pp.393. ISBN 0-12-0-12-113050-9. (Academic: 1981.) 
$29.50. 

BOTT, R. (ed.) Marston Morse Selected Papers. Pp.882. ISBN 3-540-90532-4. 
(Springer-Verlag: 1981.) DM 68, $32.40. 

BRAGG, G.M. and STRAUSS, W. (eds). Air Pollution and Control, Part IV. 
Pp.356. ISBN 0-471-07957-X. (Wiley: 1981.) £27.30, $52. 

BROWN, J.W. (ed.). Jargonaphasia. Perspectives in Neurolinguistics, 
Neuropsychology, and Psycholinguistics. Pp.329. ISBN 0-12-137580-3. (Academic: 
1981.) Np. 

BUCKETT, M. An Introduction to Farm Organisation and Management. 

Pp.313. Hbk ISBN 0-08-024433-5; flexi ISBN 0-08-024432-7. (Pergamon: 1981.) 

, Hbk £20, $48; flexi £8.50, $18. 

JS BOHLER, W.K. Gauss. A Biographical Study. Pp.208. ISBN 3-540-10662-6. 
(Springer-Verlag: 1981.) DM 39, $17.80. 
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CLARK, ‘G: C. Jee and p€ ob 1B. Error-Correction Coding for Digital 
Communications. Pp.422: ISBN 0-306-40615-2. (Plenum: 1981.) $39.50. 

CUELLIS, C.F. and FIRTH, J.G. (eds). Detection and Measurement of Hazardous 
Gases. Pp.226. ISBN 0-435-71030-3. (Heinemann Educational, London: 1981.) £25. 

FRIEDMAN, M.P., DAS, J.P. and O'CONNOR, N. (eds). Intelligence and 
Learning. NATO Conference Series. Proceedings of a NATO Conference held July 
1979 in York, England. Pp.624. ISBN 0-306-40643-8. (Plenum: 1981.) $42.50. 

GOODENOUGH, P.W. and ATKIN, R.K. (eds). Quality in Stored and 
Processed Vegetables and Fruit. Proceedings of a Symposium held at Long Ashton 
Research Station, University of Bristol, April 1979. Pp.398. ISBN 0-12-289740-4. 
(Academic: 1981.) £25.80, $62. 

HAMBURG, D.A. and TRUDEAU, M.B. (eds). Biobehavioral Aspects of 
Aggression. Pp.288. ISBN 0-8451-0210-9. (Alan R. Liss, New York: 1981.) £31.40, 
DM 138. 

HEISER, C.B. Jr. Seed to Civilisation. The Story of Food. 2nd Edn. Pp.254, Hbk 
ISBN 0-7167-1264-4; pbk ISBN 0-7167-1265-2. (W.H. Freeman: 1981.) Hbk £13.40; 
pbk £6.20. 

THE INTERNATIONAL COMPUTING SYMPOSIUM. Systems Architecture. 
Proceedings of the 6th ACM European Regional Conference. Pp.515. Flexi ISBN 
0-86103-050-8 (Westbury House, Guildford, Surrey: 1981.) Np. 

JAMESON, K.P. and WILBER, C.K. (eds). Religious Values and Development. 
Pp.615. ISBN 0-08-026107-8. (Pergamon: 1980.) £15, $34.50. 

JONES, A.L., HUTCHESON, M.W. and DYMOTT, S.M. Occupational 
Hygiene: An Introductory Guide. Pp.182. ISBN 0-7099-1404-0. (Croom Helm, 
London: 1981.) £9.95. 

KELLOGG, W.W. and SCHWARE, R. Climate Change and Society. 
Consequences of Increasing Atmospheric Carbon Dioxide. Pp.178. Hbk ISBN 
0-86531-179-X; pbk ISBN 0-86531-180-3. (Westview, Boulder, Colorado: 1981.) Np. 

KURKAK, A., RIPPMAN, E.T. and SULOVIC, V. Current Status of EPH 
Gestosis. Proceedings of the 12th International Meeting on EPH Gestosis, 
Dubrovnik, Yugoslavia, May 1980. Pp.524. ISBN 90-219-0455-1. (Excerpta Medica, 
Amsterdam: 1981.) $95, Df?.195. 

LAVENDER, S.J. New Land for Old. The Environmental Renaissance of the 
Lower Swansea Valley. Pp.137. Hbk ISBN 0-85274-386-6; flexi ISBN 0-85274-453-6, 
(Adam Hilger, Bristol: 1981.) Hbk £11.50; flexi £6.95. 

LONG, S.L. {ed.) The Handbook of Political Behavior, 
0-306-40603-9. (Plenum: 1981.) $45. 

MACE, G.S., AKINS, F.R. and AKINS, D.L. The Bereaved Child. Analysis, 
Education and Treatment: An Abstracted Bibliography. Pp.284. ISBN 
0-306-65197-1. (Plenum: 1981.) $75. 

MALEY, J. Etudes Palynologiques dans Je Bassin du Tchad et Paléoclimatologie 
de l'Afrique Nord-Tropicale de 300,000 Ans à l’Epoque Actuelle. Travaux et 
Documents de L’O.R.S.T.M., No. 129. Pp.586. ISBN 2-7099-0592-2. (Office de la 
Recherche Scientifique et Technique Outre-Mer, Paris: 1981.) Pbk np. 

MANDELBAUM, M. The Nuclear Revolution: Internationa! Politics Before and 
After Hiroshima. Pp.283. Hbk ISBN 0-521-23819-6; pbk ISBN 0-521-28239-X. 
(Cambridge University Press: 1981.) Hbk £17.50; pbk £5.95. 

MATTHEWS, J.A. Quantative and Statistical Approaches to Geography. A 
Practical Manual. Pp.204. Hbk ISBN 0-08-024296-0; flexi ISBN 0-08-024295-2. 
(Pergamon: 1981.) Hbk £15.50, $35; flexi £6.50, $15.65. 

McLACHLAN, G. (ed.). Reviewing Practice in Medical Care. Steps to Quality 
Assurance. Pp.126. Flexi ISBN 0-900574-34-8. (The Nuffield Provincial Hospitals 
Trust, London: 1981.) £4.80. 

MEYRES, M.A. and MURR, L.E. (eds). Shock Waves and High-Starain-Rate 
Phenomena in Metals. Concepts and Applications. Proceedings of an International 
Conference held June 1980 in Albuquerque, New Mexico. Pp.1101. ISBN 
0-306-40633-0. (Plenum: 1981.) $95. 

MILUNSKY, A. (ed.). Coping with Crisis and Handicap. Proceedings of the 
National Symposium co-sponsored by the Eunice Kennedy Shriver Center, the 
Boston University School of Nursing, and the Massachusetts Nurses Association, 
held September 1979 at the Copley Plaza Hotel, Boston, Massachusetts. Pp.358. 
ISBN 0-306-40660-8. (Plenum: 1981.) $19.50. 

MOYER, K.E. and CRABTREE, M. Bibliography of Aggressive Behaviour: A 
Reader’s Guide to the Research Literature, Vol.II. Pp.459. ISBN 0-8451-0212-5. 
(Alan R. Liss, New York: 1981.) £31.40, DM 138. 

NAUMANN, K. Chemie der Pflanzenschutz-und Schadlingsbekampfungsmittel, 
Band 7. Pp.217. ISBN 3-540-10452-6. (Springer-Verlag: 1981.) DM 168, $76.40. 

O'NEIL, H.F. Jr. (ed.). Computer-Based Instruction. A State-of-the-Art 
Assessment, Pp.260. ISBN 0-12-526760-6. (Academic: 1981.) $23.50. 

O'RIORDAN, T.O. and SEWELL, W.R.D. (eds). Project Appraisal and Policy 
Review. Pp.304. ISBN 0-471-27853-X. (Wiley: 1981.) £13, $36. 

PASK, J. and EVANS, A. (eds). Surfaces and Interfaces in Ceramic and Ceramic- 
Metal Systems. Materials Science Research, Vol.14. Proceedings of the 17th 
University Conference on Ceramics, and the 7th LBL/MMRD International 
Materials Symposium, held at the University of California at Berkeley July-August 
1980. Pp.754. ISBN 0-306-40726-4. (Plenum: 1981.) $75. 

RUSSELL, C.T. and RYCROFT, M.J., (eds). Active Experiments in Space 
Plasmas. Advances in Space Research, Vol.1. No.2. Proceedings of Symposium 9 of 
the COSPAR 23rd Plenary Meeting held in Budapest, Hungary, June 1980. Pp.468. 
Flexi ISBN 0-08-027158-8. (Pergamon: 1981.) $59, £25.50, 

SCHMUCKER, U. (ed.), Electromagnetic Induction in the Earth and Moon, 
Advances in Earth and Planetary Sciences, 9. Pp.200. ISBN 9)-277-1131-3. (Reidel: 
1980.) Dfi.50, $26.50. 

SHARMA, A.B., HALME, S.J. and BUTUSOV, M.M. Optical Fiber Systems 
and Their Components: An Introduction. Springer Series in Optical Sciences, 
Vol.24. Pp.246. ISBN 3-540-10437-2. (Springer-Verlag: 1981.) DM 65, $34.20. 

SOMOGYI, A.J., KOTA, J. and KECSKEMETY, K. (eds). Cosmic Rays in the 
Heliosphere. Advances in Space Research, Vol.1. No.3. Proceedings of Symposium 
2 of the COSPAR 23rd Plenary Meeting held in Budapest, Hungary, June 1980. 
Pp.178. Flexi ISBN 0-08-027159. (Pergamon: 1981.) $21.25, £9. 
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MAJOR NEW SERIES 





TOPICS IN MOLECULAR 





General Editors: 


& STRUCTURAL BIOLOGY 


WATSON FULLER, 


Department of Physics, University of Keele. 


STEPHEN NEIDLE, 


Department of Biophysics. King’s College, London. 


TOPICS IN MOLECULAR AND STRUCTURAL 
BIOLOGY is a major new series which is aimed at 
emphasising interest in three-dimensitonal 
structure — the feature which most obviously 
characterises molecular biology as a discipline. 


Each volume will focus on a particular family of 
biological macromolecules or a well-detined area of 
structural interest. The contributions will be chasen to 
reflect the wide range of physical and chemical 
techniques which characterise contemporary 
approaches to problems in molecular biology. 


The aim will be to highlight topics of high current 
interest rather than to provide a text with uniform and 
comprehensive treatment of the field. 


The contribution that this series will make in 
encouraging interest in three-dimensional structure 
willbe clearly derived from a broad experimental base. 
Descriptions of more speculative model building and 
conformational analysis will certainly not be excluded 
but there will be a maior emphasis on identifying the 
assumptions which limit their significance. 


The need to place such studies in some perspective 
would seem to be particularly timely since the rapidly 
increasing availability within many laboratories of high 
speed computers with good quality graphics can be 
expected to stimulate a great deal of work in this area, 


The general level of treatment in this series is aimed at 
research workers in molecular biology and related 
fields. The major emphasis is on the results which 
have been obtained and the significance which should 
make these volumes of particular value to workers in 
cognate areas of applied biology and medicine. 


SCIENTIFIC 
MEDICAL 





VOLUME 1 
TOPICS IN NUCLEIC ACID STRUCTURE 
Edited by STEPHEN NEIDLE 


Spring 1981 £20 c230pp 
ISBN O 333 26678 I 


This work systematically details the most recent data 
on all structural aspects of oligonucleotides, transfer 
RNAS, polymeric nucleic acids and chromatin. 

Each category is described both in terms of X-ray 
crystallographic and solution NMR data. 

A standardised and rational system of nomenclature is 
used throughout the book. 





VOLUME 2 

DEVELOPMENTS IN NUCLEIC ACID 
STRUCTURE 

Winter 1981 c£24 ISBN 0O 333 31555 3 


VOLUME 3 

MOLECULAR ASPECTS OF ANTICANCER 
DRUG ACTION 

Winter 1987 c£24 ISBN O 333 31556 7 





send your orders, requests for further information 

etc. to: Frances Roach, Product Manager, 
Scientific & Medical Division, 
Macmillan Publishers Ltd, 
Houndmills, Basingstoke 
Hampshire RG21 2X5, UK. 
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CSIRO 


AUSTRALIA 


Chief of Division 


Division of Fisheries Research 
CSIRO Marine Laboratories 


Sydney 


Applications are invited for the position of Chief 
-9f the Division of Fisheries Research from scientists 


$ © who have a record of personal research achievement 


and leadership in an appropriate field of science. 
CSIRO is Australia’s largest and most 

comprehensive research organization, having 

approximately 7,500 employees of whom 2,700 are 


| research and professional scientists. Its broad 
$ charter covers research into problems of primary 


and secondary industries and also such fields of 
‘community interest as human nutrition, the 
environment and the development and use of 
natural resources. The Organization has recently 
grouped its research activities in five Institutes. 


Previously, CSIRO’s work in marine science was 
carried out mainly within the Division of Fisheries 
and Oceanography, with headquarters at Cronulla, 
Sydney, NSW, and laboratories also at Cleveland, 
Queensland and Marmion, Perth, WA. The CSIRO 
Executive recently decided that the Division would 

. be reorganized to become the CSIRO Marine 

- Laboratories. These comprise a Division of Fisheries 
-= Research within the institute of Animal and Food 
Sciences, and a Division of Oceanography within 


< the Institute of Physical Sciences. The two 
o §_ Divisions have headquarters at the same site, 
 jnitially at Cronulla. Arrangements are in train for 


> the relocation of the headquarters of the two 

- Divisions to Hobart, Tasmania, where new 

- laboratories will be constructed, It is expected that 
the Divisions will move to the new site by 1985. 


The Division of Fisheries Research has about 80 


-research and associated technical staff, including 


some 57 professional scientists. The two Divisions 
share the services of some 70 special support and 
æ administrative staff including general workshop, 
étectronics, computing and library staff. 

Bis Division of Fisheries Research undertakes 

k on marine biology and ecology, ocean 

Laci and the population dynamics of 

commercial and potentially commercial species. 
The research includes both strategic and resource- 


New South Wales 


oriented studies. The Australian Fishing Zone 
receives special attention. A 53 metre chartered 
vessel is available for the Division's research. 


The objective of the Division of Oceanography is 
to conduct physical and chemical research aimed at 
the understanding of oceanographic processes and 
phenomena. A chartered vessel is available to this 
Division, and biological oceanographers from the 
Division of Fisheries Research have access to it. 


The Chief of a Division is responsible to the 
Institute Director for the leadership, development, 
scientific direction and integration of the research 
programs of the Division, and is encouraged to 
promote active collaboration with other Divisions, 
industry and research bodies working in associated 
areas. 

Salary for the position is negotiable, but will be 
not less than $A43,158 per annum. 


Appointment to the Organization is for an 
indefinite period and carries Commonwealth 
Superannuation privileges subject to normal 
conditions, The position of Chief is offered for a 
negotiable term of the order of five to seven years, 
with subsequent options for a further term, if 
mutually desired, or for a senior position in the 
Organization. 

Dr K A Ferguson, FTS, Director of the Institute 
of Animal and Food Sciences and Chairman of the 
Search Committee, would be pleased to provide 
further information about the new Division and 
discuss the position with potential applicants. He 
would also be pleased to receive other advice 
concerning the appointment from people with a 
particular interest in it. Dr Ferguson may be 
contacted at the address below, 


Applications stating full personal and professional 
details and names of at least three professional 
referees and quoting reference number A2267 
should reach: The Director, Institute of Animal and 
Food Sciences, CSIRO Headquarters, PO Box 225, 
DICKSON ACT 2602, AUSTRALIA by 30 
November 1981. (9806)A 


peer 





POSTDOCTORAL POSITION 


is available for someone trained in 
either Bio-organic Chemistry of Bio- 
chemistry to work on the structure 
and function of a new group of 
antibiotics isolated from the blue- 
green algae. Position to begin 
1/1/82. Salary negotiable com- 
mensurate with experience. 


Send curriculum vitae and names 
of three (3) references by 12/1/81 to: 
Dr John M Wood; Gray Freshwater 
Biological Institute; University of 
Minnesota; PO Box 100; Navarre, 
MN 55392. 


The University of Minnesota is an 
equal opportunity educator and 
employer and specifically invites and 
encourages applications from women 
and minorities. (NWOOTJA 


MEMORIAL UNIVERSITY 
OF NEWFOUNDLAND 
Canada 


DEPARTMENT OF 
GEOLOGY 
is expanding into areas related to East 
Coast offshore petroleum 
exploration and development. Three 
tenure-track positions (two subject to 
budget) at the 


ASSISTANT/ ASSOCIATE 
PROFESSOR 


level will be available from July 1982 
and applications are invited from 
specialists in stable isotope geo- 
chemistry, organic geochemistry, 
clay mineralogy, Mesozoic-Cenozoic 
palynology, engineering geology, 
and crustal geodynamics (basin 
modelling). A PhD in earth sciences 
or related field is required together 
with proven research and teaching 
capability; salary will be commen- 
surate with qualifications and 
experience and will commence in the 
range $25,550 — $39,000. 


Applications or enquiries should 
be sent to: Dr C R Barnes, Head 
Department of Geology, Memorial 
University of Newfoundland, St 
John’s, Newfoundland, Canada AIB 
3X5 


NOTE: Until February 15th, 1982, 
consideration will be given only to 
applicants who are Canadian citizens 
or permanent residents; after that 
date other applications can be 
considered if the position remains 
open. _ &NWOLDA 
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Unicet, the most important subsidiary of the American Laboratory - Schering Plough Corp. - has established a major Immunology Research 
Centre at Lyon. The Centre devotes a large part of its activity to research on Interferon and, as such, forms the largest clinical research 
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CLINICAL RESEARCH - INTERFERON 
LYON - FRANCE 


programme on Interferon in the world. Naturally, its application will be of international importance. 
To help further this extensive programme we now have two opportunities within our staff establishment. 


ASSISTANT DIRECTOR 
OF CLINICAL RESEARCH 


INTERFERON EUROPE 


M/F 
Ref. N 13450B 


Directly responsible to the Director, the Assistant will be in charge of 
creating, co-ordinating and managing a full range of clinical studies. 
This will include developing and conducting experiments for file 
preparation to obtain the Doug Registration, and participating at 
medical conferences and congresses. The Assistant will have a full 


staff support team. 


Ideally, candidates will be M.D.’s with a number of years experience 
in clinical research for the pharmaceutical industry or have a 
scientific background (Ph. D or equivalent) with some 10 years’ 
experience in pharmaceuticals. Given the seniority and demands of 


this 


sition, a perfect command of English, combined with great 


flexibility and the will to succeed are all essential requirements. 


CLINICAL RESEARCH 
ASSISTANT 


INTERFERON EUROPE 


M/F 


Responsible to the Director for Europe, the Clinical Research 
Assistant will take part in the development of clinscal trials and be 
responsible for their progress, the preparation of brochures, the 
introduction of preliminary investigations, producing tables. 
diagrams and statistics for reports on clinical studies as well as 
preliminary summaries for medical publications. 
Candidates should have a scientific background (ea. up to M Se in 
science or related subjects) with some years experince in the field 
of industrial clinical research for the pharmaceutical industry. Nursing 
quanatons, coupled with clinical trial experience will be eligible. 
andidates should be willing to travel throughout Europe and be 


fluent in the English language. 


Both positions carry generous salaries and first class working conditions. 
For further information, please write quoting the relevant reference number, to: 


EGOR RHONE-ALPES 


Dominique BARRE 
Tour Crédit Lyonnais 


129 rue Servient 69431 Lyon Cédex 3 


EGOR BIOPHARMA 


Anne-Marie HAUGOU 
8 rue de Beri 
75008 Paris 


(9794) © OO 





Ref. N,13450C 


PARIS LYON MILANO NEW YORK CALGARY MONTREAL TM 





SIMON FRASER 
UNIVERSITY 
Burnaby, British Columbia, 
Canada 
DEPARTMENT OF BIOLOGICAL 
SCIENCES 
POPULATION DYNAMICS 
Applications are invited for a tenure- 
track position as Assistant Professor 
in Population Biology, with research 
interests in the dynamics of inter- 
specific (eg, predator-prey, parasite- 
host, pathogen-host),. The successful 
applicant will be expected to develop a 
strong research programme and to 
teach at both the undergraduate and 


graduate level, including courses inthe | 


Department’s Master of Pest Manage- 
ment Programme. Candidates must 
have a PhD degree, with experience in 
entomology and/or pest manage- 
ment. Preference will be given to 
candidates eligible for employment in 
Canada at the time of application. 


The position is available from i 
September 1982. The current salary 
base for the Assistant Professor rank 
is $25 ,000/year subject to ratification. 


Applications should include curri- 
culum vitae, a brief statement of 
research interests and objectives, and 
reprints of published research. Appli- 
cants should request a confidential 
assessment of their research and 
teaching ability from three referees, to 
be forwarded directly to: Dr K K Nair, 
Chairman, Department of Biological 
Sciences, Simon Fraser University, 
Burnaby, BC, Canada V5A 1S6. 


Deadline for receipt of applications 
is 3] December 1981, or until the 
position ish (NW998)A 





UNIVERSITY COLLEGE 
OF BOTSWANA 
Applications are invited for the post of 
PROFESSOR OF PHYSICS. 


Candidates must be senior persons in 
their field and must have a minimum 
of an MSc in Physics. Those with a 
PhD willbe given first consideration. 
Considerable experience in teaching 
physics at University level is required 
as well as significant research and 
administrative experience. The 
appointee may be required to provide 
academic leadership in a rapidly 
developing department. 


Salary: P14,148 pa (£1 sterling = 
P1.56). The University has a small 
number of positions within its estab- 
lishment for which the British 
Government provides supplemen- 
tation payments. The present post 


| carries no such benefits and is offered 

on local terms and conditions only. 
| Two-year renewable contract, 
| contract addition, family passages, 
| baggage allowance, gratuity, assis- 
= tance with accommodation, hard 
| furniture provided. 


Detailed applications (2 copies). 


including a curriculum vitae and 
naming 3 referees, should be sent to 
the Registrar, University College of 
Botswana, to arrive not later than 
i December 1981. 


Applicants resident in UK should 
also send I copy to the Committee for 
International Cooperation in Higher 
Education Division, 90/91 
Tottenham Court Road, London 
WIP ODT. Further details are avail- 
able from either address. (9791)A 


UNIVERSITY OF 
WISCONSIN-MADISON 
BIOCHEMISTRY DEPARTMENT 


Applications are invited for a faculty 
position in the Department of 
Biochemistry, University of 
Wisconsin, Madison. The rank of the 
appointment is for an 


ASSISTANT OR 
ASSOCIATE PROFESSOR 


and individuals at all academic levels 
are encouraged to apply. Candidates 
must have research interests and 
experience in nucleic acid 
biochemistry; but, within this broad 
areas, emphasis will be placed on 
selecting an outstanding individual. 


The successful applicant will be 
expected to develop a substantial 
independent research program, to 
teach in the Biochemistry 
Department’s curriculum, and to 
supervise graduate students. 


Salary will be on a 12-month basis | 


at a level that is commensurate with 
qualifications and experience and 
compatible with the salary structure 
of the University of Wisconsin 
system. Women and minority 


candidates are especially encouraged | 


to apply. 

Send detailed curriculum vitae, 
including a statement of research 
accomplishments and interests and 
the names of three references to: H F 
DeLuca, Chairman, Department of 
Biochemistry, University of 
Wisconsin, Madison, WI 453706, 
before December 1, 1981. The 
University of Wisconsin is an Equal 
Opportunity/Affirmative Action 
employer. (NW 1008)A 


‘above background to the project 








INTERNATIONAL ' 
LABORATORY FOR : 
RESEARCH ON ANIMAL 
DISEASES 
Nairobi 
Kenya 
Applications are invited from. 
suitably qualified candidates for 1. 
POSTDOCTORAL FELLOW — 
Ref, No. PDF/L3/81/1 
A position is available from January | 
1, 1982 for two years to improve | 
laboracory technology in the study of | 
trypantocidal drugs in witro. 
Applicants must have PAD (or). 
equiva@ent) in Science or Pharrna~ | - 
cology, practical experience M. 
cultivating African trypanosomes) 
and various mammalian cells in vitro |. 
and solid knowledge of organ 


chemistry and be capable to a: 























withoet further training on th 
cultivation of trypanosomes. Th 
successful candidate will work o 
the jeint programme with th 
collaboration of Cell Biolog 
Laboretory ULRAD), Kenya Tr 
panosemiasis Research Centre. 
GTZ-supported Chemotherapy t 
Trypanosomiasis Research Pro- 
ject/ Ministry of Agriculture. This ii 
an international post and the salary i 
will be paid in USS. T 















LLRAD, ‘ees 
P.O. Box 30708, 
NAIROBI. 
Kenya. 


4 (W465) 4 | 


CHIEF PERSONNEL OFNCER, 








N MINISTRY OF FORESTS 


\.. Technical Advisor 
Experimental Designs 


Competition H81:2762A- 189 


$35,460 — $39,840 


in Victoria, collaborate with research scientists and team of 
biometricians to advise on and be responsible for design and 
layout of experiments, statistical analyses and interpretation 
of results; develop innovative experimental techniques to 
accommodate specific field and circumstantial situations, 
supported by corresponding theoretical proof. 


Qualifications ~ BSc in one of applied sciences; MSc and 
preferably PhD in biometrics, or statistics with specialization 
in experimental design; minimum five years progressive 
experience in biometric research; demonstrated knowledge 
of and achievement in experimental design theory and 
application; familiarity with one or more of following: 


multivariate techniques, 


numerical 


taxonomy, non- 


parametric statistics, stochastic processes, probability 
theory, operations research, linear programming, an asset; 
ability to direct and train staff, to communicate effectively, 
and to achieve cooperation of and collaborate with other 
biometricians working in related fields; post-graduate 
training may be credited as experience. 


Return applications 
IMMEDIATELY. 


Positions 
are open to beth 
men and women. | 

Please send resume 
quoting competition number to: 


544 Michigan Street, Victoria, B.C., V8V 153 


THE UNIVERSITY OF 

, LEEDS 

= DEPARTMENT OF MICROBIOLOGY 
RESEARCH FELLOW 


‘Applications are invited for a post of 


“Research Fellow in the above 


- Department, in connection with a 
Medical Research Council project 
grant awarded to Professor D H 
Watson, for work on isolating 
fragments of herpes simplex glyco- 
proteins using monoclonal antibody 
“and biochemical methods, for use in 
fundamental studies of the virus 
antibody interaction and prospectively 
“as serodiagnostic and protective 
“ reagents. The post is available from Ist 


February 1982, or as soon as possible | 


_ thereafter, to 31st October 1983. 


“Applicants should have, or expect 
“to have, a PhD. Applicants with a 
background on methods of protein 


~ tnunological techniques or with 
appropriate virological experience will 
~ be particularly welcome. 

~~ Salary on the IA scale for Research 
cand Analogous Staff (£6,070 — 
= £10,575). 








~~ may Baqnade to Professor D H Watson 
< {Telephdpe 0532-441199). 
Appligation forms and further part- 
 jeularf” may be obtained from the 
C RéMtrar, The University, Leeds LS2 
OFT, quoting reference number 
96/25/D. Applications should be sub- 


mitted as soon as ggssible. 
b (978E DA 


paration and cleavage or in im- | 


wformal enquiries about the post | 





BIOCHEMISTRY — Tenure Track 
Instructor. Applicant should be a 
recent PhD in Biochemistry or Mole- 
cular Biology with active interest in 
research and commitment to 
teaching. Possibility for advance- 
ment. Greek citizenship required. 
Send curriculum vitae and three 
letters of recommendation no later 
than December 31, 1981 to: Head, 
Dept of Biochemistry, University of 
Patras, Patra, Greece. (W478)A 


UNIVERSITY OF LEICESTER 
DEPARTMENT OF BIOCHEMISTRY 
POST-DOCTORAL 
RESEARCH ASSOCIATE 


Applications are invited for an SERC- 
supported, post-doctoral research 
associateship to work with Dr G 
Turnock on the regulation of RNA 
synthesis during the synchronous 
mitotic cycle in Physarum. Experience 
of nucleic acid technique would be an 
advantage. 


The appointment is available from 1 
October 1981 and is tenable for two 
years at a salary within the range for 
Research Associates, £6,070 — £7,290 
dependent upon age and experience. 


Applicants should send a curri- 
culum vitae and the names of two 
referees to Dr G Turnock, Department 
of Biochemistry, University of 
Leicester, Leicester LEI 7RH. Former 
applicants need not apply. 

(9797)A 


BRL 
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BRL (UK) Ltd is a recently formed subsidiary of Bethesda Research Laboratories 
inc. of Maryland, world leaders in the supply of research products for Molecular 
Biology, Immunology and Cell Biology. The new company, which is located in 
pleasant surroundings on the Science Park at Cambridge, has vacancies for the 


TECHNICAL SERVICES MANAGER 


The Technical Services Manager, who will report directly to the Managing 
Director, will be responsible for establishing and maintaining overall supervision of 
a quality control laboratory, and for providing technical liaison with customers. 


following: 


The successful candidate will have a PhD and post doctoral experience in a 
relevant discipline, and a proven ability to communicate freely with the scientific 
community. 


TECHNICAL SALES REPRESENTATIVES 


Sales representatives are required for all parts of the country. Candidates should 
have a degree or similar qualification in Biochemistry, Molecular Biology or 


immunology. 


For all these posts the successful candidates will undertake an initial period of 
training in the United States. Attractive starting salary and bonus schemes are 
offered and a company car will be provided. 

Applications should be addressed to Dr. Frank Roberts, BRL(UK) Ltd., PO 
Box 145, Science Park, Milton Road, Cambridge CB4 4BE, (quoting Ref. 
109N), from whom further information can be obtained. (9788)A 





GEOPHYSICAL FLUID 
DYNAMICIST/PHYSICAL 
OCEANOGRAPHER 


Applications are solicited for a junior 
faculty position in ocean physics or 
dynamics to begin in the academic 
year 1982-83. Areas of interest to the 
Department include analytical, 
numerical and laboratory modeling 
of physical processes and phenomena 
in the sea. 


Yale University is an equal oppor- 
tunity/affirmative action employer 
and encourages women and members 
of minority groups to compete for 
this position. 


Curriculum vitae, publications, 
and the names of three or more 
referees should be sent by 37 
December 1981 to: Robert B Gordon, 
Chairman, Department of Geology 
and Geophysics, PO Box 6666, New 
Haven, CTO6511. (NW 1009)A 


THE UNIVERSITY OF 
LEEDS 
DEPARTMENT OF PHYSICS 
Applications are invited for a post of 
RESEARCH ENGINEER 


in Polymer Physics in the Department 
of Physics for the development of 
processes for high modulus poly- 
ethylene. A good honours degree in 
Physics or Mechanical Engineering 
together with relevant postdoctoral 
experience in Polymer Science or 
Engineering are required. The post is 
available immediately for a fixed 
period of up to two years. 


Salary at an appropriate point 
within the range £6,880 — £8,925 on 
the IA scale for Research and 
Analogous Staff (£6,070 — £10,575), 
according to age, qualifications and 
experience, 


Informal enquiries may be made to 
Professor I M Ward, Department of 
Physics (telephone Leeds 31751 ext 
7118). 


Application forms and further part- 
iculars may be obtained from the 
Registrar, The University, Leeds LS2 
9JT, quoting reference number 
51/18/D. Closing date for appli- 
cations 2nd December 1981. | 

(9783)A 


YALE UNIVERSITY 
DEPARTMENT OF GEOLOGY 
AND GEOPHYSICS 


Applications are solicited for a 
faculty position in solid earth 
geophysics ta begin in the academic 
year 1982-83. Areas of interest to the 
Department include seismology, ex- 
ploration geophysics, mechanical 
and physical properties of rocks and 
minerals, geomagnetism, and tec- 
tonophysics. 


Yale University is an equal oppor- 
tunity/affirmative action employer 
and encourages women and members 
of minority groups to compete for 
this position. 


Curriculum vitae, publications and 
the names of three or more referees 
should be sent by 37 December 1981 
to Robert B Gordon, Chairman, 
Department of Geology and Geophy- 
sics, PO Box 6666, New Haven CT 
06511. (NWILOLDJA 


PLANT BREEDING 
INSTITUTE 
Maris Lane, Trumpington 
Cambridge CB2 2LQ 
POTATO BREEDER 


Applications are invited for the post of 
Potato Breeder in the Forage, Oil and 
Potatoes Department of the Institute. 
The work will be concerned with the 
potato breeding programme, seed 
production, and breeding for 
resistance and tolerance of potato 
cyst-nematodes. 


Appointment will be at Higher 
Scientific Officer (salary £6,530 to 
£8,589 pa) or Senior Scientific Officer 
(salary £8,209 to £10,322 pa). 


Qualifications are a First or Upper 
Second Class honours degree in 
Agriculture, Botany, Agricultural 
Botany or Genetics together with (at 
HSO level) at least two years, and (at 
SSO level) at least four years relevant 
postgraduate experience. Non- 
contributory superannuation scheme. 
Further particulars on request. 


Applications with curriculum vitae, 
together with the names and addresses 
of three referees, should be sent to the 
Establishment Officer by 12 


November 1981. STSOVA 
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UNIVERSITY OF MIAMI 
MARINE SCIENCE 


The University of Miami is searching for a Dean who will serve as the 
Director of its oceanographic and atmospheric Institution which has 86 
full-time faculty, 162 graduate and 305 undergraduate students, and a 
$14 million budget. The main function of this position is to provide 
leadership to a thriving, multidisciplinary community of oceanographic 
researchers and students, including biological, chemical, physical and 
geological oceanographers, ocean engineers, atmospheric scientists 
and specialists in marine affairs. The person who directs this Institution 
will be expected to promote its aims and provide liaison with federal 
agencies as well as private foundations, and to encourage new 
programs to meet the needs of both developed and developing nations, 
especially those of the Caribbean and South America. 


Applications, including a current professional résumé, 
nominations and further information should be sent ot Dr. 
Norman G. Einspruch, Chairman of the RSMAS Dean Search 
Committee, University of Miami, School of Engineering and 
Architecture, PO Box 248294, Coral Gables, Florida 33124. 
Nominations and applications desired by December 15, 1981. 
Position will remain open until filled. 


An Equal Opportunity/ Affirmative Action Employer. (NW013)A 












AUSTRALIA 
Senior J 
Physical Oceanographer 


$A24,951 — $A33,616 p.a. 
CSIRO Marine Laboratories 
Division of Oceanography 
Sydney New South Wales 


CSIRO 


General: CSIRO has a broad charter for research into primary and 7 
secondary industry areas. The Organization has approximately 7,400 F 


employees — 2,700 of whom are research end professional scientists 
— located in Divisions and Sections thorughout Australia. In March 
1981, the CSIRO Division of Fisheries and Oceanography was 
formally separated into a Division of Fisheries Research and a 
Division of Oceanography. These Divisions collectively form the 
CSIRO Marine Laboratories, and are Australia’s principal marine 
laboratories, employing about 200 scientists and support staff. The 











“THE COUNCIL of the Marie Curie 
Memorial Foundation invites 
applications for the appointment of 
Director at its Research Institute at 
Limpsfield Chart, Surrey. Applicants 
should have an established reputation 
in a discipline relevant to cancer 
research and experience in running a 
large research organisation. The 
successful candidate will be expected 
to develop a co-ordinated programme 
of research relevant to the 
Foundation’s present activities and 
which may in due course constitute the 
research component of the Institute of 
Oncology currently. being planned. 
Suitably knowledgeable and ex- 
perienced non-medical scientists as 
well as medically qualified candidates 
will be considered. Salary negotiable. 
Further details may be obtained by 
confidential written enquiry to the 
Secretary of the Foundation, 124 
Sloane Street, London SWIX 9BP”’. 
(9809)A 


DIRECTOR 
BELLAIRS RESEARCH 
INSTITUTE OF McGILL 

UNIVERSITY 


Applications are invited for the 
position of resident Director of the 
Bellairs Research Institute of McGill 
University in Barbados, West Indies. 


Applicants should have a PhD and 


an established interest in tropical 
research. This is a non-tenure track 
appointment, initially for 3 years 
from 1 May, 1982, with salary to be 
negotiated. The institute serves as a 
year-round research station in a 
broad range of disciplines for the 
academic staff and students of 
McGill, the University of the West 
Indies, and other universities. 
Facilities include a seawater system, 
boats and general laboratory and 
field equipment. The Director is 
responsible for the management of 
the Institute and for supervision and 
support of station research and 
teaching projects. 


Send applications and CV, and 
arrange to have three letters of 
reference forwarded, to: Professor 
John B Lewis, Director — Redpath 
Museum, McGill University, 859 
Sherbrooke Street West, Montreal, 
Quebec H3A 2K6, Canada. 


s (NW002)A 
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MANCHESTER AREA 
HEALTH AUTHORITY 
(Teaching) 

Central District 
Saint Mary’s Hospital 
RESEARCH ASSISTANT 
DEPARTMENT OF OBSTETRICS 
AND GYNAECOLOGY 
Applications are invited for this post 
funded by the Regional Health 
Authority and tenable for three 
years. The appointee will study the 
biochemistry and cell biology of 
normal and pathological 
endometrium and chorioamnion and 

may register for a higher degree. 


Applicants should have a good 
honours degree in Biochemistry, Cell 
Biology or a related discipline. Salary 
range £5,285-£7,700 per annum, 
Superannuable. 


Applications, with curriculum 
vitae and names of two referees to Dr 
J D Aplin, Department of Obstetrics 
and Gynaecology, Saint Mary’s 
Hospital, Hathersage Road, 
Manchester, M13 OJH. 

(98I DA 





ASSISTANT PROFESSOR IN 
EUKARYOTIC MOLECULAR 
BIOLOGY 


The Department of Biological 
Sciences will make a tenure-track 
appointment for fall 1982. Candidates 
must have postdoctoral training in 
recombinant DNA technology. 
Appointee is expected to continue a 
productive research program in a 
eukaryotic system and to teach at the 
graduate and undergraduate levels. 
The department contains an active 
group of molecular and cellular 
biologists. Funds provided to initiate 
research. 


Send curriculum vitae, future 
research interests, and names of three 
referees to: Professor Paul S Lovett, 
Department of Biological Science, 
University of Maryland Baltimore 
County (UMBC), Catonsville, 
Maryland 21228. 


UMBC is an Equal Opportunity/ 
Affirmative Action Employer. 
(NW0ISJA 


main laboratory is in Sydney and there are smaller laboratories in 


Brisbane and Perth. 


Depending on Parliamentary approval, the Sydney activities willbe f- 
transferred to new laboratories to be constructed on a deep 
waterfront site in Hobart, Tasmania. The appointee must be T 
prepared to transfer to Hobart at any time after December 1982. The $ 
Australian Government has also agreed to the acquisition by CSIRO 
of a modern oceanographic ship to replace the presently chartered 


“Sprightly”. 


The interests of the Division in physical oceanography include a. 
continental shelf dynamics, mixed layer anc upwelling dynamics, air- F 
sea interaction, ocean circulation and boundary currents, the 
interpretation and application of satellite data, numerical modelling 


and geophysical fluid dynamics. 


Duties: The appointee will take a leading role in the initiation and 
conduct of research within these fields and in relation to existing or 
future programs. On occasions, the appointee may be expected to 
participate in or to lead research vessel cruises. 


Qualifications: A PhD or equivalent qualification in physical 
oceanography, geophysical fluid dynamics or some other relevant 
discipline, and several years of experience and substantial research 


achievement. 


Tenure: Indefinite with superannuation. 


Applications In Duplicate, stating full personal and professional 
details, the names and addresses of at least two professional 
referees, and quoting reference number A2425 should reach: The 
Personnel Officer, Australian Scientific Liaison Office, Australia 
House, Strand, London WC2B 4LA by 30 November 1981. 
Applications in USA and Canada should be sent to: The Counsellor 
Scientific, Embassy of Australia, 1601 Massachusetts Avenue NW, 


Washington D.C. 20036. 


Current vacancies in CSIRO appear on PRESTEL page 252903. 
{ 


goaa f 





UNIVERSITY OF 
SASKATCHEWAN 
CROP DEVELOPMENT 
CENTRE 
TISSUE CULTURE 
RESEARCH 


A Research Scientist-Adjunct 
Professor is required to initiate 
research in tissue culture applications 
to grain crop species. Collaboration 
with plant breeders, geneticists and 
physiologists will be emphasized. 


Salary will be commensurate with 
experience and qualifications. 


Send CV, including citizenship 
Status, and names of three references 
to Dr H M Austenson, Director, Crop 
Development Centre, University of 
Saskatchewan, Saskatoon, Canada 
STNOWO. (NWOI2ZA 


| THE FACULTY OF SCIENCES | 















UNIVERSITY GENEVA 
has two openings at the level of ee 
ASSOCIATE PROFESSOR | 


in 1) Palaeontology (specialisation | — 
in micropalagontology desired). 
2) Zoology (Systematic) and Pasig. | 
eontolegy (Evolution). 

Applications and request fo 


Genéve, 20 quai Ernest Ansermet, | 
CH 1211 Genèv (W474) A 












Scotland 


Chemist/Chemical 


iii 


Marie Laboratory, Aberdeen 
Department of Agriculture and Fisheries for 


| 
Y l 


Oceanographer 


. . . to join a team responsible for chemical aspects of the 
Laboratory's environmental study programme. This involves 
developing and improving analytical methods for trace 
elements in sea water, biota and sediments, and participating 


in survey work in coastal and estuarine waters and in 


experimental studies in artificial marine ecosystems. Some 


research vessel cruises involved. 


Candidates, normally aged under 27, should have a good 
honours degree in chemistry or chemical oceanography. Post- 
graduate research experience in analytical chemistry and a 
knowledge of modern instrumentation would be desirable. 

Appointment as Scientific Officer £5,175 to £6,960 with 
starting salary according to qualifications and experience. 

For further details and an application form (to be returned 






X 


i 
l 
— Scien 


by 20 November 1981) write to Scottish Office, Personnel 

Division, E-PM(PTS)3, Room 208, 16 Waterloo Place, 

Edinburgh EH1 3DN, telephone 031-556 8400 ext 
5088 or 4311. Please quote ref: SA/27/DLC. 


(9808) A 


tificm 
Civil Service MEN 








UNIVERSITY OF BRISTOL 
Immunology Group 
DEPARTMENT OF PATHOLOGY 
POST-DOCTORAL 
IMMUNOLOGIST 


Applications are invited for an MRC 
funded post from January 1982 for 
two years to join a small group 
working on the pathogenesis and 
control of autoimmune reaction with 
reference to rheumatoid arthritis — 
starting salary in the range £6,070 — 
£8,105 pa. 


Applications accompanied by cv 
including names and addresses of two 
referees should be sent to Dr C J 
Elson, Department of Pathology, 
University of Bristol Medical School, 
University Walk, Bristol BS8 1TD 

(9767)A 


POSTDOCTORAL POSITION 


available November, 1981 for a 
candidate with PhD degree in bio- 
chemistry or molecular biology. The 
research involves the molecular 
biology of plasmid DNA replication 
and transfer during bacterial con- 
jugation, using recombinant DNA 
technology and DNA sequencing. 
Salary is $13,000 to $18,000 plus 
some travel expenses. 


Send résumé and three references 
to Dr Donald Guiney, University of 
California, San Diego, University 
Hospital, H811F, 225 Dickinson 
Street, San Diego, CA 92103. 

(NW004)A 


THE WEST OF SCOTLAND AGRICULTURAL COLLEGE 


POST OF 
DEPUTY PRINCIPAL 


Applications are invited for the post of Deputy Principal of The West 
of Scotland Agricultural College which will become vacant on 7th 


January, 1982. 


Candidates should possess a good honours degree in a relevant 

subject and substantial experience of education and/or advisory 

work and/or research and development work. Possession of a 
igher degree will be an advantage. 


appointment will be at the Regional Agricultural Officer grade. 


Memorandum outlining conditions of the appointment 
fnd an application form are obtainable from the Personnel 
Officer, The West of Scotland Agricultural College, 
Auchincruive, Ayr KA6 5HW, with whom applications should 
be lodged not later than Friday 20th November, 1981. 


(9760)A 
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UNIVERSITY 
OF NOTTINGHAM 
School of Agriculture 


DEPARTMENT OF PHYSIOLOGY 
AND ENVIRONMENTAL SCIENCE 


CROP PHYSIOLOGIST/ 
MICROCLIMATOLOGIST 


We have two vacancies in a team 
working on the response of ground- 
nut to weather and soil factors with 
funding from the Overseas Develop- 
ment Administration. Successful 
candidates will have undergraduate 
or post-graduate training in eg plant 
physiology, crop water relations or 
microclimatology. A knowledge of 
computing/modelling is essential for 
one of the posts. 


Salary according to age and quali- 
fications in the Research Assistant 
1A or 1B scales (lowest points £6,070 
and £5,285 pa respectively). 


Further details from and appli- 
cations (including names of two 
referees) to Prof J L Monteith, 
University of Nottingham School of 
Agriculture, Sutton Bonington, 
Loughborough, Leics LE12 SRD 

(9792)A 


UNIVERSITY OF DUNDEE 
RESEARCH ASSISTANT IN 
IMMUNOPHARMACOLOGY 


Applications are invited for the 
above post in the Department of 
Pharmacology and Therapeutics 
within Ninewells Hospital and 
Medical School, University of 
Dundee, to carry out work on the 
influence of the immune and 
endocrine systems on drug handling 
and response. Applicants should 
have a good honours degree in the life 
sciences and ideally have some 
experience in pharmacology and/or 
immunology. 


The post is for 3 years renewable on 
a yearly basis, and is available from | 
January 1982. The successful 
applicant will have the opportunity to 
register for a higher degree. 


Salary will be within the scale 
£5,285 — £6,880, the starting point 
depending on age and qualifications. 
Further particulars are available 
from the Personnel Office, The 
University, Dundee DDI 4HN, 
where applications (3 copies) with 
career details to date and naming 2 
referees should be sent by November 
20th. Please quote ref. EST/56/81J. 

(9785)A 


RESEARCH ASSOCIATE 
Applications are invited for a possible appointment as research associate in 


theoretical 


plasma physics and/ or cosmic-ray physics. 


The successful applicant will be expected to spend a substantial part of his or her 
time working on problems in solar or interplanetary physics. Appointments will 
begin in summer 1982 or later. Applicants should possess a recently acquired PhD in 
a relevant area of physics, astronomy, or planetary science. 


inquiries should be addressed to Prof J R Jokipii or Prof E H Levy, Department of 
Planetary Sciences, Lunar and Planetary Laboratory, University of Arizona, Tucson 
85721. Applications should be accompanied by a résumé, complete bibliography, 
and at least two letters of recommendation from persons who are well acquainted 
with the applicant's background and potential. All material should be received by 
April 1, 1982. An Equal Opportunity, Affirmative Action, Title IX, Section 504 
Employer. 


UNIVERSITY OF GEORGIA 
DIVISION OF 
BIOLOGICAL SCIENCES 
The Division of Biological Sciences 
is recruiting a Molecular Biologist 
whose primary research focus will be 
in higher plant systems. This faculty 
appointment, which is available in 
September, 1982, may be in any 
appropriate Department of the 
Division (e.g. Biochemistry, Botany, 
Genetics, Microbiology). Respon- 
sibilities include developing an 
independent research program and 
teaching at the graduate and under- 
graduate levels and strong inter- 
action with the plant molecular 
biology group. Applicants are 
expected to have postdoctoral 


experience. 
Applicants should forward a cur- 


riculum vitae, reprints, and 
statement of research plan and also 
arrange to have four letters of re- 
commendation sent to: Joe L. Key, 
Chairman Division of Biological 
Sciences, Room 400, Bio. Sci. 
Bidg., University of Georgia, 
Athens, Georgia 30602. 

Screening of applications will begin 
on December 1, 1981, with a closing 
date of January 11, 1982. Applica- 
tions for a similar position advertised 
earlier by our Botany Department 
will be considered for this position 
also. The University of Georgia is an 
Equal Opportunity/ Affirmative 
Action Institution. (NWO16)A 





(NVV006)A 





THE UNIVERSITY OF 
LEEDS 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited for a post of 


RESEARCH FELLOW 


in the Department of Biochemistry, 
to work on the mechanism and 
control of ATP synthesis in 
chloroplasts. This is part of a 
continuing study of the control of 
ATP production and its relation to 
cell metabolism in general. The 
appointment will be made for a fixed 
period of up to two years. 


Applicants should have, or shortly 
expect to receive, a PhD degree in a 
related area. An interest in applica- 
tion of microcomputers to bio- 
chemical studies would be an 
advantage. 


Salary within the range £6,070 — 
£8,515 on the IA scale for Research 
and Analogous Staff according to 
age, qualifications and experience. 


Informal enquiries may be made to 
Dr D A Harris, ment of Bio- 
chemistry (telephone (0532) 31751 ext 
7565). 


Application forms and further 
particulars may be obtained from the 
Registrar, The University, Leeds LS2 
9JT, quoting referehce number 
83/41/D. Closing date for applica- 


tions 30 November | 9778)A 








Natt 


ARVARD UNIVERSITY 
‘ACULTY POSITION 

| in the 
DEPARTMENT OF ASTRONOMY 


The Department of Astronomy at 
Harvard University expects to be able 
to make an appointment to the 
position of Assistant Professor to 
begin in the summer or fall of 1982. 
The Department invites applications 
for this position, which will have a 
term of three to five years. The 
Department wishes to consider 
applications from highly qualified 
persons in any area of astronomy or 
astrophysics, and it particularly 
encourages applicants in the areas of 
theoretical astrophysics, high energy 
astrophysics, optical and infrared 
astronomy, and radio astronomy. 
The successful applicant will be 
rexpected to participate actively in 
teaching activities within the 
Mepastment of Astronomy, and it is 
also expected that he or she will spend 
“a significant fraction of time in 
research activities at the Center for 
Astrophysics. An exceptional 
candidate with greater seniority may 
- be considered for appointment at the 
i Associate Professor level. 


’ “Letters of application should be 
| accompanied by a résumé of 
| experience in teaching and research, a 
"statement of research interests, anda 
bibliography. The applicant should 
“request three astronomers or 
= physicists to write directly to Prof 
: A G W Cameron, Chairman, giving 
g their evaluation of the applicant's 

bilities. Applicants are expected to 
“have received their PhD at least one 
- year before taking up this post. 


“Harvard ‘University is an Equal 
Opportunity Employer with an 
Affirmative Action Program, and it 
encourages applications from women 
-and members of minority groups. 


Send applications to the Depart- 
ment of Astronomy, Harvard Univer- 
sity, 60 Garden Street, Cambridge, 
Massachusetts 02138 for receipt by 
February 1, 1982. 

(NW008)A 















SOLAR RADIO 
ASTRONOMER 


The Astronomy Program of the 
University of Maryland is looking for 
a PhD level person to carry out solar 
radio research at meter-decameter 
wavelengths with the Clark Lake 
facility at Borrego Springs, 
California. The successful candidate 
will work on the fast acquisition and 
reduction of data from the multi- 
frequency radio-heliograph which is 
now operational and producing two- 
dimensional maps of the sun’s outer 
corona. Knowledge of computer 
' programming is essential. Salary is 
dependent upon experience. Appoint- 
ment is for two years initially, with the 
. possibility of renewal, to begin as soon 
as a. suitable candidate i is found. 


“Send résumé and names of three 
references to Dr M R Kundu, Astro- 
nomy Program, University of Mary- 
land, College Park, MD 20742, USA. 
Equal. Opportunity/Affirmative 

_ Action. Emplover. Applications from 
women and members of minorities are 
welcome. (NWOODA 
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ROTHAMSTED 
EXPERIMENTAL STATION 
Harpenden, Herts ALS 2JQ 
SOIL MICROBIOLOGIST 
OR BOTANIST 


with an interest in plant/microbial 
interactions to join a group working 
in the Soil Microbiology Department 
on biological nitrogen fixation. The 
appointment is for 2 years and is 
funded by the ODA. The successful 
applicant will be required to develop 
15,, based methods to estimate Ny- 
fixation by bacteria associated with 
the roots of tropical grasses and 
cereals. Some of the experiments will 
be done at ICRISAT in India and the 
appointee will be expected to spend 
part of his time there. 


Qualifications: Good class 
honours degree and preferably a 
higher degree or equivalent and 
minimum of 2 years post-graduate 
research experience in an appropriate 
discipline. 


Appointment in grade of Higher 
Scientific Officer (£6,530 — £8,589). 
Non-contributory superannuation. 


Apply in writing to the Secretary 
naming two referees and quoting 
Ref. 466 by 19th November 1981. 
Further details on request. 

(979B)A 


UNIVERSITY OF 
CAMBRIDGE 
TECHNICIAN 


to be responsible for Image Analysing 
Computer (QUANTIMET 720) 
together with certain optical micro- 
scope techniques. Background in 
metals, materials research desirable. 
Salary range £5,700 to £6,850. 


Applications to Secretary, Dept 
Metallurgy, Pembroke Street, Cam- 
bridge. Tel: 65151. (9801A 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 


DEPARTMENT OF GEOPHYSICS 
AND PLANETARY PHYSICS 


POSTDOCTORAL 
RESEARCH ASSOCIATE 


Applications are invited for the 
temporary post of Postdoctoral 
Research Associate to work with Dr 
W O'Reilly on the NERC funded 
project “The petrological history of 
magnetic minerals in igneous rocks, 
studied by magnetic methods — the 
chemical basis of palaecomagnetism’’. 
This involves laboratory studies of 
the magnetic properties of rock 
samples and synthetic analogue of 
magnetic minerals, and field work, 
possibly a DSPA cruise. The post is 
available for a period of 19 months 
from the date of appointment. 


Starting salary will be between 
£6,070 and £6,880 in the Range 1A 
salary scale: £6,070 — £10,575 per 
annum, according to age, qualifi- 
cations and experience. 


Applications, together with a 
curriculum vitae giving details of age, 
qualifications and experience and the 
names of three referees, should be 
sent as soon as possible to Dr W 
O’Reilly, School of Physics, 
University of Newcastle upon Tyne 
NEI 7RU. Please quote reference N. 

(Q787)A 













PROTEIN CHEMISTRY DIVISION - 
DIRECTOR 
IMMUNOLOGY/HYBRIDOMA 
RESEARCH SCIENTIST 





Enzo Biochem, Inc., a leader in the field of 
biotechnology, is seeking persons to expand its production 
and research programs. 


Employment at Enzo Biochem provices a uniquely 
challenging and flexible career opportunity for the serious 
investigator. We are a rapidly growing company with 
expanding sales of research products and active involvement 
in R&D projects in recombinant DNA, cekular immunology, 
diagnostics and organic chemistry. The work is to be 
conducted in Enzo Biochem’s spacious, modern facilities in 
the Southwest section of Manhattan known as Soho. Our 
location provides both the excitement of the New York 
lifestyle and easy access to suburban metropolitan areas. 
Applications are invited for the following positions: 


PROTEIN CHEMISTRY DIVISION, DIRECTOR 






| 

Enzo Biochem is interested in hiring an individual who, in | | 
addition to being closely involved in the production of enzyme FE 
research products, can develop new products, colaborate ape 
with R&D groups, and assume overall administrative ; | : 
leadership of the group. A PhD with post-doctoral or | 
comparable experience in protein chemistry is required. | : 


IMMUNOLOGY/HYBRIDOMA, RESEARCH SCIENTIST 


This position is in our cell/immunology group, which is 
involved in the production, purification and assay of various 
lymphokines, interferons and conventional antisera as well as 
in the production of monoclonal antibody products. The 
duties associated with this position will include the production 
and handling of monoclonal antibodies. Applicants should 
hold a PhD or equivalent degree and have direct experience in 
designing and implementing a successful research program. 


Qualified applicants should submit a résumé and 
the names of 3 references to: Director, Personnel 
Department, Enzo Biochem, Inc., 325 Hudson Street, 
New York, NY 10013. (NWOIBIA 


E 
y 





ENLA mr tN ORBAN BA CE REP HARON MSE lm 


YOU'VE GOT A 
BRIGHT IDEA 


FOR NEW BIOLOGICAL OR 
CHEMICAL COMPOUNDS 


WE HAVE THE CAPITAL 
TO DEVELOP NEW DRUGS 


We are not a pharmaceutical firm but a Swiss-based, independant 
financial group which is prepared to let you participate in a capital 
venture for the exploitation of your project. 

Our object: the development of new biological or chemical products 
with previous pharmalogical screening up to the stage of clinical 
tolerance and efficacy required to permit licensing negotiations. 


HAMA a 


To obtain all the information required for initial selection, 
please write in English, French or German tœ 
DEBIOPHARM S.A. Petit-Chéne 38 - 1001 LAUSANNE 
(Switzerland). 


(W368) A" 
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Universiteit van Amsterdam 


At the Institute of Human Genetics of the University of Amsterdam 


exists a vacancy for a 


potentially tenured position 
on the scientific staff 


of this department 


The level of appointment and salary will be determined by the age and 
qualifications of the person appointed (within the range Dfl. 3,141.- to 


DIL. 5,496.- per month. 1 Dfl. approx. = £0.20). 


The Institute is a young department within the Medical Faculty of the 
University and has both teaching and clinical commitments. Current research 
interests centre on mammalian chromosomes, with groups working on 
meiosis and reproductive processes, chromosomes in malignancy and 
chromosome structure, as well as clinical cytogenetics (including prenatal 


diagnosis). 


Our preferred candidate will have active research experience within, or close 
to, these general areas, and will bring some biochemical expertise (either 


protein or nucleic acid) to bear on the problem. 


Either medically or scientifically qualified people would be welcome. 


Applications, numbered 4079, including a brief curriculum vitae and the 
names of two referees, should be sent within three weeks to Prof. M. Bobrow, 
Institute of Human Genetics, Sarphatistraat 217, 1018 BX Amsterdam, 


The Netherlands. Tel. 020 - 522 3649. 





Aan $ arannana $ anmann $ anaaannan  $ p santas 
CORNELL UNIVERSITY 
DIVISION OF 
BIOLOGICAL SCIENCES 


The new Section of Genetics and Development 
seeks three faculty members, to begin after I 
July 1982. 7 

1) A GENETICIST, at either the assistant or 
associate professor level, to share the teaching 
of introductory genetics, Research on the mole- 
cular genetics of higher plants is of special 
interest, but any area of modern genetics will be 
considered. 

2) Two DEVELOPMENTAL BIOLOGISTS 
at the assistant professor level. 

a) A person with research interests in the 
molecular aspects of developmental 
biology, who will teach an undergraduate 
course in that area, and 

b} A person with research interests in the 
developmental biology of invertebrates, 
who will develop an undergraduate course 
in invertebrate biology. 

Successful candidates will be expected to 
maintain active research programs and parti- 
cipate in advanced instruction. Applicants with 
postdoctoral experience are preferred. 
Candidates should send curriculum vitae, a 
statement of research interests, and the names of 
three references. Please arrange to have letters 
of reference sent directly to the appropriate 
Search Committee, along with other materials, 
by 14 December 1981. 

Dr. Stanley Zahler, Genetics Search 
Committee 


or 
Dr. Adrian Srb, Development Search 
Committee 
Section of Genetics and Development 
Bradfield Hall 
Cornell University 
Ithaca, New York 14853 
Cornell University is an Equal Opportunity/ 
Affirmative Action Employer. (NWOI9)A 


——— SK 


W481) A 





UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF VETERINARY 
CLINICAL STUDIES 
‘“Leahurst’, Neston, Wirral 
TECHNICIAN (GRADE 3) 


to assist with a research project into 
aspects of reproductive endo- 
crinology in stallions. Candidates 
must possess O.N.C. or equivalent as 
minimum qualification, 


Experience of biochemistry and or 
radioimmunassay and or 
histochemistry preferred. 


Initial salary £4672 per annum. 
This post is tenable for 12 months but 
an extension is possible. 


Application forms can be obtained 
from the Registrar, The University, 
P.O. Box 147, Liverpool, L69 3BX. 
Quote Ref. RV/894/N 


(9813)A 





HIGH ALTITUDE 
OBSERVATORY 


Visitor Appointments at the High 
Altitude Observatory are available 
for new and established PhD’s for 
up to one year periods to carry out 
research in solar physics, solar- 
terrestrial physics, and related sub- 
jects. Applicants should provide a 
curriculum vitae including educa- 
tion, work experience, publica- 
tions, the names of three scientists 
familiar with their work, and a 
statement of their research plans. 

Applications must be received by 
15 January 1982, and they should 
be sent to: Visitor Committee, High 
Altitude Observatory, National 
Center for Atmospheric Research 
(NCAR), PO Box 3000, Boulder, 
Colorado 80307. NCAR is an Equal 
Opportunity/Affirmative Action 
Employer. INWS931)A 



























UNIVERSITY OF 
GLASGOW 


DEPARTMENT OF 
ELECTRONICS AND 
ELECTRICAL ENGINEERING 


RESEARCH 
APPOINTMENTS (pi 


Applications are invited from 
persons with at least three years 
postgraduate research experience 
for two S.E.R.C. funded posts, one 
in the area of Integrated Optics 
{post 1) and the other concerned 
with the growth of H-V 
Semiconductors by Molecular 
Beam Epitaxy (post 2). Successful 
applicants will join a large and 
established research group with 
excellent support facilities. 

Starting salaries are up to £9,335 
(post 7) and £8,015 (post 2) on the 
grade 1A scale for research staff 
Posts are tenable immediately, fc 
up to 4 years {post 1) and 3 years 
{post 2}, and registration for a- 
higher degree may be possibleor 
suitably qualified persons. Further. 
particulars may be obtained from | 
Professor Lamb, Department of. 
Electronics and Electrical: 
Engineering, University o 
Glasgow, Glasgow G12 800 to 
whom applications (2 copies) 
should be sent giving the names 
and addresses of at least two 
referees. 

In reply please quote Ref. No. | 


(9812) A | 


| WANT TO LIVE | 
IN THE U.S.A.? | 


American agency | 
provides help. 
For free information write 
the U.K. address. 


The Transatlantic Agency 
IN) 33 Great James Street, 
London WC1. 
Enclose SAE please. 
(9536)A 





A position is offered immediately, or 
as soon as possible thereafter, at the 


VETERINARY INSTITUTE 
Hanover 


to lead a group working on veterinary 
immunology. Salary will be 
according to a German BAT la 
position. 


This is an established, fully- 
equipped working group at present 
consisting of three members 
(planning posts) which is being 
sponsored within the framework of 
the Special Research Project 54. 
Apart from participating in the 
special research project, there will be 
research into clinical immunology 
applicable to domestic animals. 


We are looking for a veterinary 
surgeon, doctor or biologist with 
several years experience in immuno- 
logy, especially in the field of cellular 
immunology. 

Applications with the usual 
documents (CV, list of publications 
including special papers, copies of 
academic qualification certificates) 
should be submitted, by 15 December 
1981 to Rektor der Yierarztlichen 
Hochschule Hannover, * Bischofsholer 
Damm 15, 3000 Hannover 1. (W479)A 


a 







re Vol. 293 29 October 1981 


DORSET AREA HEALTH AUTHORITY 
EAST DORSET HEALTH CARE DISTRICT 


BIOCHEMISTRY 


Vacancies exist for Medical Laboratory Scientific Officers in the 
Biochemistry Department of the East Dorset Health Care District 
Laboratories with duties divided between laboratories at Royal 


Victoria Hospital, 
Hospital, Poole. 


Boscombe: Bournemouth and Poole General 


The department is well equipped in the fields of automation, 
computing isotopes and wide range of manual tests. Facilities for 
further study in pursuance of the career of M.L.S.O., are available 
and staff are encouraged to undertake further training. Applicants 
for the post should be experienced in hospital laboratory work 


particularly in Biochemistry. 


Conditions of Service are as laid down by the General Whitley 





Council and the Whitley Council PTB/A. 
Applteation forms and job description are available from Miss M 


Smith, Staff Appointments Officer, Royal Victoria Hospital, Shelley 
“road, Boscombe, Bournemouth. Completed applications to be 
received within 14 days of the appearance of the advertisement. 
Further details or arrangements for visits to Dr J H Johnstone, 
Consultant Biochemist, or M A Garrett, Senior Chief M.L.S.0., at 
Royal Victoria Hospital, Shelley Road, Boscombe, Bournemouth. 


a Telephone Bournemouth 35201 ext. 352. 


(9814)A 


THE DEPARTMENT OF MOLECULAR, CELLULAR and 
DEVELOPMENTAL BIOLOGY of the 
UNIVERSITY OF COLORADO (Boulder) 
seeks new JUNIOR LEVEL FACULTY 


to fill positions beginning September 1982. Applicants should have 
proven.ability for superior research and teaching in molecular, cellular, 
or developmental biology. Salary competitive and negotiable 


depending on experience. 


i Send CV, bibliography, and the names and addresses of three re- 
“| ferences to The Search Committee, Department of MCD Biology, 
l Campus Box 347, University of Colorado, Boulder, CO, 80309. Closing 

date for applications is December 15, 1981. The University of Colorado 


isan Equal Opportunity/ Affirmative Action Employer. 


The Queen's University 
of Belfast 
RESEARCH ASSISTANT 
Department of Applied 
Mathematics and 
Theoretical Physics 

Applications are invited for a 
Research Assistant post funded by 
the Science and Engineering Re- 
search Council to work on the 
calculation of atomic and molecular 
data for use in astrophysics and laser 
physics. The post is tenable for two 
years from 1 January 1982. 

in the research, extensive use will be 
made of the CRAY-1 computer, at 
the SERC Daresbury Laboratory, 
accessed via a link in the Department 
of Applied Mathematics and 
Theoretical Physics. 

Candidates must have a good 
honours degree and experience in 
the use of computers in research. A 
knowledge of atomic and molecular 
physics or astrophysics would be an 
advantage. 

{Commencing salary for post- 
doctoral candidates will be in the 
range: £6,072 — £6,882 per annum. 

| Curriculum vitae, giving the names 
and addresses of two referees 
should be sent ot the Personnel 

. | Officer, the Queen's University of 
$ Belfast, BT7,1NN, Northern Ireland. 
a Closing date: 16 November 1981. 
A Teee quois Ref, 81/N). (9777}A 


(NWOO05}A 


THE INSTITUTE FOR 
ADVANCED STUDY 


will have several openings for 
members in theoretical physics and 
astrophysics for the academic year 
1982-83. The positions are at a post- 
doctoral or higher level and appli- 
cants will be selected on the basis of 
their ability to do research in the areas 
of elementary particles, mathe- 
matical physics, astro-physics, 
plasma physics, general relativity and 
statistical mechanics. Preference is 
given to candidates who have 
received their PhD within the last 
year or two. 


Postdoctoral members frequently 
collaborate with each other, with 
faculty members at the Institute or 
Princeton University, and with 
researchers at other institutions. 


Appointments ae usually for no 
more than two years and support is 
typically full salary for postdoctorals 
and half salary for more senior 
persons. Women and minorities are 
encouraged to apply. 


For more information write to Ms 
Valerie Nowak, Administrative 
Officer, School of Natural Science, 
The Institute for Advanced Study, 
Princeton, New Jersey 08540. 
Applications should be received by 
December 15,1981. (NWIOO6)A 


CSIRO 


Physicist/ ~ 






AUSTRALI. 


Physical Chemist 


$A19,662 — $A28,564 pa 
Physical Technology Unit 


Ryde 


New South Wales 


Field: Nuclear Magnetic Resonance Studies of Fossi Fuel 


Materials. 


General: CSIRO has a broad charter for research into primary and 
secondary industry areas. The Organization has approximately 7,500 
employees — 2,700 of whom are research and professional scientists 
-~ located in Divisions and Sections throughout Australia. The Unit 
is engaged in the development and use of NMR techniques for the 
study of fossil fuels and their conversion processes, and is equipped 
with a flexible high power NMR facility based on two electro- a. 
magnets. Present activities include both the design and construction. 9. 
of specialised NMR equipment and a range of NMR investigations of g. 


fossil fuel materials. 


Duties: To make a substantial contribution to research in the 


following areas: 


1. dynamic studies of fossil fuels under the high temperature/high 
pressure conditions relating to pyrolysis and hydrogenation, 


2. the interaction of solvents and gases with coals, chars and other 


materials, and 


3. the interaction of water and coals, oil shales and spent oil-shale 


materials. 


Qualifications: A PhD degree or its equivalent in physics or 
physical chemistry with a proven expertise in both NMR theory and 
experimental techniques. Experience in the study of complex natura! 
materials, particularly carbonaceous and/or hydrated materials, wii 


be an advantage. 


Applications IN DUPLICATE, stating full personal and 
professional details, the names and addresses of at least two 
professional referees, and quoting reference number A4649 should 
reach: The Personnel Officer, Australian Scientific Liaison Office, 
Australia House, Strand, London WC2B 4LA by 30 November 1981, 
Applications in USA and Canada should be sent to: The Counsellor 
Scientific, Embassy of Australia, 1601 Massachusetts Avenue NW, 


Washington D.C. 20036. 


Current vacancies in CSIRO appear on PRESTEL page 252903 
{ 


MONASH UNIVERSITY 


DEPARTMENT OF MATERIALS 
ENGINEERING 


CONTINUING LECTURER 


Applications are invited from well- 
qualified candidates for a position in 
Physical Metallurgy. Experience in 
transmission electron microscopy and 
its application to the study of ferrous 
alloys is preferred. The Department 
offers a 4 year course in Materials 
Engineering and has an established 
research school well equipped for 
studies in the fields of metais, 
polymers and ceramics. Liaison with 
industry is encouraged. Salary: 
$A19,821 $A26,037 pa. Super- 
annuation, Outside Studies Program- 
mes, travel and removal expenses, 
temporary housing assistance. 
Enquiries to Professor I J Polmear, 
Chairman. 

Application including Ref no 
25312, curriculum vitae and 3 referees 
to the Registrar, Monash University, 
Clayton, Vic 3168, Australia and a 
copy to the Association of Common- 
wealth Universities (Appts), 36 
Gordon Square, London WCIH OPF 
by /4/12/81, from whom further 
particulars are obtainable. 

(9803)A 


| 


S805) A 


UNIVERSITY 
OF CAMBRIDGE 
School of Clinical Medicine 


DEPARTMENT OF SURGERY 


SENIOR MEDICAL 
LABORATORY TECHNICIAN — 


Required to supervise research. 
laboratories and assist in surgical 

procedures in transplantation of | 
organs in man. This work involves © 


| studies of organ preservation, using ` 


in vitro models to develop methods — 
that can be applied to intact organs, .. 
Training in specific procedures will 
be given. 


Applicants should have 10 year 
experience in the surgical am 
laboratory fields, 


Salary £6,560 — £7,911 per. 
annum, according to age, qualifi~ ’ 
cations and experience, 5 day yt 
33 days annual holiday, ine j 
bank holidays. i 


Applications in writing, i krii 
names of two referees, to: 
Smith, Principal Assis a 
Department of Surgery, Levei 9, New 
| Addenbrooke’s Hospital, Hills 
Road, CambridgegaiB2 200 (9 TENA 
























A PLANTTISSUE CULTURE | 


i 


+ 


PFYYTOGEN, a leading genetic engineering company applying 
molecular biology and plant tissue culture techniques for the 
improvement of agriculturally important crops, has an 
immediate opening at the level of SENIOR SCIENTIST in the 
area of PLANT TISSUE CULTURE. Duties will include the 
supervision of projects involving protoplast culture and 
regeneration. The successful candidate will have demonstrated 
| the ability to conduct creative, independant research. A 
minimum of two years postdoctoral experience is required. 
PHYTOGEN is located in Southern California and offers a 
stimulating working environment. Applications 
accompanied by a curriculum vitae and a list of 
publications should be sent to: 
PHYTOGEN, 101 Waverly Drive, 
Pasadena, California 91105. 


(NWO03) A 










UNIVERSITY OF CAPE TOWN 


CHAIR IN ANALYTICAL SCIENCE 


Applications are invited for the above post which will be vacant from 
1 January 1983. 

Preference will be given to a candidate who is actively engaged in 
original research in some branch of Analytical Science and has a 
genuine interest in teaching this subject. Relevant experience outside a 
university will be a recommendation. 

Appointment, depending on qualifications and experience, will be 
made on the salary scale R20,040 -- R20,850 x 900 — R26,250 per 
annum. Staff benefits include a 75% rebate of tuition fees for 
dependants at UCT, generous study leave privileges, an annual bonus 
of nearly one month’s salary, a housing subsidy scheme subject to 
government regulations, pension fund, medical aid and group life 
assurance. 

Applicants should submit a curriculum vitae stating present salary, 
research interests and publications, the date duty could be assumed (if 
this is later than 1 January 1983) and the names and addresses of three 
referees. 

Further information should be obtained from the Registrar, (attention: 
Appointments Office), University of Cape Town, Rondebosch, 7700, 
South Africa, by whom applications (quoting ref. no. AC/ 10) must be 
received not later than January 15 1982. 


A 


Amera m e ft ORRIN tnt ated EBAY AEA i e Yet 


The University’s policy is not to discriminate in the appointment of staff E | 


on the grounds of sex, race or religion. Further information an the 
implementation of this policy is obtainable from the Registrar. 


risa tas nasnsisas aannaaien naer vPro ante 


AWARDS 


THE COELIAC TRUST 
Applications are invited for 


RESEARCH AWARDS 


in coeliac disease. The Awards will be available for a period 
of up to two years at a recognised centre in the United 
Kingdom and total funds available will be not greater than 


13,000 per annum per award. 


tails of qualifications, past experience, and support 
equested (5 copies required), together with the names of 
two referees, to The Secretary, The Coeliac Trust, PO Box 
181, London NW2 2QY, by 23rd November, 1918. 
{(9815)N 


(W46 








amines 
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ASSISTANTSHIPS 
UNIVERSITY OF UNIVERSITY 
CAMBRIDGE OF GLASGOW 
DEPARTMENT OF BOTANY DEPARTMENT OF + 
RESEARCH IN GENETICS CHEMISTRY i 
POSTDOCTORAL 4 


Applications are invited for a post- 
doctoral research assistantship to 
study aspects of genetic recombina- 
tion using fungal spore colour 
mutants. The appointment is 
supported by the SERC and is for 2 
years and 8 months. Starting salary 
not less than £6,070 per annum, 


Apply to Dr H L K Whitehouse, 
Botany School, Downing Street, 
Cambridge CB? 3EA, giving the 
names of two referees. (9780P 


UNIVERSITY OF 
EDINBURGH 
DEPARTMENT OF CHEMISTRY 
POSTDOCTORAL 
RESEARCH 
ASSISTANTSHIPS IN 
BIO-ORGANIC CHEMISTRY 
AND IN ENZYMOLOGY 


Synthetic organic chemists and enzy- 
mologists are invited to apply for 
postdoctoral research assistantships 
in the areas of biosynthesis and 
enzyme mechanisms studied by direct 
uC, 2H and +H NMR. The topics 
include (a) The synthesis of 
isotopically enriched chiral 
substrates and (b) Their 
transformation by enzyme catalysed 
reactions. For post (a) candidates 
should have training in synthetic 
chemistry and spectroscopy and for 
post (b) experience in the purification 
of enzymes from plant and bacterial 
sources will be required. Salary in the 
range £6,070 —- £6,880 for post (a) 
and £6,070 — £7,700 for post (b). 


Applicants should send a curri- 
culum vitae and the names of two 
referees to professor A I Scott, 
Department of Chemistry, Univer- 
sity of Edinburgh, West Mains Road, 
Edinburgh EH9 3]3. Please quote 
reference No 5060. (9799)P 





UNIVERSITY OF GLASGOW 
DEPARTMENT OF CHEMISTRY 
POSTDOCTORAL 
RESEARCH 
ASSISTANTSHIP IN 
ORGANIC CHEMISTRY 


Applications are invited for a Post- 
doctoral Research Assistantship, sup- 
ported by the Ministry of Agriculture, 
Fisheries and Food, to explore 
synthetic routes to vomitoxin, an 
important 12,13-epoxytrichothecene 
mycotoxin, with the ultimate objective 
of preparing |*C-labelled vomitoxin, 
Applicants should have interest and 
experience in synthetic organic 
chemistry. 


The appointment will be available 
from ist November, 1981, for one 
year in the first instance, at a salary of 
up to £6,880 (Range LA, Research and 
Analogous Staff scales) with USS 
benefits. 


Applications with curriculum vitae 
and the names of two referees should 
be sent as soon as possible to Dr 
E W Colvin, Chemistry Department, 
University of Glasgow, Glasgow 
G12 8QQ. 

In reply please quote 
4866M. 


Ref No 
(9800)P 


| 
| 
| 
| 
| 
| 


Glasgow GIIXW. 
____STUDENTSHIPS 


RESEARCH ASSISTA NJE Gl” 
Applications are invited*for the 
above SRC funded post directed 
towards exploring new strategies in 
the design and synthesis of chiral and 
achiral inclusion compounds. The 
post, which is available immediately 
and is for one year, will appeal to 
synthetic organic chemists. The 
Department has excellent and wide- 
ranging research facilities. Salary will 
be within Range 1A of the scales for 
Research and Analogous Staff 
(£6,070 to £6,880) with placement 
depending on age and experience. 


Curriculum vitae, liy of 
publications, and the eames of two 
referees should be sent -soon as 
possible to Dr D D Mathie, 
Department of Chemistry, 
University of Glasgow, Glasgow G12 
8QQ. 

In reply please quote Ref No 
4867M (9807)P 


UNIVERSITY OF 
STRATHCLYDE 
Applications are invited for a 
RESEARCH 
ASSISTANTSHIP 
in the 
DEPARTMENT OF BIOLOGY 


to work on a project in the control of 
hracken by fungal plant pathogens 
funded by the Agricultural Research 
Council. Candidates should have a 
good honours degree in Botany or 
Biology preferably with experience in 
fungal plant pathology. 


Appointment will be for a period 
of two years and will be on Range IB 
of the national salary structure for 
research and analogous staff. Com- 
mencing salary will be on the scale 
£5,285 — £6,070 per annum with 
placing according to age, qualifica- 
tions and experience. USS benefit. 


Applications including curriculum 
vitae and the names of two referees 
(quoting R25/81) to Dr M N Burge, 
Department of Biology, University 
of Strathclyde, Todd Centre, 
(9779)P 


UNIVERSITY OF EXETER 
DEPARTMENT OF PHYSICS 
RESEARCH STUDENTSHIP 
IN THE MEDICAL 
PHYSICS GROUP 


The successful candidate will be 

expected to work on airflow studies in 

models of the naso-pharynx and oral 

cavity to elucidate effects related to 

tongue properties and velo-' 
pharyngeal closure. Candidates 

should have a good degree in Physics 

or Engineering and would be 

expected to register for an MSc. 


Applications, giving full details of 
qualifications and names of two 
referees should be sent to Dr F C. 
Flack, Department of Physics, 
University of Exeter, Exeter, Devon” 
from whom further details can be 


| obtained. Tel (0392) 77911 ext O71. 


(9802)F 
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FELLOWSHIPS 


The Wellcome Trust 
‘Travelling Research Fellowships 


to Europe 1982-83 


Applications are invited from post-doctoral research 
workers for the award of Wellcome-European Research 
Fellowships for 1982-83. These awards include the 
Trustees’ special fellowships to Denmark, Norway, 
Sweden, Finland and Hungary. 


The object of these fellowships is to encourage working 
visits to countries in Western and Eastern Europe by 
investigators in any branches of the natural and clinical 


sciences which have a bearing upon human or animal 
| medicine. Candidates whose research is related to 









POSTDOCTORAL 
FELLOWSHIPS 


Postdoctoral fellowships are avail- 
able in the Department of Molecular 
Biology and Biochemistry at the 
University’ of California, Irvine. 
These fellowships are for 1 or 2 years 
under the sponsorship of the follow- 
ing faculty members: R Davis: 
biochemical genetics of Neurospora; 
G A Granger: cell and molecular 
mechanisms operative in cellular im- 
munity; B A Hamkalo eukaryotic 
chromosome structure and function; 
H Y Fan: animal! virology nucleic acid 
‘studies in murine leukemia viruses; 
B Levy-Wilson: structure of transcrip- 
tionally active chromatin in higher 
cells; J E Manning gene sequence 
organization in eukaryote DNA, 
electron microscopy; B J McCarthy: 
Biochemistry and genetics of develop- 
ment, biochemical evaluation; W D 
Nunn: regulation of membrane lipid 
metabolism, genetic approches; W M 
Stanley, Jr: protein biosynthesis in 
eukaryotic cells; K K Tewari: nucleic 
acids of chloroplasts and other 
organelles; E K Wagner: nucleic acids 
and molecular biology of herpesvirus 
: replication; R C Warner: mechanism 
of genetic recombination; and C A 
_.Woolfold: general microbiology, 
enzymology : 

For further information contact or 
rite to: Yvonne King, The Depart- 
anent of Molecular Biology and Bio- 
emistry, University of California, 
vine, California 92717. The 
niversity of ‘California is an Equal 
pportunity Affirmative Action 
employer ~ -~ (NW003)E 


- 












clinical problems will be given preference. These 
fellowships, which are normally for one year, are 
intended for post-doctoral research workers (male or 
female), who have been engaged in research in British 
Universities or Institutes in the UK and Ireland for at least 


FELLOWSHIPS 
THE ANIMAL VIRUS 
RESEARCH INSTITUTE 
BIOLOGIST/BIOCHEMIST 
TO WORK IN VIRUS 
GENETICS 


Applications are invited for a three 
year fellowship in aphthovirus 
genetics funded by The Wellcome 
Foundation Ltd. The department 
(made up of virologists and 
biochemists) is involved in several 
different aspects of aphthovirus 
genetics (Head of Department: Dr D 
McCahon)}, The successful applicant 
will work primarily on the biological 
side, in particular, the application of 
genetic recombination to the analysis 
of those biological functions of the 
virus that can be defined 
biochemically. The Institute has good 
facilities and technical support for all 
types of biological, biochemical and 
recombinant DNA research. 


Candidates should possess a PhD in 
a biological science (preferably viro- 
logy) with some training in bio- 
chemistry and at least an interest in 
virus or molecular genetics. The post is 
in the Higher Scientific Officer range 
£6,530 — £8,589. 


Application forms and further part- 
iculars from Secretary, Animal! Virus 
Research Institute, Pirbright, 
Woking, Surrey GU24 ONF. Tel: 
Worplesdon 232441 during office 
hours. Closing date for returned 
applications, 30 November. 

(98 1D)E 


the past two years. Supends according to age and 
experience, are within the range of £6,475-£11,000 pa. A 
special cost of living allowance applicable ta the country 
in which the candidate wishes to work is given where 
necessary. Travelling and some incidental expenses are 


also provided. 


In addition, special arrangements can be made to 
support short visits of up to three months te Denmark, 
Norway and Finland for Scientists who hold a tenured 





academic post in the UK and Ireland. 


The candidate must make his own arrangements with 
the department in which he proposes to work, and 
written evidence must be submitted confirming these 


arrangements. 


FRIEDRICH MIESCHER- 
INSTITUT BASEL 
POSTDOCTORAL 

FELLOWSHIPS 


for work towards cereal protoplast 


culture, either using established 
embryogenic cultures of the main 
cereals or examining cereal/pathogen 
interactions. 

Send CV with list of publications to 
Dr I Potrykus, Friedrich Miescher- 
Institut, PO Box 273, CH-4002 
Basel, Switzerland. (W476)E 


UNIVERSITY 
OF BIRMINGHAM 


Faculty of Medicine 
and Dentistry 


DEPARTMENT OF 
PHYSIOLOGY 


RESEARCH ASSOCIATE/ 
FELLOW 


Applications invited for this three 
year MRC funded post, to work on a 
project applying neuropharma- 
cological techniques to a study of the 
functional organisation of the visual 
cortex. Preference will be given to 
candidates with background 
experience in. cither visual neuro- 
physiology or neuropharmacology 
although candidates with an 
adequate backing in neurophysiology 
will be considered. 

Salary in the range £5,285 — 
£6,880 (with superannuation) 
according to qualifications, age and 
experience. Starting date negotiable. 

Further information from Dr AM 
Sillito, Physiology. 

Applications (three copies) with 


curriculum vitae and the names of 


two referees to Assistant Registrar, 

Medical School, Birmingham B15 

2TJ. Quote ref: RA/Phys/681. 
(9793)E 


Application forms may be obtained from the Grants Section, The Wellcome Trust, 
1 Park Square West, London NW1 4LJ. Completed forms must be returned by 31st December 1981. 
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OXFORD 
BRASENOSE COLLEGE 
JUNIOR RESEARCH 
FELLOWSHIP 


The College invites applications from 
graduates of either sex for a Junior 
Research Fellowship in the Natural 
Sciences or Mathematics tenable 
from 1 October 1982. Candidates 
must have qualified for their first. 
degree not more than seven years: ae 
before that date. : 


Further particulars may be 
obtained from the Principal, 
Brasenose College, Oxford OX? 
4AJ, to whom applications should be 
submitted by 21 November 1981. 

(STR DE 


UNIVERSITY 
OF ABERDEEN 
DEPARTMENT OF 
CHEMISTRY 
POST-DOCTORAL 
RESEARCH FELLOWSHIP 
(Re-Advertisernent) 
Applications are invited for an SRC. 
funded Postdoctoral Research 
Fellowship concerned with the 
decomposition of alkoxy radicals in 
relation to fundamental aspects of 
unimolecular reactions and atmo- 
spheric chemistry using photolytic 
techniques. The post is tenable for 
one year working with Dr L Batt. 


Salary within Range 1A, £6,076 
£7,290 per annum, with appropria ate 
placing. 


Further details from The 
Secretary, The University, Abérdeen 
with whom applications {2 cor 
should be lodged by 20 Nove 
1981. GOE 


continued on page fi 




















announces 


A 
TWO DAY 
INTERNATIONAL 
CONFERENCE 













. 


and other 


IMMUNE MODULATORS 


November 16-17, 1981 
Hilton International Düsseldorf 
Düsseldorf, West Germany 








Nov 30-Dec 1, 1981 
The Drake 
Chicago, Illinois 


“> ROBERT S. FIRST, INC. 


707 Westchester Avenue 
White Plains, N.Y. 10604 
(914) 949-4248 
Telex: 131414 


Avenue Marnix, 19a 
1050 Brussels, Belgium 
(02) 512 50 63 

Telex: 22859 


No 2 Kiuchi Bidg., 3rd Floor 
1-4-3 Higashi Azabu 
Minato-ku, Tokyo 106, Japan 
(03) 585 7619 

Telex (781) 242 3789 


(NWO014)C _ 
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FELLOWSHIPS 


THE BRITISH COLUMBIA 
TERRY FOX TRAINING 
CENTRE 
announces initiation of a 
FELLOWSHIP PROGRAM 
for outstanding 


MDs or PhDs 
seeking further training in laboratory 
or clinical aspects of modern cancer 
research. Preference will be given to 
Canadian citizens or Landed 
Immigrants. Duration of support will 
be from one to three years depending 
on previous training and goals. The 
Program will support a maximum of 
four trainees at any given time. 
Research projects are available in: 
Hematology, cytogenetics, tumor 
immunology, virology, molecular 
biology, endocrinology, chemo- 
therapy, radiobiology, epidemiology, 
and environmental carcinogenesis. 
MDs may also proceed toward a PhD 
in Experimental Pathology, Genetics, 
Microbiology, or Biophysics. Yearly 
stpend for 1982: approximately 
$20,000 plus $1,500 for each year post- 
MD or $1,200 for each year post-PhD. 
Applications must be received by 
May Ist and December Ist of each year 
(starting December Ist, 1981), and 
e Skguid be sent with curriculum vitae 
and three references to: Allen C Eaves, 
MD, PhD, Co-Ordinator, Terry Fox 
-J Training Centre, BC Cancer Research 
Centre 4nd Cancer Control Agency of 
» 601 West 10th Avenue, 
Vancouver, BC Canada V5Z 1L3. 
: (NW010)E 
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AARHUS UNIVERSITY 

In connection with a project at the 
Department of Chemistry, Aarhus 
University, Denmark, entitled: 
“Structural investigations of com- 
ponents involved in the biosynthesis 
of proteins’’ supported by the Danish 
Natural Science Research Council, a 
research fellowship will be available, 
Starting on February 1, 1982, or as 
soon as possible thereafter. 

The research fellowship is for one 
year with a possibility of a two year 
extension. The work to be carried out 
by the research fellow will deal 
mainly with the crystallization of 
proteins involved in the protein 
biosynthesis and the subsequent 
X-ray crystallographic investigation 
and structural determination. Both 
the desire for and capability of 
experimental work is required. Even 
though Danish applicants with a crys- 
tallographic background will be 
preferred, all interested candidates 
with a physical/chemical/bio- 
chemical background are invited to 
apply. 

Applications with Curriculum 
vitae, abstract of the applicant’s 
recent research activities and 
publications should be sent to the 
Division of Biostructural Chemistry, 
Chemistry Department, Langelands- 
gade 140, 8000 Aarhus C, Denmark, 
by December 31, 1981. Further 
information can be obtained from 
Jens Nyborg, Troels la Cour or Brian 
Clark at the above address. 

Salary according to the agreement 
between the research fellow’s union 
and the Ministry of Finance. 

(W475)E 
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Swiss Federal Institute of Technology (ETH) 


INSTITUTE FOR CELL BIOLOGY 





ZURICH — SWITZERLAND 


POSTDOCTORAL RESEARGR: 
FELLOW, — 


Applications are invited for a research fellowship starting in spring or early 
summer 1982 to work on chromatin structure, transcription or replication. 
Candidates should have a strong background in molecular genetics. Salary 
will be according to experience and qualifications in the range of Sfr. 45,000 


to 50,000 per year. 
Curriculum vitae should be sent to 


(W480)E 


Prof. Dr. Th Koller 

Institute for Cell Biology 
ETH-Héinggerberg 

CH-8093 Ziirich, Switzerland. 


ad 
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UNIVERSITY OF LONDON 
THE SCHOOL OF PHARMACY 
POSTDOCTORAL 
FELLOWSHIP 
PHARMACOLOGY 


Applications are invited for a 
research fellow sponsored by the 
British Retinitis Pigmentosa Society 
to work on the role of taurine in 
retinal degeneration. 


The appointment is for three years 
and is available immediately. The 
Salary range will be £6,880 — £8,505 
+ LW of £967. 


Applications, including a curri- 
culum vitae and the names of two 
academic referees should be sent to: 
Personne! Officer, The School of 
Pharmacy, 29/39 Burnswick Square, 
London WCIN 1AX. Informal en- 
quiries may be made by telephone to 
Dr M J Neal, (01-837 7651 ext 24). 

(9796)E 


UNIVERSITY OF 
BIRMINGHAM 
DEPARTMENT OF MICROBIOLOGY 
RESEARCH FELLOWSHIP 


Applications invited for this post for 
MRC-funded project on molecular 
basis for differential replication of 
virulent and attenuated influenza 
viruses at pyrezial temperatures. 
Candidates with experience in 
molecular virological techniques 
particularly welcome to apply. 


Post tenable from 1 January, 1982 
for 2 years 9 months. Salary on the 
Research Fellow 1A scale £6,070 — 
£10,575 plus superannuation. 
Maximum starting salary £8,105. 


Further particulars from Assistant 
Registrar, (Sci & Eng), PO Box 363, 
Birmingham B15 2TT to whom 
applications (three copies) including 
full curriculum vitae and naming 
three referees should be sent by 
Wednesday, 18 November, 1981. 


Please quote ref: NM6. 
(9784)E 


UNIVERSITY OF 
MANITOBA 
MRC GROUP FOR 
ALLERGY RESEARCH 
RESEARCH POSITIONS 
IN IMMUNOLOGY 


Research studentships, assistantships 
and postdoctoral fellowships available 
in areas related to regulation of the 
immune response, immunochemistry 
and membrane phenomenology. 


Applicants should have a back- 
ground in immunology and/or related 
discipline(s). Appointments normally 
for a minimum of 2 years. 


Please send cv and have letters of 
three referees sent directly to Dr A 
Sehon, Head, Department of Im- 
munology, Faculty of Medicine, 
University of Manitoba, Winnipeg, 
Manitoba, Canada R3E OW3., 

(NW947)E 


STUDENTSHIPS 


UNIVERSITY 
OF NOTTINGHAM 


DEPARTMENT OF 
THERAPEUTICS 
SRC/CASE AWARD IN 
GASTROENTEROLOGY 
Applications are invited for a 
graduate studentship, sponsored by 
the Science Research Council and 
The Boots Company Ltd to study the 
role of interfacial resistance and the 
influence of drugs on the dissolution 

of cholesterol gallstones. 


Applicants should have an interest 4 
in Biochemistry and Biophysics and a 
first or upper second class honours 
degree. 


Applications, together with names 
of two referees, should be sent to: Dr 
G D Bell, Department of 
Therapeutics, University of 
Nottingham, City Hospital, 
Nottingham NGS IPB. Tel: (0602 
603268 tI (9790)F 
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/ The Molecu ap Biology o 
ùne Yeast Saccharomyces 


>prings@farbor Monographs IIA and IIB 








ited by Jeffrey N. Strathern, Cold Spring Harbor Laboratory, 
Elizabeth W. Jones, Carnegie-Melion University, and 
James R. Broach, State University of New York at Stony Brook 


e yeast Saccharomyces has become an extremely valuable organism for the study of the molecular biology of 
eukaryotic cells. As a result of the ease with which it can be manipulated genetically, a large body of data regarding the 
biochemistry and genetics of yeast has accumulated. The cell cycle and the life cycle of yeast have been the subject of 
extensive mutational, biochemical, and cytological research. 


In addition, with the advent of genetic engineering and yeast transformation, basic questions concerning gene 
Orggseeation, regulation of genetic expression, movable genetic elements, etc., are being fruitfully approached. These 

Opics have been reviewed and interrelated in the twenty-nine chapters and appendices listed below which constitute 
THE MOLECULAR BIOLOGY OF THE YEAST SACCHAROMYCES. This book is designed to be an up-to-date reference 
volume for workers in the field of yeast-research, an invaluable introduction to the field for those researchers who 
wish to become acquainted with yeast, and a textbook to supplement graduate training in eukaryotic molecular 










biology. 


LIFE CYCLE AND INHERITANCE 
Monograph 11A 


Development of Yeast as an Experi- 
mental Organism (H. Roman); Genetic 
Mapping in Saccharomyces cerevisiae 
(R.K. Mortimer, D. Schild); Genome 
Structure and Replication (W.L. Fang- 
man, V.A. Zakian); Cytology of the 
Yeast Life Cycle (B. Byers); The Sac- 
charomyces cerevisae Cell Cycle (J.R. 
Pringle, L.H. Hartwell); Pheromonal 
Regulation of Development in Sac- 
Charomyces cerevisiae (J. Thorner); 
Control of Cell Type in Saccharomyces 
cerevisiae: Mating Type and Mating 
Type interconversion (|. Herskowitz, Y. 
Oshima); Meiosis and Ascospore De- 
velopment (R.E. Esposito, S. Klapholz); 
Mechanisms of Meiotic Gene Conver- 
sion (S. Fogel, R.K. Mortimer, K. Lus- 
nak); Mechanisms of Mitotic Recom- 
bination (M.S. Esposito, J.E. Wagstaff); 
DNA Repair and Mutagenesis in Yeast 
(R.H. Haynes, B.A. Kunz); The Yeast 
Plasmid, 2, Circle (J.R. Broach); Killer 
Systems in Saccharomyces cerevisiae 
(R.B. Wickner); Mitochondrial Struc- 
ture (B. Stevens); Mitochondrial Genet- 
ics and Functions (B. Dujon) 


December 1981, 736 pp. (Approx.) 
0-87969-139-5 
Cloth $75 ($90 outside US) 





Three consecutive thin sections of a dividing 
cell. Mitochondrial profiles are observed in the 
neck during nuclear elongation and migration 
Early stationary phase in glucose. (Photo cour 
tesy of B. Stevens) 


Set price $115 ($138 outside US) 


METABOLISM AND GENE 
EXPRESSION 


Monograph 11B 


Carbohydrate Metabolism (D.G. 
Fraenkel); Nitrogen Metabolism (T.G. 
Cooper); The Membrane Lipids of 
Yeast: Biochemical and Genetic 
Studies (S.A. Henry); The Yeast Cell 
Wall and Cell Surface (C.E. Ballou); The 
Regulation of Amino Acid and Nucleo- 
tide Biosynthesis (E. Jones, G.R. Fink); 
The Secretory Process and Yeast Cell 
Surface Assembly (R. Schekman, P. 
Novick); Transport in Saccharomyces 
cerevisiae (T.G. Cooper); Regulatory 
Circuits for Gene Expression: The 
Metabolism of Galactose and of 
Phosphate (Y. Oshima); Initiation of 
Translation (F. Sherman, J.W. Stewart); 
RNA Polymerases and Transcription 
(B. Hall, A. Sentenac); The Yeast 
Ribosome: Structure, Function and 
Synthesis (J.R. Warner); Suppression 
in the Yeast Saccharomyces cerevisiae 
(F. Sherman); Organization and Ex- 
pression of tRNA Genes in Sac- 
charomyces cerevisiae (C. Guthrie, J. 
Abelson); Principles and Practice of 
Recombinant DNA Research with 
Yeast (D. Botstein, R.W. Davis). 

March 1982, 672 pp. (Approx.) 
0-87969-149-2 

Cloth $60 ($72 outside US) 
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-. Amersh m offers | 
"end labelling ki 
which give you: 


Convenience 
All the reagents needed to label DNA in one kit. 





Flexibility 

Amersham’s kits are available with or without 
cordycepin 5’-[a-32P triphosphate for maximum 
economy of label. 


Efficiency 
Labels all 3 types of 3’-end — protruding, blunt and 
recessed. 


Simplicity 
Few pipetting steps. 
Easy to handle volumes. 


Quality 

All batches of our kit are subject to rigorous quality 
control. A copy of the autoradiograph, obtained 
after labelling the standard DNA provided in a 
Standard reaction, is supplied with each kit. 


PB.4025 Ne i} l adigi iC Live ede HS ? y if j Ti { tf 10 g vcepgpi 2 a ' Lf} J OSD ` ate 
SUT icient or se & tandara cy e d labelling ré ac ww 


PB.4100 Non-radioactive reagents + ImC: cordycepin 5’-|a-34P| triphosphate 
sufficient for 20 standard 3'-end labelling reactions 


N.4005 Non-radiocactive reagents only - sufficient for 5 standard 3°-end labelling 
reactions 


N.4020 Non-radioactive reagents only — sufficient for 20 standard 3'-end labelling 
reactions 


Please call Amersham or your local representative 
for further details of our kits. 


Amersham International Limited, Amersharn, England Telephone 024 04-4444 

in the U.S.A. and Canada, Amersham Corporation. |!linois 60005 Telephone 312-364-7100 
and 800-323-9750 (Tollfree) 

In W. Germany. Amersham Buchler GmbH & Co KG, Braunschweig Telephone 05307-4691 


Circle No.16 on Reader Enquiry Card. 


